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Abstract—This paper provides a review of the current state of
the gender gap in computer science and highlights how
immersive games can mitigate this issue. Game-based learning
(GBL) applications have been shown to successfully incite
motivation in students and increase learning efficiency in both
formal and non-formal educational settings. With the rise of
GBL, researchers have also used virtual reality to provide pupils
with a more immersive learning experience. Both GBL and
virtual reality techniques are also used for computer
programming education. However, there is a paucity of
applications that utilize these techniques to incite interest in
computer science from a female perspective. This is a cause for
concern as immersive games have been proven to be capable of
inciting affective motivation and fostering positive attitudes
towards specific subjects. Hence, this review summarises the
benefits and limitations of GBL and virtual reality; how males
and females respond to certain game elements; and suggestions
to aid in the development of immersive games to increase female
participation in the field of computer science.

Keywords—Computer science education; game-based learning;
gender; virtual reality

I.  INTRODUCTION

The projected number of degrees awarded to females was
estimated to increase from 39 percent in 1966 to 61 percent in
2019 [1]. Despite the increasing number of degrees awarded to
females, only about 35 percent of them are enrolled in Science,
Technology, Engineering, and Mathematics (STEM) courses
[2]. To make matters worse, the dropout rate for female
students is 23 percent higher than for males in STEM courses
[3]. The gender gap is most prominent in the field of computer
science, where estimates of the ratio of male to female
enrolment at tertiary level are approximately 70:30 as of 2019
[4]. This may be attributed to the gender gap in computer
science advance placements (AP) test-takers where there were
52,574 males to just 17,111 females in 2019 [5]. Collectively,
all this data means that females make deliberate decisions
when it comes to not pursuing a career in the computer science
field. Although there are several contributing reasons for this,
the main factor stems from stereotypical representations of
STEM-related fields that implicitly deter females and give
them an incorrect perception of what the field is made of [6].

Due to low female enrolment rates in computer science,
there is a lack of diversity in the computing workforce.
According to data provided by the United States Department of

Labour’s Bureau of Labour Statistics (BLS), computer-related
jobs are projected to rise by 12.5 per cent from 2014 to 2024
[7]. However, there is still a substantial difference between the
number of female employees and the number of male
employees in computing professions, with approximately
1,226,000 females compared to 3,578,000 males [8]. This is
also prevalent in the field of academia, where only 15 per cent
of professorial computing positions are held by females [8].
Ultimately, this implies that the consequences of low female
enrolment rates in computing courses reflect upon the
workforce. This is a cause for concern as diversity is crucial to
stimulate and trigger innovative solutions to problems in the
field.

Il. RELATED WORKS

In recent years, the game-based learning (GBL) technique
is widely used in educational contexts to foster knowledge
acquisition, skill acquisition, and engagement in students [9].
To further enhance student participation in the learning
process, GBL is also frequently combined with virtual reality
and augmented reality. Previous reviews ( [10], [11], [12] )
have covered the benefits of the use of games for programming
education. There have also been reviews ( [13], [14]) that
highlighted the use of virtual reality in education. More
recently, there are also reviews ( [15], [16] ) that discussed the
prevalent gender gap in computer science and virtual reality-
based research. However, there is a relative paucity of reviews
that explored the possibility of utilizing immersive games to
increase female participation in the field of computer science.

Therefore, this review aims to foster more research in the
development of immersive learning applications to reduce
gender gaps in computing. Fig. 1 provides an overview of the
topics discussed in this review, starting with why diversity is
important in computing and factors that influence female
participation in computing. Other major topics can be found in
the “Results” section in this review where GBL and virtual
reality are explored concerning their application in education
and computer programming education to determine if the
utilization of these techniques may aid in increasing female
participation in the field of computer science. Furthermore, an
overview of how males and females perceive game elements
are also discussed to further aid in promoting the development
of more female-centric immersive games on computing
education.
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Fig. 1. Overview of the Review Paper.

