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Abstract

This article investigates gender disparities in Computer Science (CS) and Computational
Thinking (CT). Existing literature reveals the gender gaps in CS and CT, spanning from the
classrooms to the workforce. The literature that identifies the gender gaps in CS and CT
and the lack of consensus in the current studies undertaken in relation to why women are
less engaged in CS and CT than their male counterparts. The article explores concepts of
motivation and engagement and advocates for early exposure to CS and CT. Strategies such
as early exposure and offering role models and mentorship programs are proposed as
effective ways to attract and retain female learners. Challenges in defining Computing
Education terminology and assessing the long-term impact of interventions persist. This
article emphasises the need for further research to understand factors influencing girls'
motivation and engagement in Computing Education. In conclusion, this article suggests
the importance of leveraging practical pedagogical approaches to create a more inclusive
learning environment.
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Introduction

Over the last few decades, we have seen significant shifts in Digital Technology (DT) and its role in
our schools, workplaces, and personal lives. With the development of the digital age, DT has had a
steadfast place in worldwide curriculums for some time, predominantly as Computer Science
Education at high-school and beyond. At present, there are well-documented lower rates of women
than men in the Computer Science (CS) sector (e.g., Cebr, 2020; Cheryan et al., 2017; Digital Skills



Forum, 2021; National Science Foundation, 2017; U.S. Bureau of Labor Statistics, 2023; Wang et al.,
2021). This is significant, as DT plays an increasingly pivotal role in everything we do. In CS, gender
bias occurs, amplified by the lack of diverse and proportionate representation of genders (Breidenbach
et al., 2021; Kuppler, 2022; UNESCO, 2018). Algorithms are increasingly used to make significant
decisions in aspects such as who can obtain insurance, mortgage allocation and facial recognition, to
name a few. When a predominant race or gender creates these algorithms, a coded bias can occur.
Given this, there has been a push to prompt CS at the younger levels of schooling. Over the last
decade, primary curriculums internationally (e.g., in England, New Zealand and Australia) have been
expanded to ensure students are not only passive users of devices but instead are informed, creative
developers and users of DT who are gaining the skillsets needed for the 21st Century (Cebr, 2020;
Ministry of Education, 2007; Papadopolous, 2017). These new curricula introduced aspects such as
Computational Thinking (CT) to students from age five, exploring elements of Computing Education
that take place both on and off devices.

Methodology

This narrative literature review aimed to gain a broad, qualitative, critical analysis of empirically
reported conceptions about gender-related differences in CT and CS education, with a particular
emphasis on girls’ motivation and engagement in these fields. To maintain a thorough perspective,
the review examined peer-reviewed papers, conference proceedings and institutional reports. This
literature review establishes the rationale for further research into girls' motivation in primary school
Computing Education, specifically in CS and CT. To achieve this, the article critically examined
existing research on females’ participation in CS, spanning both professional and tertiary educational
settings. It then summarised studies exploring girls' motivation in CT and CS at early childhood,
primary and high school; and outlined findings and their actionable suggestions for enhancing
practices. Recognising the significance of bridging the gender gap, the article sets the scene and
advocates for the critical need for further research in this domain.

The review is guided by the following questions:

1. What are the key gender-related differences in participation, motivation, and engagement in
CT and CS education?
2. What insights does the literature offer about addressing gender gaps in CT and CS education?

The review prioritised articles post-2015, with the exception of relevant research aligning with key
definitions. Key search terms included "gender"/"girls"/"female", "motivation", and "Computational
Thinking", with interchangeable terms such as "engagement", and variations such as "Computer
Science", "CT", "informatiks", "digital technology", "coding", "programming". To improve
readability throughout this paper, CT and CS (when combined) have been substituted for Computing
Education, although this term is typically associated with and includes a far broader range of skills
such as Digital Literacy and Digital Fluency. The articles reviewed were all written in English, and
no specific criteria were applied regarding the country of origin. However, the majority of the articles

originated from countries such as the United States, Canada, Hong Kong and European nations.
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Framework

Computational Thinking and Computer Science

CT is often mistaken as a computer-based process due to its name. However, CT revolves around
human problem-solving abilities (Curzon et al., 2014). Wing (2006) emphasises CT's importance as
akin to reading and numeracy in daily life. CT serves as the foundation of CS but primarily involves
mental problem-solving before and during device usage (Wing, 2018). Astrachan (2009) defines CT
as problem decomposition and explicit problem modelling.

