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Abstract. The field of computer science has not shied away from employing
game-based learning and virtual reality techniques for computer programming
education. While a plethora of game-based, virtual reality or combinations of
both solutions exist, most are developed as an alternative to traditional lessons
where students focus on learning programming concepts or languages. However,
these solutions do not cater to problems students face when learning programming
that is mainly caused by the abstract nature of programming, misconceptions of
programming concepts and lack of learning motivation. Hence, in this paper, a
framework to address the abstract nature of programming, common programming
misconceptions and motivational issues is developed. The framework consists of
three modules that correspond to each issue powered by a simulation engine. To
address the abstract nature of programming, programming concepts will be repre-
sented with concrete objects in the virtual environment. Furthermore, to address
common programming misconceptions, simulation techniques such as interac-
tions and player perspective will be utilised. Lastly, motivational game elements
will be employed into the simulation to engage students when learning through the
system. Results gathered from questionnaires indicated that users were generally
satisfied with the virtual experience developed from the framework.
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1 Introduction

By the year 2024, it is predicted that the availability of computing-related jobs would
increase by twelve-point five percent [1]. This fact is also reflected in the enrolment
rates for computing-based courses where student admissions have increased by seven
percent from the year 2017 to 2019 [2]. However, recent reports show that the dropout
rates for computing courses is at nine-point eight percent which is the highest between
other Science, Technology, Engineering and Mathematics (STEM) based courses [3].

This is an issue that has concerned many researchers and has sparked and initi-
ated various studies to determine reasons for the high non-continuation rates. The rea-
sons commonly attributed to student dropouts have ranged from substandard teaching,
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negative experiences and low sense of belonging [4]. Furthermore, students who have
un-realistic expectations prior to joining a computing course can also contribute to the
decrease in retention rates because often, they fail to fulfil these expectations [5]. Conse-
quently, researchers like Tan, Ting and Ling [6] and Medeiros [7] have taken a different
approach and went on to investigate dropout factors from a learning perspective instead.
More specifically, these studies analysed issues that students face when learning com-
puter programming. Some of the main issues include the lack of learning motivation, the
abstract nature of computer programming concepts andmisconceptions of programming
concepts.

Due to the use of high-level programming languages that are designed to provide
a certain degree of abstraction from the details of the computer to the user, students
often find it difficult to understand programming concepts. Particularly, students find it
hard to relate programming concepts to real-life and how learning these concepts can
solve real world problems [8]. Due to this, students may feel unmotivated to continue
and participate in programming lessons. Moreover, students are also more prone to
developing misconceptions if they do not fully understand the programming concepts
introduced to them. This in turn, can cause unwarranted syntax errors when students
attempt to develop a program which further decreases motivation and ultimately leads
to student dropouts [9].

Over the years, researchers have come up with different solutions to make computer
programming lessons more engaging. For instance, the Game-Based Learning (GBL)
technique is commonly utilised where games are incorporated into the learning process.
This makes for a highly engaging way to encourage learning and has been proven to lead
to knowledge acquisition [10]. Other than that, virtual reality (VR) simulations are also
prominent for developing immersive lessons for the whole classroom. More recently,
researchers have also employed both techniques to develop solutions that maximise the
advantages of both GBL and VR.

However, existing GBL and VR applications are mainly focused on introducing pro-
gramming concepts and programming syntax. While this is good for students to acquire
the “gist” of programming, it does not help students understand how abstract concepts
like variables, lists and arrays works. Particularly, how these data structures are stored
and accessed in the computermemory. To further aid in the understanding of abstract data
structures, visualization and analogies are also necessary. This is important to offload
cognitive loads to better incorporate programming concepts into the mental models of
students [11]. Other than that, existing applications also do not address common mis-
conceptions to students. This is important as unaddressed misconceptions may lead to
problems as the student progresses through the course. Hence, this paper aims to reduce
the abstractness of programming concepts and address misconceptions in a motivational
and engaging manner.

2 Related Works

This section aims to highlight past works that are closely related to the system. More
specifically, applications that employ both GBL and VR will be reviewed. Along with
this, research gaps will be identified.
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2.1 Virtual Reality and Game-Based Learning

Related works presented in this section will feature VR applications developed to aid in
learning computer programming that incorporates game elements. In this context, game
elements refer to objectives that are presented to users. This can range frommaking users
complete challenges such as getting from one point to another for the sake of progressing
through the experience.

For instance, Vincur et al. [12] developed a VR experience called “Cubely”. Cubely
employs block-based programming in hopes to make learning programming seem more
approachable to new learners. The system features interactable cube blocks that can
be used to build small programs. These blocks are labelled with typical programming
statements such as for, if and else. The programs built with these blocks will then
act as commands to control an animated character in overcoming various challenges.
To test the feasibility of the system, a total of nineteen participants were recruited. The
system garnered positive feedback in terms of user friendliness and its immersive quality
compared to online code camps.