I1l. IMPORTANCE OF GENDER DIVERSITY IN COMPUTING

With technological advancements in recent years, more
jobs in the field of computing are expected. With 598,700 job
openings annually from 2018 to 2028, compared to 290,200
jobs for non-computing STEM subjects, the demand for
computing graduates has increased and will continue to grow
for several years to come [17]. Since this is the case, the
enrolment rates for computing courses have also increased by
5.4 percent in 2019 since the previous year [18]. Even so, just
27 percent of females are working in computer-related careers
[19]. The gap is more significant in academia, where it is
estimated that it would take about 118 years to close the gender
gap between authorships and publications related to computer
science [20]. This is a cause for concern because diversity will
bring different perspectives to the table in terms of
understanding and designing solutions for a wide variety of
individuals. Take car crash dummies, for example, that are
modelled based on a man’s body. According to a study by the
University of Virginia [21], females have a 47 percent greater
chance of facing serious injuries compared to males due to the
inaccurate representation of the female body through the
dummies. This issue persists in technology where females are
more likely to suffer from virtual reality headset-induced
motion sickness at 77 percent compared to 33 percent for
males [22]. The authors conclude that this is due to the
difference in physiological structure of both genders and
suggest that manufacturers address aspects of design that are
related to one’s ability to stabilize their bodies. Ultimately, if
these issues continue to persist, the accessibility of new and
upcoming technology will only be limited to only part of the
population, further perpetuating the already wide gender gap in
the field of computer science.

IV. FACTORS AFFECTING FEMALE PARTICIPATION IN
COMPUTER SCIENCE

Throughout history, the field of computer science has been
inherently dominated by males. This is largely due to
traditional perceptions of how certain genders are deemed
more “suitable” for the pursuit of certain fields. For example,
the fields designed to be better suited for females include
nursing, teaching, and homemaking. Undoubtedly, this propels
them to pursue the previously mentioned careers as parental
approval directly influences one’s career choices [23]. This, in
turn, increases the gender gap and further decreases the sense
of belonging of female students in the field of computer
science. Because the sense of belonging is a strong motivator
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for the interest of female students in the field of computer
science, this creates a never-ending cycle [24]. The lack of
female representation also accelerates the lack of interest in
females to pursue computer science. In a study conducted by
Hussain et al, female role models can help remove the negative
consensus related to computer science [25].

Furthermore, how computer science classes are conducted
can also be unappealing to females. In a study conducted by
Giannakos et al, poor teaching, excessive workload, and boring
classes also contributed to high dropout rates [26]. Syllabi that
include real-world problems instead of abstract ones are crucial
in making the class seem more interesting [27]. This can be
achieved by addressing relevant topics of interest to females,
such as developing applications, that may help people or
animals. Other than that, grouping strategies that foster
cooperation and discussion can also be effective [28]. This is
because females prefer to work in groups and have a lower
level of confidence in themselves and their abilities [29]. As
for their male counterparts who have a higher level of
confidence in their skills, they often prefer to work on their
own [29]. However, because there are often more males than
females in computer classes, collaboration can also be an issue.
In combination with stereotypical perceptions, females may
feel shunned and are therefore unable to participate in class
[30]. According to Hoegh and Moskal, the most likely step in
eliminating the declining numbers in computer science
enrolment is to understand the students’ attitude to the field
[31]. Despite having equal access to computers as their
counterparts, females generally have a negative attitude
towards computing and are found to be less concerned about
anything that involves computing [32]. Consequently, Jo
Tondeur et al found that females also have a less positive
attitude compared to males towards computers in general [33].
The societal perceptions of computing-related careers can also
increase cynicism in females. For example, students are made
to believe that those with computing careers have to face
computers all day long and that it will make them seem
unsocial [34]. This problem stems mainly from a lack of
understanding on what professionals do in different fields of
computing. Researchers at Carnegie Mellon University found
that many students picture computer science students to be
intense hackers, which can also be unappealing to those that
have aspirations to do more than technical work [35]. In
response to this, changes were introduced in the curriculum to
emphasize that there is more to computer science than just
being a “hacker”. Since then, from just seven female students
from a total of 95 students in 1995, it was reported that 105
female students were enrolled into the computer science course
from a total of 211 students in 2018 [36].

Lastly, the lack of exposure at an early age also contributes
to the gender gap issue. Most computer games and early
educational software have been developed and designed
predominantly with boys in mind [37]. This, in turn, could
explain why males today are more familiar with computers and
seem to have a head start in classes. This, coupled with the
stereotyping that has been mentioned, may intimidate females
and lead to early termination of the computer science class or
course in higher levels of education. This can also cause a
decrease in the confidence of one’s technical skills and
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abilities, which in turn, further inhibits female participation in
the field of computer science. However, in a study conducted
by Chen, although males had more motivation than females
due to prior experience, males were outperformed during the
performance evaluation [38]. This means that given the right
instructional simulations, even learners without computing
experience can outperform those with computing experience
effectively. Consequently, according to LaBouliere et al,
females may also face a dip in confidence if they are unable to
observe their finished product [39]. Hence, to address these
concerns, immersive games can be developed to foster interest
as well as motivation in computing.

