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Abstract
Introductory programming courses pose a challenge to stu-
dents and teachers alike. This is due, in part, to the fact that
students struggle to maintain engagement with the course-
work, and this has been shown in turn to have a negative
effect on knowledge acquisition. Game-Based learning sys-
tems have emerged as a powerful medium to circumvent
this problem, and, as a result, they have seen undergone
substantial investigation in both theoretical and practical
applications in recent years, yet the question of how they af-
fect student engagement is still under debate. One argument
as to why this is the case is that games are too broad of a
topic to effectively research and should instead be broken
down into core elements of games whose effects on introduc-
tory programming can be studied individually. This project
presents an analysis of the narrative element of games and
introduces it as a valuable aspect of game-based learning
systems that has a positive effect on student engagement in
an introductory programming course. To put this hypoth-
esis to the test, an educational introductory programming
game was developed with toggle-able narrative elements.
Experimental research was conducted to measure the dif-
ference in student engagement between the narrative and
non-narrative versions of the game.

CCS Concepts: • Computer Science Education→ Teach-
ing Introductory Programming; • Game-Based Learning
Systems→ Narratives; Story Telling; • Applied Comput-
ing → Interactive Learning Environments.

1 INTRODUCTION
Introductory programming has been shown to be a common
point of attrition for students looking to study Computer
Science [3, 5]. Statistical analysis of 161 CS1 courses taught
in 15 countries concluded that there is a global mean pass-
rate of just 67.7% for introductory programming courses
[50]. Part of this problem is due to the fact that current
pedagogical approaches towards teaching introductory pro-
gramming struggle to maintain student engagement. These
approaches tend to work for some students yet cause many
other students to disengage from their coursework [18]. This
disengagement has been shown to have a negative effect on
knowledge acquisition and information assimilation [34].

Solutions to this problem have been introduced, with
Game-based Learning (GBL) systems emerging as a popular
mechanism to counteract the problem of student engage-
ment in introductory programming courses [21, 43, 45]. The
issue is that although GBL systems as pedagogical tools for
teaching introductory programming have seen largely pos-
itive results in both theory and practical application, they
are highly variable. The reason for this high degree of varia-
tion and unpredictability when it comes to measuring the
effectiveness of game-based learning systems and pedagogi-
cal tools is understood to stem from the fact that games, as
systems, are too vaguely defined and encapsulate too broad
a range of elements to yield any pertinent and consistent
research conclusions[27]. Current literature indicates that an
effective strategy to circumvent these varied results is to iso-
late particular elements of games and test the effect that said
particular element has on student engagement in isolation
[27, 53]. In this way, hidden variables are accounted for by
measuring the differences in student engagement when the
selected element is present within the game-based learning
solution and when it is not.

1.1 Problem Statement
It has been definitively established that, in certain contexts,
digital game-based learning can be an effective tool to in-
crease student engagement[9, 12, 16, 29, 52, 54]. However,
there is a distinct lack of research into which elements of
games would be best suited to facilitate student engagement.
Digital games are typically complicated and varied systems
utilising a host of different game design principles that are
interconnected, making it difficult to benchmark or evaluate
results when conducting research into educational games
[27, 53]. The literature indicates that when conducting re-
search on the effectiveness of game-based learning systems,
it is better to experimentally evaluate different game design
elements in isolation to determine their impact on student
engagement.
Narratives are utilized in games, other forms of popular

media, and education to tie linked concepts together to form
an over-arching thematic concept [20, 39]. They have also
been shown to be reliable sources of engagement and emo-
tional attachment [10, 32].
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Research indicates that Game-based learning systemswork
best as a pedagogical tool when utilized hand-in-hand with
other, more traditional pedagogical methods [23, 27]. Fur-
thermore, it has been demonstrated that students struggle
to maintain engagement with the material taught in intro-
ductory programming courses [18].

