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Abstract
The underrepresentation of women in computer
science (CS) programs is an important issue that
needs to be addressed in order to promote gender
inclusivity and innovation. The following study is
a literature review of 42 papers published between
2005 and 2024. It investigates the effectiveness of
different higher education policies and practices in
retaining female students in computer science pro-
grams. Key areas of the paper include holistic ad-
missions and bridge programs, anti-discrimination
policies, support programs, and inclusive curricu-
lum design, such as introducing practical con-
text to education and adopting inclusive learning
techniques. The research findings show that all
these strategies enhance female retention in CS,
by, for example, creating a sense of belongingness,
increasing motivation and engagement, removing
economic barriers, providing networking and ca-
reer opportunities. A key takeaway of the paper
is that each strategy has its own unique contribu-
tions and combining different policies strengthens
and complements individual effects. Because of
that, any party interested in applying these poli-
cies needs to carefully study the educational envi-
ronment and then choose the most adequate set of
measures.

1 Introduction
The underrepresentation of women in computer science is an
important problem, as female students face higher attrition
rates during their studies and in their subsequent careers [45].
Keeping women in the computer science industry is important
for several reasons. First, a diverse workforce drives growth
and innovation in the economy. Ensuring equal opportunity
in profitable tech fields is crucial from an equality perspec-
tive [39]. In terms of society, increased female representation
results in well-rounded, balanced products that reflect more
various viewpoints [39]. Tackling this issue requires a thor-
ough understanding of the causes of these disparities along
with development of effective strategies for improving reten-
tion.

Research studies have already identified the causes of this
issue. It has been documented that environmental and so-
cial factors are important in creating a sense of belonging for
women in tech environments. This, in turn, increases reten-
tion and creates a coherent work environment [14]. In ad-
dition, female students need to have esteem for their skills
and competence, as this is also a decisive factor in their re-
tention and further specialization in computer science [2].
Identity-related factors and stereotype threats contribute to
the attrition rates among women as well [13]. Other stud-
ies focus on effective institutional strategies. For example,
support programs, inclusive curricula, and the establishment
of women-centred tech communities have shown positive re-
sults in various case studies [36].

This paper is a literature review which aims to investi-
gate the following research question: “What are the ef-
fects of higher education policies aimed at reducing gen-
der bias and stereotypes and how do these policies influ-
ence the overall academic and career outcomes for women
in CS?”. This investigation describes and evaluates various
techniques designed to mitigate gender bias and stereotypes
in post-secondary CS education. To provide an objective as-
sessment, the paper provides empirical evidence upon imple-
mentation of these policies. In the discussion section, the
paper offers interpretations of results, challenges in policy
implementation, suggestions for policymakers, and describes
possible limitations of the study.

2 Background Information
2.1 Evolution and Current State of Gender

Disparities in CS
The role of women in CS has evolved dramatically over the
past thirty years. Women were the leaders in the field, thanks
to scientists such as Ada Lovelace and Grace Hopper, but
around the mid-1980’s the gender balance in CS started to
skew quickly in favour of men. Several factors are responsi-
ble for that decline, including the invention of personal com-
puting, which was marketed mainly to males, and the impo-
sition of stereotypes in popular culture [1].

More recent data shows that of the bachelor’s degrees
awarded in CS in the US, about 20% of these are awarded
to women, whereas they represent about 57% of all college
students [45]. In the same way, there is also a lack of repre-
sentation in CS industry. Only 26% of the computing work-
force is comprised of women [53]. These statistics show a
persistent gender gap that signifies underlying issues.

Furthermore, female students in CS are more likely to ex-
perience bias in academia and negative stereotypes which un-
dermine their belonging and capabilities. Such an environ-
ment results in lesser self-confidence, which in turn leads to
lower retention rates [12]. Also, the absence of female role
models and mentors in academia and industry worsens the
situation [15].

Addressing CS gender disparities is significant not only
for equality reasons but also in terms of innovation and the
ability to tackle new problems in the field. Many researches
have shown the positive impacts of including different points
of view in increasing creativity and effectiveness in creating
solutions. Letting women have equal opportunities in tech-
nology careers is also one of the important considerations in
social fairness and economic empowerment [19].

Many universities have implemented policies to support fe-
male CS students, including support programs, holistic ad-
mission, curriculum changes, etc to create more inclusive
classroom environments. These efforts aim to provide female
students with the resources and support needed to have equal
opportunities in the field.