V. SURVEY METHODOLOGY

Now as we understand the importance of diversity in
computing and the factors that affect female participation in
computing, the aim of this review which is “to foster more
research in the development of immersive learning applications
to reduce gender gaps in computing” becomes more important.
To support the aim of this review, the following research
guestions were constructed.

RQ1: What are the benefits of GBL and VR on computing
education and how can this reduce the gender gap in
computing?

RQ2: What are proposed game elements that can be
employed in immersive learning applications to reduce the
gender gap in computing?

To answer the research questions posed above, this review
will be conducted systematically according to the steps as
detailed in sections IV A to C.

A. Definition of Keywords

To determine how GBL and VR can promote female
participation (RQ1), keywords and search terms such as
“Game-based learning AND Education” and “Virtual reality
AND Education” were first used to first identify how
immersive techniques affect learning in general. Keywords
such as “Game-based learning AND Computer education” and
“Virtual reality AND Computer education” are then used to
identify how both GBL and VR affect computing education.
Furthermore, to determine elements that should be employed in
immersive learning applications in promoting female
participation (RQ2), the keyword “Gender AND Games” were
used.

B. Literature Sources

The search for literature is done through Google Scholar to
ensure that there are no biases towards certain databases. It is
estimated that almost sixty percent of systematic reviews
published fail to retrieve ninety-five percent of available and
relevant literature [40]. Hence, the use of a search engine such
as Google Scholar would ensure the review includes a more
comprehensive sample of literature. To ensure that only the
most relevant literature is collected, searches were limited to
twenty pages deep and were sorted by relevancy.
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C. Inclusion and Exclusion Criteria

In this review, literature was also analysed through specific
inclusion and exclusion criteria as listed below.

Inclusion criteria

e Literature relevant to keywords specified.

e Literature that is written in the English language only.

Exclusion criteria

o Literature that is duplicated.

o Literature with an abstract only.

Moreover, to ensure that the sources were relevant and
suitable for this review, literature was also further analysed
through the steps detailed below:

o Analysis of title and abstract.
e Analysis of introduction and conclusion.

o Analysis of entire article.

VI. RESULTS

Fig. 2 below shows the breakdown of the number of studies
selected for each research question during each step of the
screening process. Articles that were found to have satisfied all
the criteria are discussed in the sections below.

Articles Screening
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Fig. 2. Article Screening Overview.

A. Game-based Learning in Education

Contrary to more conventional forms of teaching, those
who use educational games or simulations for learning have
exhibited positive feedback on knowledge acquisition [41].
Educational games are considered a more organic way of
learning because those engaged in gaming from an early age
acquire cooperation and thinking skills [42], [43]. For instance,
Li et al [44] developed a quiz game resembling “Who wants to
be a millionaire” to engage students to learn the Chinese
language. The feedback from elementary school students who
played the game is mostly positive since students have enjoyed
learning through games. Consequently, Yan and Tam [45] also
observed the same results after employing a game based on
Chinese history. About 81 percent of the participants liked to
learn through games and 70 percent conveyed that they gained
knowledge from the game. Hence, by using educational games
in a classroom environment, students can be more engaged and
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encouraged to actively participate in lessons because GBL
focuses on students instead of teachers [46]. This, in turn, will
improve students’ success from a learning perspective [47],
[48], [49], [50].

Apart from engaging students, inciting motivation is also
important to ensure that students continue to enquire and
participate in the learning process. Cezar et al [51] proposed a
Role-Playing Game (RPG) in which participants are required
to solve calculus problems to advance through the game. About
83.3 percent of the participants felt motivated to finish the
game. Similarly, according to a survey conducted by Yong et
al [52] on the feasibility of digital games in mathematics
education, 51 percent agreed that mathematics could be more
interesting with the use of games. Furthermore, 48 percent
agreed that digital games could help with the learning process.
Consequently, Lo and Lin [53] proposed a digital board game
where the player is allowed to move forward if the
mathematical question raised to them is answered correctly.
The findings from this study showed a significant difference in
attitude before and after the games were played. By
incorporating games into the learning process, students will be
exposed to interactive learning experiences, increasing interests
towards a particular subject matter.