This suggests that the introduction of narrative elements
into game-based learning systems may help to solve some
of the problems facing game-based learning systems as a
pedagogical tool for student engagement in introductory
programming courses. This is because narrative elements
have been shown to be reliable sources of sustained, intrinsic
engagement, which is an indicator of improved knowledge
acquisition in an introductory programming context, [34]
and introductory programming courses struggle to main-
tain [18]. Furthermore, narrative elements are useful as a
tool to tie linked concepts together to form a thematic con-
text. Therefore, the introduction of narrative elements into a
game-based learning context may allow for teachers to eas-
ily associate concepts within the game-based system with
concepts taught using other pedagogical strategies.
This research paper attempts to take meaningful steps

toward solving the problem of student engagement in in-
troductory programming courses and goes on to posit that
narrative elements in game-based learning systems have a
positive effect on student engagement in introductory pro-
gramming courses.

1.2 Aim
To answer the research question, a game-based learning
system that has toggle-able narrative elements will be im-
plemented. In being able to play the game with and without
narrative elements, the effect that narrative elements have
on student engagement in the context of an introductory
programming course can be isolated and comparatively eval-
uated.
The game-based learning system will function without

narrative elements and will incorporate some of the elements
that game-based learning systems utilize that are known to
help people learn introductory programming. For example,
displaying visual objects that represent an abstract concept
like for-loops or if-statements can help students to conceptu-
ally understand what purpose those programming concepts
have.

A person playing the game will have to solve introductory
programming challenges in order to complete it. These chal-
lenges will cover specific introductory Computer Science
topics and will get progressively more difficult as a player
advances through them.

In narrative mode, the player will be able to interact with
the game-world in ameaningful way that will provide further
narrative substance to the game and appeal to the players
emotional responses while playing, in an attempt to provide

intrinsic motivation for a player to continue interacting with
the game-based learning system.

2 BACKGROUND
2.1 The Problem of Introductory Programming
Learning introductory programming poses a challenge to
many students [19, 25]. In fact, there is an inordinately high
attrition rate of 30-40% for Computer Science majors, with
the majority of them opting to drop out during introductory
programming courses [3, 5]. One understanding of this per-
ceived difficulty is due to programming not being a single
skill, but rather an application of a set of skills [3]. There is
extensive research in this field - towards identifying, describ-
ing and preventing causal factors that contribute towards the
perceived difficulty and high drop-out rates of introductory
programming courses [46].
Learning introductory programming calls for continued

motivation and engagement. This is something that teachers
struggle to instill in their students, and students struggle to
maintain [18]. Disengagement from introductory program-
ming has been shown to lead to a decrease in student par-
ticipation, information assimilation and overall knowledge
gain [34]. On the other hand, maintained engagement with
introductory programming courses tends to result in mean-
ingful acquisition of knowledge [11, 34] and has been shown
to have a statistically significant effect on academic achieve-
ment [11]. Students tend to approach programming with
motivations that stem from different sources [24]. Some stu-
dents are intrinsically motivated by sheer interest in the
coursework whereas others are motivated extrinsically by
factors like the desire for financial stability and social pres-
sure. Students that are intrinsically motivated have been
found to generally struggle with their programming course-
work less than those who are extrinsically motivated [25, 44].
This provides a motive to curate introductory programming
courses that are intrinsically motivating in order to increase
student engagement and knowledge acquisition within the
coursework.

A given student’s cognition also comes into play. Learners
have been shown to absorb knowledge in different ways.
Some students respond positively to static learning envi-
ronments while others respond to dynamic or interactive
learning environments [25]. The challenge in introductory
programming courses is then to teach coursework in such a
way that these different learning styles are accommodated
for so as to maximize knowledge acquisition across different
learning styles [49].
Much literature has been written on the topic of how

best to design introductory Computer Science courses, ac-
counting for student cognition, learning styles and learning
environments [4, 33, 48, 49, 51]. There is still significant de-
bate about best approaches towards teaching introductory
programming courses [45], but recent trends in pedagogical
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strategies for introductory programming have embraced the
concept of gamification and game-based learning systems,
with largely positive, yet highly variable, results [4, 31].