2.2 Related Literature Reviews
Female retention in CS has been the focus of many studies,
which have examined a range of higher education policies
aimed at addressing gender diversity. For instance, one study



provided an overview of initiatives used to boost recruitment
and improve retention among women in undergraduate CS
courses. It categorized the measures into four groups: pol-
icy, pedagogy, influence & support, and promotion & engage-
ment, and showed the diverse approaches taken to tackle the
problem [8].

Figure 1: Categorization of measures [8].

This categorization allowed for the separation of related
policies and led to a more precise and individualistic exami-
nation. The study describes the contribution and importance
of measures within each category and concludes that there is
no single solution and policies should be applied according to
the situation [8].

Another related paper conducts a literature review, regard-
ing the status of women in STEM for the period 2007-2017.
This review covered areas such as recruitment, retention, bar-
riers, and faculty issues. It identified stereotypes, biases, cam-
pus culture, classroom experiences, identity, and sense of be-
longing as significant factors affecting female students’ expe-
riences and retention in STEM fields [9].

3 Methodology
This literature review investigates existing research on higher
education policies and practices that contribute to the reten-
tion of female students in CS studies and the effects of these
policies. In the following section, we describe the steps taken
to gather, analyze, and document relevant literature, ensuring
the research is transparent and replicable.

3.1 Preliminary Setup & Research
This step served as a foundation for all subsequent re-
search. First, three primary scientific databases were utilized:
Scopus, Springer Link and JSTOR. The resources in these
databases strongly emphasise high quality, all of them are
peer-reviewed and there are plentiful articles, journals, books,
etc. which are relevant to the research question on higher ed-
ucation policies affecting the retention of female CS students.
Scopus is an extensive resource that contains academic jour-
nals across multiple disciplines, including education and so-
cial sciences. Springer Link also provides many resources
regarding a wide range of subjects, making it relevant to the
current study. Finally, JSTOR delivers a wide coverage of
materials and is useful as it has thorough archival content

which was used to identify possible historical trends. These
databases were chosen to cover a wide range of perspectives
that consider different stances regarding the subject.

In addition, this step involved identifying an initial set of
query words and phrases that ensure breadth of the topic,
such as: “female retention in computer science programmes”,
“gender bias in STEM education”, “university policies for
gender equality in STEM”, “stereotypes in computer science”
“women in technology education”, “support programs for
women in CS higher education”, and “inclusive practices in
STEM”. The keywords were used in different combinations
to maximize the retrieval of relevant articles.

This round of preliminary research produced over 75,000
query results within the three databases, as described in Fig-
ure 2. The query words used were broad enough to provide
valuable insights, context about the gender disparities in CS
and a starting point for researching various policies that mit-
igate this problem. This was done by scanning over titles
and/or abstracts and recording recurring themes and policies.

3.2 Data Collection
The results from “Preliminary Setup & Research” were fur-
ther refined in this step. This was achieved through the
means of inclusion/exclusion criteria. The inclusion crite-
ria included several requirements. This paper needs to in-
clude only studies carried out over the last 20 years in or-
der to focus on recent trends. The referenced studies need
to be in English language. An essential inclusion criterion
is that all referenced papers need to be relevant to the ex-
act research question and not just the topic of women in
CS. This required narrowing down search criteria to the fol-
lowing phrases: “holistic admissions in CS degrees”, “anti-
discrimination policies in STEM and CS”, “Mentorship pro-
grams for gender diversity in CS”, “Scholarship programs in
CS”, “Effects of pair programming”, “Project-based learning
and its effects on female retention in CS”, “Inclusive learning
techniques in STEM and CS”. Therefore, this was the final
set of queries used when collecting data. In order to adhere
to academic standards, the inclusion is also established on
studies in peer-reviewed journals. Finally, the papers need
to be empirical studies, and literature reviews that provide
qualitative or quantitative data on the effectiveness of reten-
tion strategies. Exclusion criteria consist of studies that are
irrelevant to the research question, non-academic sources, i.e.
opinion materials, blog posts, non-peer-reviewed articles, and
outdated research.

This step significantly reduced the amount of query results
as it removed many papers which are irrelevant to the current
research question.