The use of games in the learning process can also be used
for the achievement of motor, spatial and cognitive skills.
Hogle et al [54] found that those who were trained using a
laparoscopic simulator showed an improvement in operative
performance and depth perception compared to those who did
not use the simulator. Similarly, Stefanidis et al [55] also
showed positive results in which participants achieved suture
proficiency by using a simulator. In the case of secondary
tasks, longer training times are needed to achieve higher
proficiency. Furthermore, research done by Green and Bavelier
[56] has shown that frequent gamers are more proficient when
it comes to tracking simultaneously two more items than those
who often don’t play. This is also seen in another experiment
conducted by Feng et al [57], where the results have shown
that when female players were exposed to an action game, both
spatial and attentional skills were increased. Barlett et al [58]
found that cognitive skills such as memory and auditory
perception can also be improved despite playing for a short
time only. This fact is supported by Piaget [59] who states that
play is integral and evolves with the different stages of
cognitive development.

B. Disadvantages of Game-based Learning

The advantages of GBL, however, depend very much on
the design of the game itself [60]. The game must be designed
in such a way as to force the player to achieve learning
objectives while not being bogged down by the objectives of
the game itself. Simply put, this is a contradiction that is
difficult to overcome, considering that games are played only
for fun, while GBL requires the players to accomplish external
goals that are not “fun” [61]. Another limitation to GBL is that
players can get bogged down with the idea of the game itself
that they cannot think about what they’ve learnt [62]. For
example, students may tend to focus on how their scores
compare to that of their classmates rather than the learning
objectives that are set for them to achieve. Other than that,
GBL applications are usually infused with narratives to engage
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users. However, this can lead to confusion on the part of the
user, as it is often difficult to distinguish between fiction and
non-fiction. This phenomenon is prevalent in the results of the
research conducted by Huizenga et al [63], in which pupils
participate in a game to learn the history of medieval
Amsterdam. The team incorporates fictitious narratives to
further engage the pupils. This resulted in some confusion as to
the actual historical facts and fictional elements of the game.

C. Virtual Reality in Education

Virtual reality is also prominent in tertiary education, where
it is used in a variety of fields. Dinis et al [64] proposed a
software program that allows students to design their three-
dimensional virtual environment. By doing so students would
be able to explore and apply what they have built up in civil
Engineering situations. Likewise, Kharvari and Hohl [65] used
virtual reality methods for reproducing the virtual form of a
building for architecture students to study the precedents of a
particular structure without the need for a field visit. The fact
that virtual reality is capable of replicating how lightning
behaves in a room also favours lightning education as proposed
by Boyles et al [66]. Students would be able to interact with
different lightning scenarios that are unlikely to exist in the real
world.

Furthermore, intending to increase the engagement of
students in the field of history, Zhang et al [67] suggested the
use of the popular building game, “Minecraft” to build exact
replicas of historical monuments. With this, students would be
able to map the virtual experience to the knowledge they have
gained in a traditional classroom setting. Hence, with the
ability to directly interact with the virtual environment,
students would be more willing to participate in lessons. By the
same token, Lugrin et al [68] developed a virtual reality-based
museum where visitors can experience interactive exhibitions
without the need to travel to the actual museum. Since virtual
reality is capable of effectively reproducing real-life scenarios,
Caluya and Santos [69] proposed an authoring tool to study
clouds for weather reporting purposes. Depending on the
behaviour and appearance of the clouds, the participants in this
study are exposed to different sky conditions and how these
two factors relate to each other.

Moreover, virtual reality technology is widely used in
medical training where live biomedical samples are not always
available for training purposes. For instance, Seo et al [70]
developed a virtual experience focusing on canine skeletal
systems in which participants were able to freely observe and
assemble the corresponding limbs. Similarly, de Mauro et al
[71] proposed a simulated neurosurgical microscope to train
and educate brain surgeons. The simulation focuses mainly on
surgical procedures, as well as brain tissue-mimicking to help
surgeons determine normal and low-grade glioma tissues.
Comparably, Rajeswaran et al [72] developed a virtual
experience to instruct medical professionals on endotracheal
intubation surgery. Dong et al [73] proposed the integration of
virtual reality and haptic feedback to simulate the preparation
of cryogenic samples. With haptic feedback, biomedical
professionals would be able to learn the best way to handle
samples, as the equipment involved in Cryo-Electron
Microscopy is expensive and delicate.
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In summary, virtual environments can be developed to
provide access to inaccessible places and tools for educational
purposes. The utilisation of virtual reality in education also
makes the learning process more interactive, which can
increase student participation.