2.2 Gaming-Based Learning Systems
Gamification is a strategic approach that derives from the
domain of game design and involves developing informa-
tion systems and mechanics that incorporate game design
elements, which are intrinsically motivating[21], to aid pro-
ductivity and engagement within a given system [7, 26].
Although gamification has been extensively researched, it
suffers from an imprecise definition. It is described by De-
terding, Dixon & Khaled (2011) [15] as a means of applying
’gamefullness’, ’gameful interaction’ and ’gameful design’ in
non-game contexts. This contrasts other definitions, such as
Al-Azawi, Rula & Al-Faliti (2016) [1], who describe gamifica-
tion as the process in which a system as a whole is turned
into a game. For the purposes of this project, we introduce
the term GBL, or Game-Based Learning to refer to the pro-
cess of creating a game for the express purpose of teaching
something. Game-based learning systems differ from con-
ventional gamification practices in that they do not borrow
features and mechanics from game design, but rather they
leverage video games as a distinct medium of conveying
information [1, 14] and take advantage of unique aspects
of gaming to create more comprehensive learning environ-
ments and increase knowledge acquisition [1].

Research into Game-based learning systems in educational
environments indicates that they are an effective pedagog-
ical tool [27, 35, 38, 53]. They are not without their faults
though, as game-based learning systems as pedagogical tools
in an introductory programming context have seen varied,
yet largely positive, results in the literature. This has been
attributed to the fact that games, and as a result, gamification
and game-based systems are subject to too much variation
and too vaguely defined to yield any pertinent research con-
clusions [15, 27].The literature indicates that an effective
means of counteracting these varied results is by isolating
one particular element of games and testing the effect that
said element has on student engagement in isolation [27, 53].

2.3 Narratives in Game-Based Learning
Narrative, or storytelling, is a spoken or written account of
connected events. It serves to tie linked concepts together
to create an over-arching thematic context [20, 39]. As an
individual experiences a narrative, they progressively con-
struct models of meaning that represent the elements and
characters within the narrative based on experiences and
knowledge they already have [10]. Critically, an individual
finds themselves updating their mental models as a narrative
progresses [55]. Narrative elements also motivate people to
engage with a system. There is extensive research in this field
[10, 40] and substantial conclusions have been drawn about
the positive effects of narratives on engagement [10, 32].

Narrative elements are important parts of what constitutes
a game. The ability to engage [10], transport [6, 20] and draw
emotion [13] out of a player contributes massively to said
player’s sense of enjoyment and satisfaction while playing
[8, 20, 22]. Little conclusive research has been published on
the specific effects of narrative and storytelling elements on
player engagement within gaming [13, 27]. Many papers,
however, suggest there is a strong correlation [13, 37, 42].

One crucial distinction between narratives in gaming and
narratives in other forms of media is the fact that a person
playing a game with narrative elements is not only being
told a story, but they are an active participant in shaping
the construction and outcome of the narrative [39]. This
means that as a character in a game, a person must actively
engage with the game in order to achieve a desirable narra-
tive outcome. Salen & Zimmerman (2004) [41], found that
other elements of gaming (goals, conflict) interact with nar-
rative elements and, with the player as a character, result
in a greater degree of narrative comprehension and immer-
sion. This is naturally conducive to educational games as
pedagogical challenges can be set that, when solved, help
the player to actively further the narrative.
Alongside this, narrative elements are already littered

throughout pedagogy [2, 28]. For example, story sums in
maths classrooms are a manner of leveraging the ability
of narratives to tie associated elements together and link
them in a grander thematic context [20, 39]. This results in
students garnering not only a deeper understanding of the
coursework, but also a deeper understanding of the greater
scheme into which the coursework fits [28].

The effect of narrative elements in a game-based learning
system have not been extensively, or precisely researched.
This is due, in part, to the fact that game-based systems are
composed of multiple elements and subject to wide variation
[21, 23, 53] and narrative elements are an often overlooked
aspect of gaming, as other popular forms of media (film, print,
etc.) utilize narrative elements in a more obvious and central
way [39] and are therefore a more popular medium of study
when looking at the effects of storytelling on introductory
programming, or more broadly, education [28].