3.3 Resource Overview and Analysis
The final step involved conducting “Resource Overview and
Analysis”. Titles and abstracts were reviewed to determine
their relevance. Afterwards, the material was selected for
complete review if it was pertinent. The selected articles were
fully read to collect data and examine key information such
as study objectives, methods, findings, and conclusions. Fur-
thermore, the collected data was analyzed to identify common
themes and patterns across the studies. This meant sorting



papers according to theme relevance and the policy/ies they
examined. In addition, the effectiveness of each policy was
measured by examining the impact and result of each policy.
This was done by looking into quantitative statistics and re-
ports. Upon completing this step, 42 papers were selected
and referenced in this study.

Figure 2: Number of papers per review stage.

3.4 Thematic Overview
Three core themes were identified after the examination of
the papers. They are “university strategies for gender inclu-
sivity”, “pedagogy/curriculum design” and “engagement &
support programs”. The categories from Berry et al. shown in
Figure 1 have been used as a starting point in theme classifi-
cation and were a major inspiration for the above-mentioned
themes. However, there is one key difference between the
themes identified in the two papers. Berry et al. classify men-
torship (role-model) guidance as a separate theme. Yet, the
findings of this paper treat mentorship programs as a form of
“engagement & support program”. This is because it is often
the case that such programs (mentorship programs, scholar-
ships, etc.) are used together in combination. Each one has
its own contributions and it is difficult to isolate the individ-
ual benefits and/or assign greater importance to one measure
over the others, as it is context-dependent.

The papers referenced in the “Results” section are con-
nected to one of the following categories. Figure 3 shows
the paper distribution by theme. It is worth noting that there
isn’t any evidence of themes being underresearched, as there
weren’t major difficulties in finding resources about a field of
interest.

3.5 Documentation
After completing the data collection and analysis, all infor-
mation was summarized and all key insights were extracted.
The paper presents the most common university policies to
promote gender diversity and backs up the effectiveness of
each of them with real-world data.

Figure 3: Paper distribution per theme

4 Results
This section documents various, well-established higher edu-
cation policies and investigates their effectiveness. This sec-
tion is divided into two parts. The first one reflects the fol-
lowing themes - “University strategies for gender inclusivity”
and “Engagement and support programs”. This is done as
policies regarding these two themes are tightly interconnected
and follow a direct approach when tackling gender dispari-
ties. More specifically, this includes gender-sensitive admis-
sion, anti-discrimination policies, support groups, etc. The
second section looks into a more oblique, indirect approach
which focuses on measures regarding the pedagogy and cur-
riculum design of the study. This mainly includes creating a
more inclusive environment and introducing practical context
to education.

4.1 Policies for Mitigating Gender Bias &
Stereotypes

Gender bias and stereotypes in CS education are significant
impediments to the retention of female students. These bi-
ases appear in different forms, including curricular content,
classroom settings, and institutional policies, often leading
to a less inclusive and supportive environment for women.
This section investigates ways of mitigating gender bias and
stereotypes and brings out areas where further intervention
may be necessary.

Research has shown that gender bias and stereotypes neg-
atively affect female students’ experiences and results in
STEM fields, including Computer Science. For example,
it has been found that stereotypes about gender and STEM
capabilities can undermine women’s confidence and inter-
est in these fields, which in turn can lead to higher attri-
tion rates [18]. Additionally, gender stereotypes in educa-
tional environments can lead to a sense of isolation and a
decreased sense of belonging among female students [20].
There have been many institutional measures used to combat
bias and stereotypes. These policies can be generally catego-
rized into gender-sensitive admissions, anti-harassment poli-
cies, and support programs.

Holistic Admissions & Bridge Programs
Holistic admissions and bridge programs policies try to in-
crease the number of female students entering CS programs.



This measure diversifies the class and prevents stereotypes
and bias from forming and/or defining the students in the CS
programme. This measure can be applied in several different
ways. One way is by introducing holistic admissions pro-
cesses. They consider a broader range of student qualities
apart from standardized test scores. This includes considering
extracurricular activities, work experiences, personal back-
ground, talents, etc. Such admission practices are essential as
they can help mitigate the impact of gender biases inherent in
traditional admissions criteria [40]. For example, the holistic
approach to admissions at Carnegie Melon University proved
to be very effective in diversifying the student population in
CS courses. There has been a significant increase in first-year
female students in recent years, as presented in the figure be-
low.