D. Disadvantages of Virtual Reality Utilisation in Education

Despite its advantages, the use of virtual reality in the
context of education also has limitations. According to Mathur
[74], despite being able to provide access to inaccessible
medical resources, specialised virtual reality systems in the
medical field are still prohibitively expensive for widespread
adoption. To counteract this, low-poly graphics could be used
to build an application because they require less processing
power and can make the game run smoothly. This is especially
essential for virtual reality games developed for education, so
as not to deteriorate the learning experience. Furthermore,
because virtual reality applications use Head Mounted Device
(HMD) conventional input devices, such as mouse and
keyboard, are no longer usable and are instead replaced by
controllers. This can be seen in a virtual experience designed
by Lei Wei et al [75] that uses Microsoft Kinect controllers.
The controllers have been reported to be inaccurate and
counter-intuitive, which has undermined the experience of the
participants. Virtual reality education systems may also not be
sufficiently engaging for users to continue to use them. For
example, applications developed by Hsiao et al [76] and Hsieh
et al [77], who developed a virtual campus for educators to
teach online and a virtual museum respectively, reported a lack
of engagement from participants.

E. Game-based Learning for Computer Programming
Education

To make programming more engaging and improve
learning, GBL is also often integrated into programming
lessons. For instance, Mathrani et al [78] employed the
“LightBot” game which required participants to control an
animated robot to the end of a maze with the use of blocks
representing commands that are similar to code. With a total of
twenty participants, the consensus regarding the game was
positive in which they found the game to be interesting, fun,
and ranked the game as effective in instilling programming
concepts like conditionals, functions, and recursion. Olsson
and Mozelius [79] tested a memory game that involves
matching values to particular data types and a syntax error
“bombing” game on sixty-five total participants. Results from
the study indicated that both games were successful in
effectively helping students practice data types and Python
syntax. More specifically, a total of forty-nine students found
the games helpful for learning.

Wong and Yatim [80] developed a game called “The
Odyssey of Phoenix” to aid in the learning of Object-Oriented
Programming (OOP) concepts. This is done by mapping game
processes to concepts. For example, the concept of inheritance
is mapped to the crafting element in the game where resources
required by both the main and nose gear can be shared since
they both belong to the gear category. To measure the
effectiveness of the game, pre and post-tests results were
compared and analysed from 214 first-year students. Results
from the study showed improvements in terms of learning
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effectiveness, leading to the conclusion that GBL is a great tool
for knowledge acquisition. Papadakis and Kalogiannakis [81]
developed a quiz platform based on multiplayer online role-
playing games (MMORPG) where students can complete
programming-based quests and challenges. By conducting
surveys on thirty participants from a high school in Greece, the
study concluded that the participants were engaged and
motivated when completing the challenges presented to them.
The authors concluded that GBL is useful in promoting
learning outcomes for typically strenuous and difficult subjects.
Furthermore, Oyelere et al [82] developed a “MobileEdu-
puzzle” game for programming education. The game works by
making students arranging misarranged lines of code. Over
fifty-one students who participated in the study, seventy
percent expressed that they were able to effectively learn
programming with the experience.

These findings make GBL an ideal tool to motivate and
increase participation when it comes to learning how to
program. According to Santos et al [83], students appreciate
the challenges that come with programming-based games as
well as the achievement system to keep them motivated.
Furthermore, Taylor et al [84] found that the development of
computational thinking skills can also be enhanced by
incorporating  block-based  programming into  GBL
applications. However, students with prior programming
experience have found games with increasing difficulty levels
to be tiring. It is therefore important to consider the
participants’ knowledge of programming when developing a
programming-based game. Various approaches discussed in
this section are summarised in Table I.