To aid in the learning of Object Oriented Programming (OOP) concepts, Bouali
et al. [13] developed a VR game known as “Imikode”. The basis of the system is to
allow users to program and observe how a specific set of code affects the virtual world.
The system allows learners to visualize concepts such as object instantiation, method
calls and get/set commands in the virtual environment. For instance, a fox appears in
the virtual environment when an object instantiation of a fox is made. The system also
features a character that issues out challenges and helps users throughout the experience.
As of now, there are no tests done yet to determine the feasibility of the system.

Similarly, Chen et al. [14] also developed a system that employed VR and GBL
techniques to help students learn programming. Essentially, the system encourages pro-
gramming learning in twoways. Firstly, the systemallows users to utilize code in creating
obstacles for game levels in the virtual environment. Secondly, users can also progress
through the game by completing programming-based tasks. This means that users that
are tasked with the role of the level designer will first employ “enemy robots” in the
virtual scene with commands that bares similarity to the Java programming language.
Users who then go through the experience must progress through the game by acquiring
hints and answering programming questions while overcoming obstructions that is set
up by the level designer. To determine the feasibility of the system, the authors organized
a bootcamp where the application is showcased. Results showed that out of fifty-three
participants of age nine to thirteen, fifty-two participants found that the system was
engaging and promoted learning effectiveness.

Segura et al. [15] also utilized block-based programming in developing a VR game
called “VR-OCKS”. The game requires users to complete puzzles by controlling an
ingame character. Users progress through the game by building programs that acts as
commands to get from one point to another while avoiding obstacles. The commands
are built with action blocks that represents basic programming concepts and such as
for loops, while loops and conditional statements. There are also blocks that represents
simple actions such as turn and move forward. Essentially, users place and combine
various blocks in the virtual environment to control the character. This allows users to
witness how the program that they have built works, fostering programming skills. To test
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the feasibility of the system, a total of forty participants were recruited. The participants
are then broken up where twenty of them have used the system while the other twenty
acted as the control group. Each group were then further divided to try out the “Kodu”
and “Blockly” block-based programming applications. The results from the experiment
showed that those who had experience with VR-OCKS completed twenty five percent
more levels than those who didn’t.

2.2 Research Gaps

There are three apparent research gaps that can be determined from literature reviewed
in the previous section. Firstly, all existing VR applications employing GBL are mainly
focused on introducing programming concepts with a heavy emphasis on syntax. This
means that there is a paucity of solutions when it comes to addressing common issues
faced by students when learning introductory programming. As established, the abstract
nature of programming canmake understanding concepts a gruelling task if one is unable
to form correct mental models. This can cause further issues such as misconceptions and
loss of learning motivation. Hence, a solution that addresses these issues are necessary
to enhance understanding of programming concepts beyond just learning the syntax of
a particular language.

3 Methodology

In order to reduce the abstractness of programming concepts and addressmisconceptions
related to programming in an engaging manner, we propose a virtual reality game. The
system mainly consists of three modules that is built with Unity 3D for the Oculus
Rift. Figure 1 shows a general framework of the system which consists of the abstract
module followed by the misconception module and the motivational module. Sects. 3.2
to 3.3 explains each module in better detail. However, considerations and reasons for
developing the system in a certain way is first discussed in Sect. 3.1.

3.1 System Considerations

Like any other system, some choices are made during the development process. These
ranges from the type of interactions to employ, the medium of instruction and the simu-
lation perspective. Figure 2 shows these in more detail. Firstly, there are predominantly
two type of interactions present in virtual reality simulations. Some systems employ
direct interactions with natural hand gestures such as grabbing and pointing while oth-
ers only allow indirect interaction through a user interface. Secondly, systems developed
for use in computing education can deliver interactive lessons with either a text-based
or block-based medium. The default medium for teaching programming is text-based.
The most popular system that employs block-based programming is Scratch where users
build small programs with command blocks. Thirdly, virtual simulations can be devel-
oped in the first perspective where the user control themselves and the third perspective
where the user controls another character.
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Fig. 1. Framework of proposed methodology.

According to Norris et al. [16], direct interactions with the environment can improve
knowledge acquisition. Consequently, Nederveen et al. [17] acknowledged that learning
through a first-person perspective can also improve knowledge acquisition. Hence, to
improve knowledge acquisition the system will employ direct interactions and will be
developed in the first-person perspective. To avoid the need to re-learn syntax, all tasks
presented to the user will be delivered with the text-based medium of instruction.

The system is developed with Unity 3D for the Oculus Rift. Frameworks such as
the Oculus Integration Package and the Virtual Reality Toolkit (VRTK) are used to
implement elements such as teleportation (locomotion), hand presence, interaction and
audio. Both frameworks provide useful scripts that speeds up the development process.