3 SYSTEM & DESIGN
Python is the programming language which students playing
the game-based learning system utilize to solve challenges.
This choice was made because Python is understood world-
wide to be an accessible language to learn due to its perspic-
uous syntax that places an emphasis on natural language
and its general ease of use. Furthermore, the first-year intro-
ductory Computer Science course, as well as the extended
introductory Computer Science course taught at the Univer-
sity of Cape Town (UCT) use Python as the introductory
programming language of choice. Because play-testers and
research study participants were sourced from UCT, Python
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became the obvious programming language of choice to
feature in the game-based learning system.
Unity was used to implement the GBL system. Unity is

real-time development software that is immensely popular as
a video game development platform. The primarymotivation
for implementing the narrative game-based learning system
using Unity instead of a game engine built in Python was
because of the general lack of Python game engines that
support 3D game design. Furthermore, Python game engines
that do support 3D game design were deemed to be too light
weight for the task given the time constraints. Unity was
considered to be the best choice to make because of the
host of tools and features it contains that means less time
need to be spent creating a minimum viable product and
it allows for more time to be spent developing substantial
game mechanics, narrative elements and a fully-realized
game world. Opting to use Unity introduced a new technical
challenge to overcome due to the fact that Unity is written
in the programming language C# (C-Sharp), a Python to
C# interpreter had to be implemented. This interpreter take
scripts written in Python, converts them to equivalent C#
scripts and executes said C# scripts on various game objects
defined within Unity. This challenge is covered in greater
detail in its own subsection, 3.1.2.
Due to constraints on the amount of time play-testers

would spend playing the game-based learning system, and in
trying to appeal to the broadest possible range of play-testers,
it was decided that a simple and comprehensive narrative
was the best choice. This was done in the hopes of making
the narrative elements within the GBL system as universally
accessible as possible. In the narrative version of the game,
a cut-scene is displayed in the beginning which shows an
astronaut leaving his family behind on a journey to space.
The rocket ship carrying the astronaut is suddenly damaged
in a meteor shower and crash lands on an alien planet. Af-
ter the cut-scene, the astronaut identifies that the internal
computer system on the rocket ship has gone down and that
they need to fix it to leave the planet and return to their
family. The coding challenges are designed to seamlessly fit
into the narrative of the story, as the scripts that the player
writes become the code which makes the internal computer
systems of the rocket ship function again. After the player
completes the tasks they are assigned with, they see another
cut-scene of the rocket ship, now working, flying away from
the alien planet. This narrative was designed to be simple,
yet effective and to contain elements of transportation and
emotional connection. It was also designed to be modular,
in the sense that it can be removed from the GBL system
without rendering the system to be unplayable or confusing.

Players experience the game as the astronaut attempting
to fix their ship. In the main scene, They have a third-person
view of the astronaut and can navigate using the "WASD"
keys on the keyboard. The camera can be panned around the
astronaut using the mouse. To interact with objects in the

game-world, the player presses the "E" key on their keyboard.
While solving coding challenges, the player cannot see the
astronaut character and they can no longer move or pan
the camera. Instead, they are shown a graphical depiction
of the coding challenge they are attempting to solve and
are provided with a user interface panel on the right-hand
side of the screen. This user interface panel functions as the
"computer" into which the player writes scripts and runs
code. The UI panel contains a text box with two toggle-
able buttons labelled "In-scope Elements" and "Description".
Clicking the "In-scope Elements" button updates the text
box to show the pre-defined functions that the player has
access to, how they are called, and what values they return.
Clicking the "Description" button updates the text box to
describe the tasks that the player needs to solve in order
to complete the coding challenge. Below this text box is a
user input field where scripts are written and processed. An
example script is included in the beginning, to show the
player how to interact with the in-scope elements provided
to them through code. Below the user input field is another
text box that displays simplified terminal output to the player.
Finally, there are two buttons labelled "Run Code" and "Exit"
beneath the terminal output box. Clicking the "Run Code"
button interprets the player written code in the user input
field from Python to C# and executes the written C# code on
objects defined in Unity. Pressing the "Exit" button returns
the player the to main scene.