TABLE I. SUMMARY OF GAME-BASED LEARNING APPLICATIONS FOR
COMPUTER PROGRAMMING EDUCATION
Author(s) Methodology Outcome

Improved learning
effectiveness and
engagement

Programming a robot

Mathrani et al [78] with command blocks

Olsson and
Mozelius [79]

Memory game to teach
data types

Improved learning
effectiveness

Wong and Yatim Mapping OOP concepts
[80] to in-game activities

Improved learning
effectiveness

Improved learning
effectiveness and
engagement

Programming based quiz

Kalogiannakis [81] game

Programming based
puzzle game

Improved learning

Oyelere et al [82] effectiveness

F. Virtual Reality for Computer Programming Education

Alternatively, virtual reality can also be used to make
programming classes more immersive and efficient. Pears et al
[85] argued that visualisation is necessary to reduce the
distance between the programming language and the student’s
mental models. For example, Vincur et al [86] combined both
VR and game elements with block-based programming to
introduce basic programming concepts called “Cubely”.
Cubely consists of cubes that represent programming concepts
that can be arranged to form blocks of code. In other words,
students must build code from code blocks to control the
character to overcome challenges. Results from this study
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showed that over nineteen participants, eighteen preferred
using Cubely due to the ease of use over typical code
bootcamps available online.

Tanielu et al [87] developed a VR experience called
“OOPVR” to reduce the abstractness of OOP concepts with
analogies. To help students better understand the relationship
between classes and objects, OOPVR uses a blueprint of a
house to represent a class where many houses can be built from
the same blueprint, signifying that multiple objects can be
instantiated from a class. Various analogies were done in a
similar manner throughout OOPVR to represent concepts like
encapsulation, methods, and instances. To evaluate if the house
analogy was effective in visualizing OOP concepts, the authors
analysed results from a total of seventeen participants.
Compared to the pre-questionnaires, post-questionnaires
revealed that the participants showed higher confidence when
it comes to visualizing OOP concepts. Bouali et al [88]
developed a VR game called “Imikode” to help students
familiarise themselves with OOP concepts. The system allows
students to create virtual worlds with code. For instance, to
instantiate an object, the command “fox = new Fox()” is used,
creating a fox in the virtual world. The authors, however, have
not yet done tests to determine the effectiveness of the system.

Consequently, Chen et al [89] developed a VR game that
allows students to create levels to challenge their peers. Before
starting the game, the student playing the role of the level
creator will write codes in the virtual environment to place
robot characters around the environment that will act as
obstacles. Students who then play the game are required to
acquire hints scattered around the virtual environment while
overcoming the obstacles set up by the previous student. In a
sense, students will be able to judge the effectiveness of their
own code depending on how the system reacts. The authors
claim that students of age nine to thirteen who tried the game
have provided positive feedback in terms of engagement and
learning effectiveness. Segura et al [90] developed a VR game
called “VR-OCKS?” that requires students to use code functions
represented with blocks in the game to complete puzzles. To
test the effectiveness of the system, twenty participants that
have played VR-OCKS and another twenty participants who
didn’t play the game were recruited. Each group of twenty
participants was further halved to complete challenges
synonymous with the puzzles presented in VR-OCKS in
“Kodu” and “Blockly”, two popular systems that utilise visual
programming to help students learn programming. Results
indicated that those who played VR-OCKS before were able to
complete twenty-five percent more levels than those who
didn’t. A summary of the approaches discussed in this section
is shown in Table II.

G. Gender and Games

Throughout the years, many studies have been carried out
regarding games and gender. The results of these studies have
shown that gender preferences are a key motivator when it
comes to playing specific game types [91], [92]. Considering
how GBL has proven to be an effective tool for education,
gender preference considerations are important in ensuring
equal participation. Thus, the purpose of this section is to shed
light on factors that appeal to a specific gender when it comes
to games, specifically digital games. Lastly, game

Vol. 12, No. 5, 2021

characteristics that are disliked by females will also be
presented in this section.

To determine the preferred game design characteristics of
different genders, Spieler and Slany [93] compiled programs
developed by participants on the Pocket Code platform using a
visual programming environment. In terms of game genre and
themes, it is found that both females and males used the
adventure genre in their games. However, males prefer the
space theme whereas females prefer the nature-based themes.
As for game mechanics, both genders used experience points
as rewards and challenges in the form of missions in which
there is an achievement system. The presence of leaderboards
in male-created games is a key difference between the genders.
This fact is supported by Hassouneh and Brengman [94] who
argued that males value achievement more than females.
Consequently, although challenges in games remain the main
motivator for both genders, young men are more motivated by
games that engage players to reach higher levels as well as
beating the game [95]. When it comes to game aesthetics, the
narrative, sensation, and fantasy elements are used by both
genders but are more apparent in female-created games. The
exploration element is, however, exclusive to games created by
female pupils, where challenges of the game will lead to the
discovery of new parts of the virtual world. This statement also
coincides with the argument of Zhou et al [96], where games
that include exploration and experimentation elements are
generally preferred by female players.