Physical Interact with
gestures (grabbing)

Interactions

Non-physical
Interact with UI
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Block

First Users control
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Fig. 2. System considerations.
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3.2 Abstract Nature of Programming Concepts

As seen in Figure 1, concepts such as variables, lists and arrays are represented in the
virtual environment with real-life objects to aid in the understanding of abstract pro-
gramming concepts. To determine suitable objects that can be used to represent each
concept, attributes such as the ability to label (to mirror how variable, list and array
names are used to “label” associated data) and store items (to mirror how values are
assigned to a variable, list and array) are taken into consideration. While objects like
buckets, envelopes and honeycombs are considered, drawers and lockers are picked
instead because it is more conventional to label and store objects in drawers and lockers
as opposed to buckets, envelopes and honeycombs. Figure 3 shows how the concepts
are represented in the virtual environment where variables, lists and 2D arrays are rep-
resented with drawers, a row of drawers and lockers consecutively. This allow students
to form concrete analogies to better understand the abstract concepts.

Fig. 3. Variables, lists and 2D arrays represented with drawers, row of drawers and lockers
respectively.

To show how data is stored and accessed in the computer memory, the system first
presents students with a line of code. This will act as the “challenge” students must
complete to unlock new challenges and levels. Particularly, students will be presented
with an assignment statement which consists of a data structure and a value. Students
are then required to grab the correct data blocks and place it into the correct drawer. For
example, if the challenge presented to the user is a variable declaration to assign the value
10 to a variable named total, students are required to grab the data block labelled with
the value “10” and place it into the drawer labelled with the variable “total”. Figure 4
shows the actions taken to successfully complete a challenge.

3.3 Misconceptions of Programming Concepts

As seen in Figure 1, the ability to interact with objects in the virtual environment in the
first-person perspective largely enables the misconception module to address common
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Fig. 4. Steps taken to complete a challenge: (1) Assignment statement presented as the “chal-
lenge”, (2) Data blocks represent values, (3) Drawer representing the variable with purple snap
zones that act as visual aids. (Color figure online)

misconceptions. Firstly, to allow students to feel a real sense of presence, left and right-
hand aliases that resemble real-life hands are employed into the system. With the use of
the default Oculus Rift touch controllers, natural hand gestures in the virtual environment
such as grabbing and placing objects are possible. Consequently, snap zones provide
visual interaction cues to further facilitate interaction. This enables students to efficiently
carry out the tasks presented to them.

For the case of addressing programmingmisconceptions, the necessary actions taken
to complete the challenge is similar to the one described in the previous section.However,
instead of just placing data blocks into corresponding drawers or lockers, students must
first identify whether the code presented to them possess any syntax errors. If so, students
must identify the mistake and place the corresponding “error message” block onto the
output station. For example, if the code presented to the user is 5 = count, students
must grab the error message block labelled with “wrong assignment” and place it onto
the output station (Fig. 5). Since this is a first-person simulation, students who initially
could not identify why the code given is incorrect would eventually realise their mistake.
For instance, if the student attempts to place the data block labelled with “count” into a
drawer labelled with 5, the system simply does not allow this to happen. Consequently,
by enforcing the action of placing the data block into the drawer, students can more
easily comprehend why the structure of an assignment statement is declared a certain
way.

Fig. 5. Misconception example: (1) Code presented to user is syntactically incorrect, (2) Error
message blocks, (3) Output station where error message blocks are placed.
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3.4 Motivation

As seen in Fig. 1, game elements such as a narrative context, instantaneous feedback
and achievements are employed into the system to incite motivation. Firstly, a narrative
context is introduced to students before they embark on any challenges in the tutorial
scene. Students will be informed that they are currently in the computer’s memory where
data is stored. Then students would be told that their job is to act as the computer’s
“assistant” to manage incoming code that is entered by a user. Particularly, students are
required to manage how data is stored and accessed in the computer’s memory. This
gives student’s a sense of purpose, making it easier for students to participate in the
simulation.

Secondly, instantaneous feedback is present in the system in the form of audio cues.
Quite simply, the actions taken by the student is guided throughboth positive and negative
audio ques. While the negative audio cues are used to indicate mistakes made, positive
cues are employed to provide a confidence boost which can increase motivation to finish
off tasks presented by the system.

Lastly, the system also features an achievement system that rewards students with
virtual “trophies” after successful completion of challenges for a particular concept
(Fig. 6). This acts as an indication of progress, as well as to foster user engagement.

Fig. 6. Trophies that can be earned during the course of the simulation.