Figure 4: Share of first-year female undergraduate students at
Carnegie Mellon University’s School of Computer Science (2010-
2018) [50]

Bridge programs are also beneficial in achieving greater
gender diversity. They can be useful for women, who are less
likely to have had prior exposure to CS before college as these
programs often provide preparatory courses and experiences
for incoming students [4].

One real-life example of such a measure is the CS Kick-
start. This is an initiative at the University of California,
Berkeley designed to attract and increase the retention of fe-
male students in CS by providing them with a foundation
before they begin their undergraduate studies. Participants
can follow preparatory CS courses, do hands-on projects and
meet faculty and industry professionals. This practice acts as
a bridge program as 33% of participants switch from other
majors to computer science in the first year alone. Since its
inception, the program has doubled the number of female CS
majors at UC Berkeley [37].

Another example of a successful bridge program is “Girls
Who Code”. It is a multi-university initiative which aims to
popularize CS among female students. It is present in many
colleges throughout the US and through so-called “College
Loops” provides networking, mentorship, and career devel-
opment opportunities. It also allows students to connect with
peers and professionals, attend tech conferences, and gain ac-
cess to internships and job placements. As a result, the major-
ity of program participants are more confident in their ability

to pursue technical internships and jobs as a result of partici-
pating [31].

Anti-discrimination Policies
Another measure is the anti-discrimination policies. They are
designed to protect students from gender-based discrimina-
tion and harassment, ensuring that all students have equal de-
velopment opportunities and can learn in an inclusive envi-
ronment. Such policies include report procedures, support
for victims and protocols for enforcement. An example of
such a measure is the Anti-discrimination policy adopted at
UC Berkeley. It is a thorough document that includes various
definitions of discrimination, both academically and socially.
It contains clear step-by-step mechanisms for reporting and
a section that describes the consequences of non-compliance
to that policy [49]. Institutions with such anti-discrimination
policies report higher levels of perceived safety and inclusiv-
ity among female students, which leads to higher retention
rates [42].

Furthermore, systematic seminars for identifying and pre-
venting discrimination have proven to create a more tolerant
and peaceful university culture. This measure has a more
preventative nature as it tries to tackle the root of the prob-
lem. These trainings aim to educate students, staff and fac-
ulty members about different types of discrimination includ-
ing gender bias and discrimination, and how to identify and
address such issues. One key component of the seminars that
makes the participants actively engaged is the workshops. In-
teractive elements such as group discussions, role-play situ-
ations, or case studies help participants understand the prac-
tical side effects of discrimination and develop empathy by
seeing issues from different perspectives [16]. For exam-
ple, a study at Purdue University, shows that participation in
diversity training improved faculty members’ understanding
of inclusion and microaggressions. Participants, especially
women and minorities, reported a greater increase in satis-
faction with their department affiliation, indicating that such
training can enhance feelings of belonging and support [38].
Overall, educational institutions with such training programs
report fewer incidents of discrimination and greater coopera-
tion among students to report issues [47].

Support Groups & Measures
Mentorship, scholarships, development opportunities and
other initiatives are applied as support programs by various
institutions. For instance, financial support for female stu-
dents in CS can remove economic barriers and encourage
more women to pursue and succeed in these fields. It has
been shown that scholarship programs have significantly in-
creased the number of women enrolling and completing CS
degrees [48]. In 2018, Middle Tennessee State University
decided to implement a 5-year STEM scholarship to attract
more students to their CS program, with a focus on making
the student population more gender diverse. This financial
support measure yielded positive results as scholars had bet-
ter GPA grades and received five credits on average more per
year than the rest of the students. In addition, the dropout
rate of scholar students (15%) was significantly lower than
that of regular students (37%) [26]. In addition, a study by
The National Action Council for Minorities in Engineering



(NACME) Academic Scholarship Program at Arizona State
University showed that providing scholarships to underrepre-
sented students significantly improves retention rates. Female
students in the program showed higher retention compared to
the male students. This indicates that financial support can be
an effective measure for retaining female students in CS [5].

In addition, introducing mentorship programs significantly
increases the sense of belonging in the field and boosts stu-
dents’ confidence. Teaming students with mentors has been
shown to benefit students as professionals share advice, expe-
riences and guidance. Also, peer mentoring programs early
in college significantly increase women’s positive academic
experiences and retention in engineering and CS [23]. In ad-
dition, mentorship reduces the stereotype threat, as female
students can identify role models and look up to them [34].