TABLE II. SUMMARY OF VIRTUAL REALITY APPLICATIONS FOR
COMPUTER PROGRAMMING EDUCATION
Author(s) Methodology Outcome
Vincuretal | Code blocks to solve Users preferred this approach
over traditional online
[86] challenges
bootcamps
Tanielu etal | Mapping OOP concepts Users showed higher confidence
[87] to in-game activities in understanding OOP concepts
Bouali et al Forming worlds virtually -
88] with code No findings
Chen et al Level creation with code Improved learning effectiveness
[89] and engagement
Segura et al Solving challenges with Imoroved learning effectiveness
[90] programming blocks P Y
TABLE Ill.  SUMMARY OF FINDINGS REGARDING GENDER AND GAMES
Author(s) Findings

Space and nature themes preferred by male and

Spieler and Slany [93] females correspondingly.

Hassouneh and

Males value achievement more than females.
Brengman [94]

Males focuses on reaching higher levels and

Lucas and Sherry [95] beating the game.

Females prefer exploration and

Zhou et al [36] experimentation.

DeCamp [97] Violence is preferred by males.

Females do not appreciate negative portrayals of

Hanh [98] female characters.
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Most games portray female characters as weak individuals
who are often rescued by males to attract players. As a result,
females do not enjoy or avoid games because they do not
appreciate the negative portrayals of female characters [97].
Similarly, violence in games is also one of the main factors
contributing to a low number of female gamers. Whereas males
are more interested in violence in games, females are less
interested in violence [98]. In essence, the low rate of female
participation in computer science means that there are more
male game developers, who in turn, design and develop games
that mainly attract males. This, in turn, lowers the number of
female gamers that creates a negative cycle. Table Il shows a
summary of all the findings from the studies mentioned.

VII. DISCUSSION

Inaccurate stereotypes that are instilled by society regarding
computing have negatively affected females in many ways.
Stereotypical depictions of computing foster negative attitudes
towards the field, perpetuating the already large gender gap.
This issue also affects females who are already in the field
where they are often deemed as less capable compared to their
male peers. This lowers their confidence levels and sense of
belonging which often leads to student dropouts. Ultimately,
this is the root of the issue that must be immediately resolved.

Furthermore, it is worth discussing how the use of GBL
and virtual reality or combinations of both techniques can help
solve issues related to the gender gap in computing (RQ1). In
section VI A, it is seen that the utilisation of games in
education is capable of increasing student motivation. When
lessons are presented in the form of games, students are more
willing to participate in lessons. As seen in section VI C,
virtual reality enables students to experience unconventional
situations that may be inaccessible in real life due to costs and
safety reasons. Compared to learning from a textbook, the
unconventional presentation of lessons in the virtual
environment can also lead to increased participation. It is also
important to note that the combination of both GBL and virtual
reality techniques may solve some limitations related to one or
both approaches. For example, some virtual learning
experiences ([76] and [77]) were reported to be non-engaging.
Considering that game-based applications are capable of
engaging students, this problem can potentially be fixed by
employing game elements into the virtual experience.
Moreover, both GBL and virtual reality applications
specifically developed for computing education have reported
outcomes such as increased learners’ satisfaction and general
improvements to the learning process (Table | and Table II).
Seeing how females often lose interest in computing due to
boring and abstract lessons, the use of immersive games can be
used to simulate how code can be used to solve real-world
problems that are more interesting. Immersive games can also
foster cooperation with multiplayer modes that are beneficial in
increasing the sense of belonging of females in computing.
Thus, this makes GBL and virtual reality or the combination of
both techniques suitable for increasing female participation in
the field of computer science.

Unfortunately, outcomes such as increasing female
participation remain scarce in immersive programming games-
based research. Existing applications highlighted in this review
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are mainly focused on learning syntax and programming
concepts. While existing solutions are effective in retaining
those, who are already enrolled in computing-based courses, it
does not provide the necessary “appeal” to initiate female
interest towards the field. Hence, we require solutions that are
specially catered to increasing female participation as it is
found that females are more likely to play games that are
designed with them in mind [99]. To aid in fostering more
research in this area, the “Gender and games” section aims to
help future researchers employ game elements that are more
appealing to a female audience (RQZ2). As seen in Table IlI,
some of the game elements that should be implemented to
foster female interests when developing immersive games
pertaining to computing education include implementing
exploration, experimentation, space, and nature themes. Other
than that, the application developed should not feature any
violence, negative portrayals of female characters and should
not focus too much on achievements.