CS encompasses algorithm study, network design, and artificial intelligence, while computing refers
broadly to computers (Encyclopadia Britannica, n.d.). Terms such as CS, coding, CT and computing
are often used interchangeably; however, they hold different meanings. Despite their
interchangeability and although there are overlapping elements, coding, CS and CT differ, as shown
in Figure 1. While coding is a part of programming, it has been generalised in educational and other
contexts, and apps like code.org fuel misconceptions. Although developing skills in one can support
the other, semantic changes and misuse of the term "coding" can lead to misconceptions (Akiba,
2022; Sun et al., 2022). Figure 1 illustrates the relationship between CS, CT, computing, and
programming, emphasising their interconnectedness and distinctions (Digital Promise, 2022).

Figure 1.
The Relationship Between Computer Science, Computational Thinking, Programming and
Computing
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Note: Figure from Digital Promise, 2020, para. 3

Despite the growing importance of CS and CT in education, gender disparities in these fields remain
a significant concern. Research consistently highlights the underrepresentation of girls in CS and CT,
underscoring the need to understand these disparities. Addressing this issue is critical for developing
inclusive educational practices that promote equal participation and foster engagement among all
learners.

Gender Disparities in Computing

Diversity is the unique differences between people, including gender, race, sexual orientation,
religion, and ethnicity (Tiwari, 2022). A workforce that mirrors the diversity of its community is seen
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to have benefits. Diversity in CS breeds innovation and creativity, yields high returns for
organisations and contributes to new knowledge (Institute of Electrical and Electronics Engineers
(IEEE), 2013; Hofstra et al., 2020; Page, 2019; Tiwari, 2022). An important aspect of diversity in
Computing Education is gender diversity. Gender is usually understood as the social aspects of one’s
identity, whereas sex refers to the biological and physical characteristics a person is born with
(Erickson-Schroth & Davis, 2020).

Digital technologies are an increasingly large part of every facet of life. Computer-related jobs are
growing, and DT is shaping our lives and influencing our thoughts and actions. Therefore, the people
who create DT must represent the diverse demographic they innovate for (Bjern et al., 2023). Current
research identifies a gender imbalance of males to females who participate in CS tertiary education,
literature creation and occupations (e.g., Cebr, 2020; Cheryan et al., 2017; Digital Skills Forum, 2021;
National Science Foundation [NSF], 2017; U.S. Bureau of Labor Statistics, 2023; Wang et al., 2021).
In STEM (Science, Technology, Engineering and Mathematics) related studies and occupations,
gender disparities exist across the sector.

Tertiary CS education has the least female involvement compared to other STEM subjects. Currently,
in some STEM domains, such as biology, mathematics and environmental engineering, gender gaps
appear to be diminishing. However, in CS, women remain notably underrepresented, constituting just
22.6% of the conferred Computer and Information Sciences bachelor's degrees in the USA in 2022
(National Centre for Education Statistics, 2023). Additionally, the USA’s NSF (2017) reports that
proportionally, the number of women achieving CS bachelor's degrees is less than a generation ago,
as shown in Figure 3.

Figure 3.
Number of Women Awarded Bachelor’s Degrees in CS (Shown in Green)
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Note: NSF, 2017, para 4.

Additionally, data collected by UNESCO (2017, p. 45) supports the National Science Foundation’s
(2017) findings globally. Only 28% of those enrolled in higher education ICT fields globally were
females (although this includes ICT administrators), as shown in Figure 4.
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Figure 4.
Share of Female and Male Students Enrolled in Higher Education, by Field of Study, Global
Average.
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A UK report by Cebr (2020), identified that many universities are working to address the
underrepresentation of women in STEM fields with little success. Other authors suggest that women
are less motivated to be involved in STEM professions, that sociocultural influences, gender-based
prejudices and biases, field-specific competence perceptions, lifestyle values, preferences for work-
family balance, and inclinations or professional ambitions all have an impact (Alam, 2022; Ortiz-
Martinez et al., 2023).

The presence of women is notably lacking in tertiary fields of CS and in the literature. A
comprehensive analysis of 11.8 million articles found that, while the number of female authors in CS
literature is gradually increasing, it is estimated that gender equality in authorship (based on current
trends) will not be achieved until at least the year 2120 (Wang et al., 2021). Furthermore, compared
to other industries, the proportion of female authors writing CS articles is among the lowest (Wang
et al., 2021).