Based on an interview study conducted at the University
of North Carolina at Charlotte, female students who have
participated in mentorship programs during their CS educa-
tion listed mentors as people they saw as role models, people
who boosted their confidence and received guidance from.
Also, mentors helped them explore new professional places,
exposed them to possible career opportunities and expanded
their professional network [46]. Mentorship programs often
include workshops. They usually focus on coding, project
management, and leadership skills. Often, women in the
CS industry or academia highlight the importance of such
seminars and find them helpful in their professional devel-
opment [27]. The table below represents a study at the Uni-
versity of Massachusetts Amherst which surveys STEM stu-
dents who participated in a mentorship program. Mentees
gave positive feedback and a reported symbiotic relationship
with a mentor [23].

Table 1: Mentees’ evaluations of mentoring relationships [23]

4.2 Policies Implemented in Pedagogy &
Curriculum Design

Another key factor regarding female retention in CS pro-
grammes is the adequate structure of course curricula. Tra-
ditional CS curricula have often been criticised for not being
inclusive enough or being unable to retain a diverse student
body. Such course structures emphasize competitive and in-
dividualistic learning approaches which might discourage fe-
male students, as the latter tend to prefer a more collaborative
and contextually relevant environment [41]. This section in-
vestigates the effective curriculum designs to make CS edu-
cation more inclusive and supportive for female students.

Introducing Practical Context to Education
One possible way of making current curricula more relevant
and inclusive is by incorporating real-world problems and ap-
plications. This includes project-based learning where stu-
dents work together as a team and try to solve a real, practical
problem. It has been documented that project-based learning
increases students’ motivation, provides sense to their work
and generally enhances the learning process. Female students
may find this helpful as they prefer a more sociable and col-
laborative learning environment [41]. Generally, tackling a
common problem allows students to apply theoretical knowl-
edge to practical projects, and develop technical skills simul-
taneously. Group work ensures students communicate, share
ideas, and work collaboratively to solve a shared task. This
enhances practical skills and other personal attributes that the
CS industry deems important [22].

In addition, project-based learning increases the sense of
responsibility among team members as it allows them to
choose projects, set goals, and track progress. As a result,
students become more independent, motivated and account-
able. Adopting a project-based approach to education has
been shown to enhance knowledge, collaborative and social
skills, critical thinking, and exposure to real-world problem-
solving [33]. One possible context of such projects is that cer-
tain coursework can be modelled in a way such that it solves
a particular problem, both related to the university and not.
For instance, this might include developing grading software,
internal communication software, etc. or helping out local
non-profit organizations and companies.

A college that successfully implemented such a policy is
Harvey Mudd College. For a time interval of 7 years, be-
tween 2004 and 2011, this university has managed to increase
female students in CS from 12% to 40%. This was achieved
through a thorough curriculum redesign that included many
practical projects that included real-world applications [3].
Such projects can also be in the form of internships or part-
nerships. Interactions with companies allow students to gain
a lot of insights about the CS field and at the same time apply
academic knowledge into practice. It has been documented
that such practices effectively retain female students as they
provide career opportunities and industry connections [29].

The positive effects of implementing project-based learn-
ing in STEM and CS disciplines can be observed in table
2. It reflects a survey among STEM students at the Howard
Hughes Medical Institute. The table presents 1=strongly dis-
agree to 5=strongly agree Likert scale on the following mea-
sures. In each one of the measures, students who participated
in project-based learning felt more confident and capable, ex-
cept for “relative cost”, as some felt it overwhelming to man-
age large projects [6].

Collaborative and Inclusive Learning Environments
Collaboration and inclusivity in the learning environment
provide students with ways they express themselves, increase
engagement, as well as reduce the isolation that students
sometimes face. Proper integration is essential, as students
who feel isolated or left out have much higher chances of
dropping out and/or performing unsatisfactorily [11]. Such
practices can increase gender diversity and alter the CS class-



Table 2: Comparison of STEM metrics between no project-based
and project-based learning

room into a more shared experience rather than individualis-
tic as is often the case. Inclusive pedagogy can transform the
classroom environment. An online professional development
program involving over 200 participants showed that collabo-
rative lesson planning and discussions significantly enhanced
teachers’ ability to implement inclusive teaching practices,
thus improving the classroom environment for female stu-
dents [32].