VIIl. SUGGESTIONS FOR FUTURE WORK

There are multiple takeaways from the literature reviewed
in this paper. To increase the sense of belonging of females in
the field of computing, immersive games developed especially
for this purpose should focus on promoting confidence. Since
the relationship between confidence and sense of belonging is
directly proportional, future work should be done by keeping
this fact in mind [100]. This may be done by accessing
potential factors that demote confidence and using elements of
immersive games to mitigate the issue. For example, [39]
observed that females face a dip in confidence when they are
unable to immediately observe the results of their work. A
potential solution for this is to develop a system that allows
users to instantly see the effects of their code writing as seen in
Fig. 3. In both game and virtual environments, this can be
achievable by changing or slightly altering in-game
environments to match user-written code.

To ensure female students do not lose motivation when
learning computer programming, retention is important. Hence,
it would be worthwhile to develop frameworks that can
effectively balance the “fun” and “learning” components of
game-based applications. This is important in educational
contexts as the system should be able to foster motivation to
learn without being too distracting to users. In other words, in-
game goals should not overpower learning outcomes. Fig. 4
shows a general flow diagram of how to determine the game
elements that motivate but do not distract users to balance the
“fun” and “learning” elements mentioned previously.
Essentially, researchers should use the flowchart depicted in
Fig. 4 to determine, first, if a specific game element incites
motivation, then to determine whether that element is also non-
distracting before deciding to implement that element in their
system. As far as virtual reality is concerned, future works
should be aimed at developing experiences for the masses.
Regarding software, the use of low-poly graphics should be
explored in such a way as to allow accessibility for those with
lower-end peripherals. This is necessary to ensure that female
students would be able to utilise these tools, regardless of their
socio-economic backgrounds.
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Eg: Code inputs,

User Input in-game actions

Allow users to leamn
from mistakes

Is input
correct?

Eg: Enable
retrying until input
is correct
Instantaneous
feedback

Eg: Changes in
in-game
environment

Fig. 3. Flowchart of a System that Allows for Instant Feedback.

Eqg: Narrative
contexts,
achievement

Game Element

Do not implement
element in system

Eg: Divert users
from achieving
learning
outcomes

Do not implement
element in system

Implement element in
system

Fig. 4. Decision Flowchart Determines whether Game Elements are Capable
of Inciting Motivation without being Distracting.

To aid female students who do not have prior programming
knowledge, further research can be done to identify the issues
faced by students when learning introductory programming.
Specifically, determining why it is difficult for students to
understand the concepts of variables, arrays, loops, and if
statements. As it stands, most research concerns factors such as
lack of intrinsic motivation, perception, and socio-economic
backgrounds as a reason for students not to do well in
computer programming. Hence, a deeper insight into how
students perceive programming concepts without the use of
immersive games is necessary to develop appropriate solutions.

Finally, to further increase female participation in the field
of computer science, more research should be done to
determine how different genders respond to the elements of the
game in an educational context. For example, one can continue
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to determine how males and females react to a high scoreboard
in an educational immersive game. Consequently, it is also
possible to find out how the high score board impacts the
confidence levels in both genders. By doing so, it will be
possible to decide whether to include certain elements when
developing the system. Specifically, this is useful for
developing educational systems for fields of study with large
gender gaps, as in the case of females in computing.

IX. CONCLUSION

This paper provides a review that highlights reasons
affecting female participation in computing with a focus on
how stereotypical perceptions of computers prevent females
from seeking careers in computer science. Additionally, the
advantages of GBL, such as the ability to foster intrinsic
motivation and knowledge acquisition, are also discussed in
detail, along with their disadvantages in educational settings.
Existing game-based applications for computer education are
also highlighted, looking at how they work and how they
compare to each other. This review also sheds some light on
existing virtual-game-based applications and how virtual
reality is used in education, specifically in the computing field.
Lastly, a summary of how males and females respond to
different game elements and their preferences is also discussed.

Along with this, discussions and several suggestions have
been made regarding further research that can be done.
Suggestions include a flow-chart to increase female self-
efficacy and sense of belonging to the use of computing
immersive games, developing frameworks that balance “fun”
and “learning” elements in immersive games, identifying how
students struggle with understanding programming concepts
and analysing how different genders react to certain game
elements. The purpose of this review is to encourage more
research in the development of immersive learning applications
to reduce gender gaps in computing.
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