The same pattern as CS tertiary education and literature appears in CS careers. According to a Digital
Skills Report from NZ (Digital Skills Forum, 2021), there is a significant gender imbalance in digital
roles, with women accounting for only 27% of NZ’s digital workforce. Curiously, despite the number
of women in digital positions declining, the total number of women in the workforce has risen over
the same period. Another American report (U.S. Bureau of Labor Statistics, 2020) identified that
women accounted for only 22% of computer-related occupations of (excluding administrators).

These figures are concerning given women’s rich history with computing and coding. In 1833, Ada
Lovelace developed what is now recognised as the first "computer program" and as computers
became a reality, women were pioneers in writing the software and providing the calculations for the
first programmable computer, called the Eniac (Thompson, 2019). Women such as Betty Holberton
are credited for developing programming that increased accessibility and practical applications of
computers, whilst Margaret Hamilton led the design of software for the lunar mission in the 1950s
and ‘60s, a time where a large proportion of these types of roles were completed by women (Giirer,
2002), However, these female programmers were seldom acknowledged, as the hardware developed
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(by males) was seen as the most important contributions. Several decades later and women's
participation in computing looks quite different (Gtirer, 2002; Thompson, 2019).

The CS gender imbalance, identified in the literature on higher learning and the workforce, is
preceded by a lack of Computing Education diversity in schools, particularly in senior years. The lack
of diversity in school students’ motivation to participate in Computing Education subjects has been
researched to try and ascertain when and why women decide that CS is not a career path for them
Yamazaki & Nishida, 2025).

Computational Thinking and Computer Science in Schools

Several reports from Europe and America have accentuated the evolving importance of students being
extended to gain a deeper understanding of computers, that there is a need for an overhaul in the
education system and that DT plays a role in this (Gander et al., 2013; Koh, 2015; Prensky, 2001;
Reigeluth & Joseph, 2002; Su, 2009; Tapscott, 2009; Voogt et al., 2015).

Within digital curricula in schools, CT and CS are often identified as areas of learning (Bell et al.,
2014; Webb, 2017), with both subjects evolving since their initial conceptions. Gradually separating
from Engineering, CS became a definitive USA tertiary subject in the 1940s (Tedre et al., 2018).
Early CS courses aimed at creating new devices. However, as manufacturers mass-produced
computers and introduced them to educational institutions, the focus shifted towards the growing
need for computer specialists in the labour force. Consequently, schools introduced computer science
into US high schools in the 1960s (Tedre et al., 2018).

Over the last 15 years, CT has been introduced to primary classrooms (ages 5 to 13) worldwide. Prior
to this, C and CT were predominantly taught in secondary schools or higher-level education and were
mainly thought of as CS. In 2003, the United States introduced new primary school Computing
Education curricula (Stephenson et al., 2012); in 2014, the United Kingdom followed (Cebr, 2020);
in 2015, Australia implemented similar changes (Papadopolous, 2017); and in 2017, New Zealand
introduced its own curriculum (Ministry of Education, 2017). These curricula go beyond using
devices as tools and digital literacy and instead aim to develop students’ understanding of being
critical creators of digital devices. Introducing these curricula at lower levels of schooling aims to
develop students who are capable of being digitally critical and creative in a world dominated by
computers (Caeli & Yadav, 2020). Another motivation for these curricula is the demand for a
workforce who can work in digitally-driven industries, such as CS. However, diversity in the CS
workforce remains a challenge despite earlier integration into schools.

Developing CT in primary education has been identified as an important way to address gender gaps
early (El-Hamamsy et al., 2023; Sullivan, 2021). According to Master et al. (2017), providing middle
school students with opportunities to participate in computer-related activities can decrease gender
disparities and increase girls’ motivation. Given the introduction of CT curricula in primary education
and the lack of female representation in tertiary and workforce CS; CT curricula enable an enhanced
opportunity to engage females in these fields early (Sullivan, 2021). Mills et al. (2021), suggest that
girls are part of a marginalised group who do not get sufficient access to resources and learning
opportunities to develop their CT skills. Additionally, it is thought that earlier exposure to CT might
remove social and structural barriers (El-Hamamsy et al., 2023).
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Results: Descriptive Findings from the Literature