For instance, one method to achieve such a collaborative
setting is through pair programming. It involves two stu-
dents working together at one computer, writing code and
completing a given task. Such activity includes active dis-
cussion, shared research of technology, teamwork, and most
importantly common problem-solving. This enhances one’s
technical knowledge and coding skills, bonds students to-
gether, and develops soft skills [43]. This practice can cre-
ate a more cohesive class and help maintain gender diversity
and inclusivity, which in turn leads to increased retention of
female students. Real-life assessment of this measure have
been conducted at several universities through a single com-
parative study. The study design included controlled compar-
isons between sections of an introductory course where one
group used pair programming and another group worked in-
dividually. Individual programming skills were assessed us-
ing lab assignments under exam conditions, and additional
metrics such as written exam scores, homework, pre- and
post-semester attitude surveys, and retention into subsequent
courses [10].

For instance, at North Carolina State University, paired
sections showed significantly higher rates of students receiv-
ing grades of C or higher compared to solo sections, and
paired students performed better in later courses. At the Uni-
versity of California, Santa Cruz, paired sections had higher
course completion rates in most semesters, and paired stu-
dents were more likely to register for the next programming
course. The University of Auckland study found that paired
students received higher scores on individual programming
projects. The Pondicherry Engineering College study re-
ported significantly higher individual written test scores for
paired students. Finally, the study shows that pair program-
ming improves individual programming skills and enhances
students’ confidence and course completion rates without
negatively impacting future solo programming performance.
These findings also demonstrate that pair programming im-

proves student outcomes and retention [10].
Another useful method is incorporating classroom-style

groups in the learning process. This includes having lectures
and labs in small, break-out groups with no more than 20
students. The key advantage of this practice is the personal
attitude towards each one of the students. In smaller groups,
the lecturer can adapt to the group dynamics and alter the
teaching approach as needed. Also, the learning process is
facilitated as students can discuss the material more openly
and ask questions if needed. Being part of such classroom
groups also increases the sense of belonging and keeps stu-
dents motivated by creating an idea of common purpose [51].
One flaw of a large classroom environment is lack of com-
munication among students and faculty. Breakout classes can
mitigate this by allowing for more direct interaction and sup-
port from instructors and peers, which is crucial for build-
ing confidence and competence [51]. The implementation of
breakout classes has been linked to creating a more supportive
learning environment that addresses the specific needs of fe-
male students. At the Dublin Institute of Technology, adopt-
ing smaller class sizes and support groups led to a dramatic
increase in first-year retention rates from 45% to 89% [44].
Such practices encourage students to be more tolerant, ac-
cepting and open-minded towards their fellows with whom
they share common goals.

A third method for achieving a considerate learning envi-
ronment is by adopting inclusive teaching practices. Inclu-
sive teaching practices are educational strategies that appeal
to different types of students, to their learning styles, back-
grounds, and experiences. In the CS field, such a method
is important for female retention as it is predominantly male
domain. This, for instance, be achieved through culturally re-
sponsive teaching. This approach includes using culturally
relevant examples and addressing different points of view.
This increases the engagement with the study material as it
is perceived as more relevant and results in better grades,
improved motivation and retention [30]. Another inclusive
teaching practice is the Deep Teaching style. This style em-
phasizes self-awareness, empathy, and creating a supportive
classroom setting, which are crucial for improving the reten-
tion of female students in CS [24]. It has a strong empha-
sis on understanding one’s self and the student in order to
achieve mutual respect and understanding in the educational
process. The model employs a sequential approach that be-
gins with instructors reflecting on their own teaching prac-
tices and continues by developing empathy for students. This
strengthens the bond between students and teachers and in-
creases the sense of belonging, especially for those from an
underrepresented group. By creating a supportive classroom
environment, the Deep Teaching model enhances the reten-
tion of female students in CS programs, making them feel
more welcomed and valued [24].

Another related technique for achieving inclusive teaching
is the Active Learning technique. This technique relies on
regular discussion, group tasks and projects. Students ac-
tively apply the learning material as opposed to passive lis-
tening to lectures. Such an approach leads to deeper un-
derstanding, higher participation, and has been documented
to be particularly beneficial for underrepresented groups in



Figure 5: Flow of the classroom environment according to Deep
Teaching model [24].