4 System Evaluation

The systemwas evaluated with the aid of 13 participants between ages 17 to 20, of which
11 were female and 2 were male. 6 of the participants have had taken general computer
science courses and were quite knowledgeable in some programming concepts albeit
having no actual programming experience. On the other hand, 7 of the participants have
never taken any computing-based courses. Hence, they were first briefed on some of the
concepts that will be introduced in the virtual experience such as variables, lists and 2D
arrays.
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The participants were then asked to complete a series of tasks in the virtual envi-
ronment with the Oculus Rift device equipped with a workstation that is rigged with
a NVIDIA GeForce GTX 1080 GPU. After completing all the tasks, questionnaires
were given out to assess and evaluate the system. The questionnaire mainly consists of
questions that aims to judge user satisfaction and perceived outcomes of the developed
system. Table 1 and Table 2 shows a summary of responses gathered from participants
that were based on the Likert Scale.

Table 1. Summary of responses from satisfaction survey.

1 (Strongly
dissatisfied)

2
(Dissatisfied)

3
(Neutral)

4
(Satisfied)

5
(Strongly
satisfied)

Mean

Representation
of variables as
drawers in
aiding
understanding

8 5 4.38

Representation
of lists as a row
of drawers in
aiding
understanding

7 6 4.46

Representation
of 2D arrays as
lockers in aiding
understanding

6 7 4.54

Interactions
with virtual
objects in aiding
misconceptions

4 9 4.69

Presence of
audio cues in
promoting
motivation

1 2 4 6 4.15

Presence of
achievements in
promoting
motivation

1 1 4 7 4.31

Presence of
narrative role in
promoting
motivation

4 9 4.69
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Table 2. Summary of responses from perceived outcome survey.

1
(Strongly
disagree)

2 (Disagree) 3 (Neutral) 4 (Agree) 5 (Strongly
agree)

Mean

I now feel more
motivated when
learning
programming

3 6 4 4.08

I prefer to have
analogies
presented to me
visually in the
virtual
environment
then spoken
about in class
verbally

2 3 8 4.46

The simulation
is a good
supplement to
lessons taught
in a traditional
classroom

3 10 4.77

I prefer learning
programming
through games

1 3 9 4.62

I prefer learning
programming
through virtual
reality
experiences

6 7 4.54

I now feel more
confident about
my
programming
skills after the
experience

1 3 4 5 4.00

5 Discussion

For analysis of the data gathered from the post survey, the average mean is calculated
for every question. As seen in Table 1, participants were generally satisfied with the rep-
resentation of variables, lists and 2D arrays as concrete objects in accordance to aiding
their understanding of the concepts. This is mainly due to the fact that common objects
such as drawers and lockers were easier to comprehend and the possibility of interacting
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with the objects made previously abstract concepts more concrete. Participants were
also satisfied with the way common misconceptions were simulated and addressed in
the virtual experience. For instance, when presented with a syntactically wrong assign-
ment statement, the nature of the simulation requires that the mistake is identified and
corrected. This is done with assigning error message blocks to the output station as seen
in Fig. 5. Lastly, while satisfaction scores for the presence of a narrative context, trophies
and audio cues in promoting motivation were generally satisfactory, some participants
expressed disaffection in terms of not getting celebrative cues such as confetti to make
trophy collecting a more joyous experience. In terms of audio cues, some felt that the
sounds were not loud enough.

Most participants agree that they feel more motivated to continue learning program-
ming and thought that the simulation was a good complement with traditional classes.
While most of the responses were positive, some may still prefer traditional lessons over
unconventional mediums such as games. This may largely depend on whether the indi-
vidual is an auditory or visual learner. Most participants also seem keener to learn with
virtual reality experiences with some describing the experience as fun and new. In terms
of perceived confidence levels, participants who had never taken any computer-based
courses were more reluctant when it comes to feeling more confident after the experi-
ence. This may be attributed to a lower sense of belonging since they did not have prior
knowledge on these concepts compared to those who have taken computing courses.

6 Conclusion and Future Work

This paper outlined several issues related to learning introductory programming. Firstly,
is the need to address the abstractness of programming concepts where a framework is
proposed to represent programming concepts as concrete objects in a virtual environ-
ment. Secondly, is the need to address misconceptions of programming concepts where
a simulation design for misconceptions of programming concepts. Thirdly, is the need to
incite intrinsic motivation when learning programming. To handle these issues, a frame-
work that combines the potential of virtual reality and game elements was proposed.
According to data gathered from questionnaires, we can conclude that the identified
issues were mitigated accordingly.

In the future, further work can be done to complement the system. Particularly, in
terms of providingmore support for different programming languages. This would allow
the system to be used by a wider range of audience so as not limit the learning of multiple
programming languages. Furthermore, the current framework can also be used to aid
understanding of more complex data structures such as trees or graphs. As for further
improvements, the current framework can also be combined with other technologies
such as haptics. This would aid in considerations regarding the implementation of hap-
tics technology, particularly for education purposes. Lastly, the framework can also be
adapted and revised to explain abstract topics in other domains such as engineering,
science and mathematics.
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