Motivation in Computing Education Classrooms

Motivation can be intrinsic and extrinsic and plays an important role in students’ engagement and
learning capabilities. The term "motivation" describes the elements that keep students engaged in the
classroom, such as their emotions and emotion-related reactions, as well as their cognitions (such as
self-perceptions and attitudes about belonging) (Master, 2021). Over time, understanding the
motivation to learn has been considered an essential element in education. The volition to learn is
also a fundamental aspect educators want to ignite in their students. Models and theories of motivation
are widespread. A study by Hattie et al. (2020) compared five motivation articles and identified major
dimensions common to all. These included "person factors comprising self (expectations, self-
efficacy), social (modelling, comparisons), and cognitive aspects (self-regulation); task values; goals;
and perceived costs and benefits" (p. 1). However, Hattie et al. (2020) note that the five articles fail
to define motivation categorically. Several theories that relate to motivation in education have been
established. Urhahne and Wijnia (2023) propose "the most cited theories of academic motivation
include expectancy-value theory, social cognitive theory, self-determination theory, interest theory,
achievement goal theory, and attribution theory" (p. 1). The primary constraint associated with these
theories lies in the diversity of terminology and ideas individuals use, making it challenging to
establish clear boundaries. However, ability and self-concepts are key factors determining whether
children engage in a topic (Eccles & Wigfield, 2020; Master & Meltzoff, 2020). Hattie et al. (2020)
suggest that motivation in the school environment can be complex due to the need to comply with
school requirements.

Learning Motivation in Computing Education: Gender Gaps

Girls are often considered equally motivated as boys to participate in "on-device" games and
activities. However, research reveals a conflict with this idea when considering gender differences in
engagement and motivation within Computing Education (Fagerlund et al., 2022; Witherspoon et al.,
2016). Data from several Computing Education studies have identified that males were more
motivated than females, particularly in contributing factors such as self-efficacy and interest (e.g.,
Kong et al., 2018; Kori & Luik, 2020). Additionally, in Kori and Luik’s (2020) study, differences
emerged in social influence and perceived abilities, whilst Sun et al. (2022), identified that girls’
attitudes towards programming were more negative than their male counterparts. Boys exhibit greater
confidence and self-efficacy in STEM fields than girls (Atmatzidou & Demetriadis, 2016; Johnson,
2012). Another study also found that first-grade girls with greater stereotypes of CS being a male-
dominated field held less motivation and self-efficacy in CS (Master et al., 2017).

Numerous studies have argued that Computing Education motivation declines the older students
become (Roméan-Gonzalez et al., 2017; Witherspoon et al., 2016). However, Master et al. (2017),
identify that exposure to computer programming assists girls' motivation to engage with Computing
Education, a concept endorsed by other researchers (Gursch, 2022; Luo et al., 2020). This view is
supported by Fagerlund et al. (2022), who argue that the more time teachers spent on CT instruction,
the higher students’ programming motivation becomes. Lishinski et al. (2016), build on students’
exposure to programming, identifying that the right exposure can create a "self-efficacy feedback
loop" where self-efficacy and performance are inversely related and highly malleable.

In contrast, Master et al. (2023), found no difference between male and female students’ CT
motivation in grades 1-3, and noted that students tend to endorse stereotypes about CS that favour
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their own gender. However, these findings may support the notion that motivation decreases in the
later years of schooling. Kong et al. (2018), also discovered that students thought programming was
less significant in the senior grades than they did in the junior classes, corroborating the idea that CS
motivation wanes.

Learning Engagement in Computing Education: Gender Gaps

Motivation is closely related to engagement. Engagement is characterised by attitudes, behaviours,
and feelings that align with motivation, inclination, and drive (Collie & Martin, 2019). Both
engagement and motivation to learn Computing Education are important aspects in the classroom if
learning is to take place. Teachers often seek to engage and motivate students to learn, hoping for a
reciprocal relationship between the two elements. Literature on CT proposes that school-aged girls
are less likely than boys to engage in CT and other Computing Education activities, particularly as
they get older (Fagerlund et al., 2022; Master et al., 2017; Mills et al., 2021). Boys at high school
often engage in Computing Education with greater frequency and therefore Master et al. (2023),
consider that although males can score higher on Computing Education tests, when females engage
at the same rate, there is trivial difference. Additionally, studies have found that there are significant
gender differences in how and why students engage in Computing Education activities (Miller &
Horneft, 2017) which has implications for the engagement and motivation of students.