STEM [28]. Research has shown that active listening is cru-
cial for women’s educational and career success in the sci-
ence and engineering fields. For example, a study involving
an online educational simulation for female natural sciences
and engineering students found that detailed feedback during
active listening exercises improved participants’ knowledge
and skills. This demonstrates that active listening can help fe-
male students feel more understood and supported [7]. Addi-
tionally, active learning strategies that require active listening
have been shown to significantly improve students’ engage-
ment and retention of course material. Methods like think-
pair-share and minute papers have led to higher final exam
scores and greater student satisfaction, by articulating their
thoughts and listening to their peers [25]. Overall, active lis-
tening encourages effective communication, addresses indi-
vidual concerns, and creates a supportive and inclusive learn-
ing environment. Thus plays an essential role in improving
the retention of female students in CS programs.

5 Responsible Research
The following study was conducted with adherence to eth-
ical standards and research integrity. The study relied on
secondary data from peer-reviewed sources, as such it was
ensured that all data collection processes included informed
consent from participants. Also, information was analysed as
objectively as possible, without bias towards specific policies
or institutions. This was done to provide a balanced evalua-
tion based on empirical evidence. All sources of data, models,
and prior research received attribution utilizing citations. The
methodology was described to allow transparency and repro-
ducibility. This included information on the databases used,
search terms, and criteria for inclusion and exclusion.

One key takeaway of the following study is realizing the
importance of systematic documentation of used findings and
resources. If I were to conduct the study once again, I would
put additional emphasis on documenting all steps in data col-
lection and filtering, so that each resource used can be back-
tracked via the query used. This allows for a more accurate
methodology description and replication, which boosts the
quality of the research.

It is important to note that ChatGPT was used to aid the
following processes: chart creation in latex and brainstorm-
ing initial ideas and examples upon beginning the research.

Any information provided by the LLM was double-checked
in peer-reviewed sources.

6 Discussion
The study explored and evaluated the effectiveness of differ-
ent higher education policies designed to retain female stu-
dents in CS programs. It demonstrates that this problem re-
quires a complex approach where a single policy is usually
insufficient and a single measure only solves a specific aspect
of the problem.

6.1 Interpretation of Policies’ Results &
Knowledge Gaps

All of the higher education policies described above try to
enhance the well-being of female students. In other words,
each measure contributes to one or more of the following:
creating a sense of belongingness, decreasing isolation, cre-
ating a more collaborative/inclusive environment, identifying
and addressing discrimination, having role models to look up
to, being able to receive guidance/support, networking, etc.
Existing research is relatively unambiguous as to the con-
tribution of a specific measure. For example, many papers
specify the similar benefits of holistic admissions and bridge
programs, anti-discrimination policies, mentorship programs,
collaborative classrooms, etc. This means that it can be es-
tablished with certainty that each policy has its own effects
contributing to female retention. It is also worth noting that
these effects can differ quantitatively due to the context they
are applied in.

This leads to the identification of several knowledge gaps
within existing research. To begin with, most of the research
regarding the subject matter is written in North America and
Europe. This creates an informational limitation as all of the
investigated data, results and policies might be irrelevant in
other parts of the world. Not only that, there is a possibility
that certain measures can backfire and actually produce nega-
tive effects for female students in CS and STEM in some parts
of the world. Another knowledge gap in current research
is the lack of data regarding the longitudinal impact of the
policies [17]. Existing papers evaluate retention in terms of
course completion, course grades and situational well-being.
However, there is a lack of data explaining if these measures
lead to the best professional outcomes, career development
and satisfaction. It is also not well known if these measures
lead to professional retention in the future or offer short-term
solutions [8].

6.2 Suggestions for Policymakers
Certain institutions and policymakers can make use of this pa-
per. The best way to utilize this document is to first identify
gender disparities within one’s university or higher educa-
tion institution. This means identifying what are the possible
causes of problems. One can start by answering the following
questions: “are there students who feel left out?”, “are some
students discriminated?”, “do all students receive equal op-
portunities in terms of learning and development?”, “are there
effective strategies to guide/support discriminated students or
students from underrepresented groups?”, “do students find



the curriculum engaging and inclusive enough?”, “are there
ways for interested students, from underrepresented groups,
to switch to CS utilizing bridge programs?”, etc. After having
a clear perception of the institution’s problem, one can refer
to the “Results” section. The interested party can investigate
which measure he/she might need and what are the possible
effects of the policy.