Learning Abilities in Computing Education: Gender Gaps

Another aspect that impacts the motivation and engagement of students in CS education is their
cognitive abilities. Zhang and Wong (2022) found a direct correlation between students’ (9—11-year-
olds) cognitive capabilities and their subsequent attitudes toward CT. Some research suggests that
there is no significant gender divide in Computing Education abilities when equal participation occurs
(Atmatzidou & Demetriadis, 2016; Jiang & Wong 2021; Sun et al., 2022; Sun & Liu, 2023). Although
there might be some distinction between the genders in CT and associated area acquisition (Jiang &
Wong 2021), this is currently not an area that researchers agree on. Other research found differences
in gender CT abilities at the middle to upper primary level, identifying a progressive gender gap
(Mouza et al., 2020; Roman-Gonzalez et al., 2017). Although studies identify that it can depend on
the Computing Education type, problem and the length of time given to gain the required skillsets
(Ardito et al., 2020; Atmatzidou & Demetriadis, 2016; Roman-Gonzalez, 2017). Boys at high school
often engage in Computing Education with greater frequency. Therefore, Master et al. (2023) observe
that the association between engagement and interest is likely also true for abilities.

Interestingly, a study with 294 over 16-year-olds, found that although males have a higher perception
of their abilities in CT than females, females’ perceptions tended to be more accurate than males
(Vani¢ek & Simandl, 2020). Whilst Atmatzidou and Demetriadis (2016) found that both genders
frequently acquire the same degree of proficiency in CT, time spent practicing CT is the most crucial
component. They point out that girls might require more time to attain the same levels of CT as their
male counterparts; however, as men typically spend more time on CT in general, it is unclear from
their research how much time males and females spent on CT before the study. A systematic review
completed with 12-15-year-olds found that stereotypes were rife in CS and hindered students’ interest
and career motivation (Spieler et al., 2020). They found evidence that girls felt they needed to be
overly intelligent rather than motivated to succeed in CS, which hindered their engagement (Spieler
et al., 2020).
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Papavlasopoulou et al. (2020), offer a potential explanation for the differing opinions in Computing
Education regarding gender and abilities. Their research found that females are no less competent
than their male counterparts but tend to approach Computing Education tasks differently. This
distinction may influence outcomes when girls are assessed on their coding abilities or motivations,
as some studies might inherently favour aspects that align more closely with boys' preferences. For
example, Sullivan and Bers (2013) highlighted that competitive environments often give boys an
advantage, potentially disadvantaging girls who might excel in collaborative or creative tasks.
Additionally, girls may gravitate toward specific types of Computing Education activities that are not
always reflected in standardised assessments. To address these disparities, it is essential to design
tasks and assessments that align with diverse learning styles and approaches, ensuring an inclusive
environment that effectively engages and supports girls in Computing Education.

Engaging Girls in Computing Education

Due to the gender gaps that prevail in CS, girls must be encouraged to develop their Computing
Education skills from the outset. Kong et al. (2018), suggest that it is important to consider and put
emphasis on what motivates girls to engage with Computing Education, as boys are more motivated
to be involved regardless. Various studies express the importance of exposure to Computing
Education to decrease the prevailing gender gaps (El-Hamamsy et al., 2023; Fagerlund, 2022; Gursch,
2022; Luo et al., 2020; Master et al., 2017). In addition, several articles have identified aspects that
support or develop girls' engagement in Computing Education, explored in the following section.
These include early exposure, role models, real-life concepts, utilising both unplugged and plugged-
in approaches, gaming and connecting to other curriculum areas.

Early exposure is important for gender equity in Computing Education (El-Hamamsy et al., 2023). A
research report from the United States considers that if exposure begins in the lower years of
schooling and is sustained throughout, this could in turn, triple the women in CS careers by 2025
(Accenture and Girls Who Code, 2016), although there is no literature to suggest if this is on track.
The report identifies several aspects in a three-stage approach that support girls to study and work in
computing. At junior high (approximately 12-15 years-old): "Deepen girls' hands-on experience;
change girls' perceptions of computing and support parents and teachers in understanding the wider
role of computing" (pp. 16-17). At High school (approximately 14—18-years-old): "re-design high
school computing courses to appeal to girls, create grassroots campaigns to motivate peer group
action and attract more women teachers" (pp. 11-13). At college we need to (18+): "inspire young
women towards a career in computing (through) role Models, retooled courses and summer
immersion programs, (by) giving Computing courses a makeover, offer female students immersion
programs and create female mentorship and role model programs” (pp. 14-16).

Several factors were identified that would facilitate engagement of women in CS (The Australian
Council for Educational Research, 2023) investigated factors supporting or hindering female students
DT participation. The study emphasised the importance of increasing educators' confidence and
awareness, and the need to relate digital technologies to real-world, inclusive contexts, making them
more relevant and accessible. Addressing the confidence imbalance among students was another key
recommendation, alongside ‘early exposure’ cultivating interest from an early age. The study
advocated for challenging the stereotypical portrayal of digital technologies and providing parents
with more information and resources to support their children. Additionally, clarifying that gaming
and coding represent only one aspect of digital technologies was also seen as essential. Finally, the
research underscored the importance of a stronger focus on encouraging young women to pursue DT
subjects and degrees (Banks et al., 2023).

Australasian Journal of Technology Education, Vol. 10, 2025 10



El-Hamamsy et al. (2023) also support many of the above concepts, including that girls have more
positive perceptions of CS if they have a role model close to them doing CS. Kong et al.’s (2018)
study found that linking CS to real-life problems, encouraging girls to participate in CS, and giving
them high recognition were crucial in engaging females and raising their sense of self-efficacy and
curiosity. Additionally, utilising a mixed plugged and unplugged approach has been found to support
the interests and engagement of both males and females (Sun & Liu, 2023).

Other studies have considered the relationship between incorporating CT with other subjects, such as
biology (Gursch, 2022; Kori & Luik, 2020; Corinna & Sabitzer, 2023). One study, undertaken with
high-school students in Slovakia and Austria found that incorporating CT skills and Biology — a
STEM area known to have equal representation of males to females — helped to motivate 26% of the
girls to be involved in CT, and 56% found the combination ‘interesting’ (Corinna & Sabitzer, 2023).
However, it is not clear from these results what interest levels would have been if integrating with
other science areas, which are considered to be not as popular with females. Integrating art and
animation into CS has increased girls' interest and consideration of pursuing a career in CS (Kori &
Luik, 2020). Gursch (2022) explored several approaches to engage girls in computer science (CS).
When interviewed about three activities offered, 47% of participants expressed interest in more
embroidery programming, while only 21% preferred additional game programming and 5% wanted
more time with robotics. However, other research suggests different patterns; for example, Accenture
and Girls Who Code (2016) found that girls who play digital games from an early age are four times
more likely to pursue careers in computing and coding. These contrasting findings highlight that
results may depend on the specific elements of Computing Education provided, which introduces
ambiguity and limitations to this literature review.

Discussion

The findings from this review highlight critical themes related to gender-related differences in
participation, motivation and engagement in CT and CS education. While much of the literature
agrees there are gender disparities and differences in Computing Education, there remains debate
around the key aspects of how and why these disparities occur and how to address these.

Males tend to engage with Computer Science more frequently than females, which can lead to higher
confidence and sustained future participation among males. However, when females are exposed to
Computer Education, their self-concepts and confidence in the subject increase, emphasising the
critical role teachers play in fostering engagement and providing opportunities in their classrooms.
Additionally, the debate around gender differences in abilities within Computing Education remains
inconclusive, further complicated by varying levels of engagement and the specific aspects of
Computing Education being assessed.