Moreover, policymakers are encouraged to implement a
bundle of measures as the positive influence of one policy
is enhanced and complemented by the effects of others. Sup-
pose one wants to make the classroom environment more col-
laborative and inclusive, except for adopting inclusive teach-
ing techniques, one can introduce anti-discrimination policies
and training as well. Thus the effects of both measures are
fortified. There is no single policy which can single-handedly
increase female retention in STEM and CS, however with
adequate problem identification and application of measures
gender diversity can be achieved.

6.3 Challenges and Difficulties of Policy
Implementation

An important aspect of these policies is the adoption process
within a higher education institution. Some barriers are worth
noting, especially when introducing change within large or-
ganisations that involve bureaucracy.

To begin with, one innate problem of these policies is that
individual measures lack rigorous evaluation and measure-
ment of outcomes. This is because it is difficult to determine
the effectiveness of specific actions, often in the absence of
control groups and clear metrics [8]. Many factors influence
both causes and effects, such as university context, location,
cultural background of students, etc. This makes it difficult to
have a clear, objective measurement of each policy, which in
turn complicates the decision about which is the most suitable
measure for the situation.

Another obstacle is the possible cultural resistance within
the institution. Research indicates that curricular and cultural
factors can discourage female students from pursuing their
computer science degrees. This indicates that tackling deeply
entrenched bias and cultural norms requires a lot of institu-
tional effort, however, it is needed in order to remove any
stereotypes that impede gender inclusivity [52].

Resource barriers further impede the proper implemen-
tation of policies. It is often the case that effective mea-
sures require substantial financing and human resources. This
means that institutions with smaller budgets and fewer re-
sources would adopt such policies at a slower rate and/or not
as effective as “richer” universities [35]. In addition, uni-
versities which lack managerial resources or have centralized
decision-making are less competent in adopting new educa-
tional policies [21].

Understanding the challenges in policy adoption can lead
to a better managerial process among interested parties and
policymakers. For the implementation of measure/s to be as
effective as possible, it is worth grasping any possible draw-
backs beforehand.

6.4 Limitations
One significant limitation is the compressed timeframe. The
paper was produced over 10 weeks, thus putting temporal
constraints on the conducted analysis. As a male researcher,
there is also a likelihood of not fully grasping the factors that
hold for female retention, which may have led to bias in data
interpretation and outcome conclusions. An additional prob-
lem arises in the analysis since some research has knowledge
gaps. This means that some policies’ effects are not investi-
gated fully. Finally, the study could be affected by selection
bias. The chosen literature and data sources can lack a gen-
eral representation of the full spectrum of experiences related
to female students in the CS programs.

7 Conclusions and Future Work
This study investigated the effectiveness of different higher
education policies and practices in retaining female students
in computer science programs. The primary research ques-
tion focused on identifying successful strategies and under-
standing why these strategies promote female retention. The
current paper focuses on two types of policies - direct and
indirect. The former, having a more straightforward ap-
proach, includes holistic admission & bridge programs, anti-
discrimination policies and support groups & measures. The
latter, however, focuses more on curriculum design and what
are the best ways to create a welcoming, inclusive and collab-
orative learning environment. Each one of these policies has
its own specific contribution to increasing gender diversity.

For example, holistic admissions and bridge programs al-
low for a wider selection of candidates. Anti-discrimination
policies and trainings promote inclusivity and help students
identify and tackle forms of discrimination. Having support
groups and measures, such as mentorship and scholarship
programs, creates a sense of belongingness, increases well-
being and removes possible economic barriers. Furthermore,
the policies connected to curriculum design, such as intro-
ducing practical context to education and adopting collabora-
tive/inclusive teaching techniques, all aim to promote a com-
prehensive learning environment which reaches and engages
all students equally.

This paper can be of use to policymakers or people inter-
ested in gender diversity in CS. They can review various poli-
cies, their impact and efficiency. They are also encouraged
to utilize more than one policy at the same time as effects
complement and enhance each other.

In the future, one can investigate further techniques and
document their efficiency and results. Any experimental or
newly adopted policy is also worth examining and recording.
Additionally, future research can also study how gender inter-
acts with other social identities—such as race, socioeconomic
status, and disability. This would create a more sophisticated
analysis of the policies and would allow for a more custom-
tailored approach to the problem of female retention in CS.
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