Research highlights several concepts in education that might impact girls' motivation, many of which
can be driven by schools and teachers, such as role modelling, greater teacher training, linking to
other curriculum areas and real-life concepts, and high recognition for effort. Additionally, early
exposure was identified by multiple articles, which again highlights the importance of teachers
including Computing Education in their classrooms and the need for the revamp or addition of these
curriculums at the primary school level. While strategies to engage girls in Computing Education
have been proposed, there is a lack of comprehensive studies and clear guidance on effectively
addressing gender gaps in Computing Education. This underscores the need for more targeted
research and evidence-based practices to create equitable and inclusive learning environments.
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A limitation of this review of literature is the language used to define CT and CS. Data are often
represented in terms of the generalised acronym ‘STEM’ rather than separated into individual fields.
This issue can be worsened by inconsistent terminology used in CS, particularly at the primary
education level, where different phrases and terminology might be used to express the same or similar
concepts. Different terms, such as coding, programming, CT, CS, STEM, Informatiks, ICT, digital
fluency are often used interchangeably as discussed above in the ‘what is Computational Thinking’
section of this review. Although advocating for a generic term might be plausible, it is unlikely to be
feasible due to the nuanced differences among the terms. While many overlap, they frequently have
distinctive features. One way to enhance clarity in research is by ensuring that all published studies
provide clear and consistent definitions of their terminology. This review identified a significant lack
of such definitions in many of the articles and studies analysed, which leads to ambiguity and hinders
the comparability and applicability of findings. Establishing precise terminology is essential for
advancing understanding and fostering meaningful discussions within the field.

Additionally, caution is taken when assuming that a short-term intervention might have significant
gains in changing girls’ perceptions or long-term goals, as found in a study by Lang et al. (2015).
Lang et al. (2015) developed a "digital divas" outreach program to increase girls' interest in computing
careers in Australia. Although the program increased girls’ confidence in computing, after taking part,
it transpired that the girls were still not likely (if not less likely) to pursue a career in computing.
Additionally, exposure to Computing Education alone might not be a positive experience (Master et
al., 2023). This perhaps highlights the increased need for greater teacher training and understanding
of what motivates girls to be involved in computing.

Furthermore, a challenge in the motivation and engagement of students in Computing Education is
how it is taught and assessed. Many of the above studies were quantitative, relied on testing or end-
data collection results and tended to focus on the upper-year levels of schooling, where the beliefs
and attitudes have already been formed (Roman-Gonzalez, 2017; Witherspoon et al., 2016). This
underscores the need for studies with a broader scope, encompassing diverse contexts, populations,
and methodologies.

Gaps in Literature related to girls’ motivation in Computer Education

Further research is needed to understand gender gaps in CT and CS education. Master et al. (2023)
and other researchers (Fagerlund et al., 2023; Kaur & Chahal, 2023; Lishinski et al., 2016; Lye et al.,
2014; Sharma et al., 2021; Ye et al., 2022) support the notion that further research is needed to
understand girls’ Computing Education motivation. Master and colleagues are currently undertaking
interviews with students to learn more about how stereotypes influence their engagement with CS,
although the outcome and publication date of this is unknown (University of Houston, 2021). Passey
(2017) identifies that greater emphasis is needed to understand what makes girls likely to engage in
Computing Education. He highlights that developing girls-only coding clubs or bringing in role
models is insufficient to change ongoing perceptions of Computing Education. In addition, he
specifies several questions that might help the future needs of CT, including:

What forms of pedagogy can teachers deploy to best support the development
of CT, problem-solving and creativity through programming skills, for the 5-
to-16-year age range?

What approaches enable learners of different ages to engage with CS or
computing?
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In what ways can this interest and engagement be maintained?

How can different groups of learners be supported most effectively in these
Respects? (pp. 439-440)

Two additional aspects pose limitations to this review. Firstly, the literature reviewed was all written
in English, with the majority of the articles originating from the United States, Canada, Hong Kong
and Europe. This geographic concentration may present a skewed perspective that is not fully
representative of global views. Secondly, the term "gender" was seldom clearly defined in the articles,
which could lead to inconsistent interpretations and limit the clarity and applicability of the findings
across different contexts.

Conclusion

This article examines the gender gap in Computing Education. CT and CS have become integral
components of educational systems. However, persistent gender disparities prompt the examination
of effective strategies to engage and motivate girls in CT and CS. Despite the apparent similarities
between CT and CS, the lack of universally agreed-upon definitions poses challenges in research and
understanding. The persistent gender gap in tertiary education and professional careers, along with
the underrepresentation of women in CS literature, underscores the importance of early engagement,
particularly for girls. The article advocates for diverse strategies, such as introducing role models,
real-life applications, and a mix of teaching approaches to bridge gender disparities in CT and CS
education. Despite acknowledging limitations, such as the absence of consensus on Computing
Education definitions and a focus on upper-level education in existing studies, the article highlights
the necessity for research to comprehend gender gaps, motivation factors, and greater clarity on the
effective pedagogical approaches for encouraging girls' participation in CT and CS.
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