3.1 Fundamental Programming Concepts
The 2013 ACM Software Development Fundamentals [47]
identifies the essential competencies that an undergraduate
computer scientist must develop. The competency "Funda-
mental Programming Concepts" encompasses basic concepts
of programming languages that students must become profi-
cient in. For the purposes of this research project, a subset
of these fundamental programming concepts were selected
to be taught in the narrative game-based learning system.
These are listed below:

1. Variables and primitive data types
2. Expressions and assignments
3. Conditional and iterative control structures

• if-statements
• for-loops

4. Functions and parameter passing
• players will not need to write their own functions
but will need to call pre-defined functions.

The coding challenges within the GBL system have been
constructed in such a way that there is a logical separation
between the different fundamental programming concepts
that are covered. There are three different programming
scenes within the game, each scene ties into the overarching
narrative of the game in a unique way and requires the player
to write short scripts to solve minor coding challenges. The
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"Electricity Scene" is the first coding challenge that the player
undertakes. The player is required to utilize their understand-
ing of variables, primitive data types, expressions, assign-
ments and type casting in order to complete the challenge. In
terms of the running narrative, this challenge is portrayed as
the player attempting to fix the generator aboard the rocket
ship and direct incoming power to the correct locations in or-
der the get the electricity working again. The "Water Scene"
is the next scene. The player needs to write a script for the
ship’s water pump that determines if incoming water is clean
or not. If it is clean, it can be sent straight to the on-board
water tank. If it is impure or too acidic, it needs to be sent to
the purification tank first. This scene builds upon the players
understanding of conditional expressions and if-statements
to solve. In the final scene, the "Engine Scene", the engine
is broken down into two sections. Each section has a num-
ber of ’chambers’ that are responsible for generating energy.
Section one requires the player to calculate the total energy
produced by the section by iterating through each chamber
in the section and calculating the additive total value. Sec-
tion two requires the player to iterate through each chamber
in the section, using a pre-defined function to determine if
a given chamber is broken, and if said chamber is broken,
fixing it using another pre-defined function. This section
relies on the player having some knowledge of for-loops
as well as slightly more advanced introductory Computer
Science concepts such as calculating additive total values
and effectively utilizing if-statements within for-loops.

There is a logical ordering to the scenes. They have been
designed to increase in complexity as the player progresses,
and they build upon concepts covered in previous scenes.
The player has to solve the Electricity scene first, the Water
scene second and finish with the Engine scene. This ordinal
system with the scenes echoes into the narrative elements
too. If the player tries to interact with a scene before they
have completed the pre-requisite scene(s), a subtitle will pop
up that ties the ordinal nature of the scenes into the story line.
For example, if a player attempts to interact with the Water
scene before completion of the Electricity scene, the subtitle
"Looks like I need to get the electricity up and running again
before I can fix the water system." appears.

The visual aspects of the coding challenges have also been
considered. Screenshots of each scene are illustrated in Ap-
pendix B. For example, the visual elements that accompany
the challenge described in the water scene provide a medium
to convey to the player what they need to do to complete
the scene in a way that is less abstract than the description
of the scene.

3.2 Python to C# Interpreter
Since scripts in Unity are written in the language C#, and
players will be writing Python code, it became necessary to
implement a Python to C# interpreter that allowed a player
to write short Python scripts in the game and have them be

interpreted and subsequently executed in C#. IronPython
[17] is an open-source implementation of the Python pro-
gramming language which is tightly integrated with .NET
(the framework upon which C# is built). Using IronPython,
Python programs can integrate with applications written in
other .NET programming languages, such as C#. IronPython
has been used to interpret the user’s Python code during run-
time, which allows them to manipulate objects in the Unity
environment. Objects in the Unity game-world that can be
interacted with via code are attached with specific scripts
that specify their name as well as the functions included in
the script that the interpreter has access to. This is to prevent
players from being able to call functions that induce a crash
or undesirable game state and was implemented by utilizing
the proxy class structural design pattern, called controllers,
that allows the programmer to control which elements and
functions of a class another class has access to. The drawback
of this structural design pattern is that it introduces many
more seemingly useless classes into the project, but for the
implementation of project with relatively few classes like
this one, it worked well.

3.3 Toggle-able Narrative
To effectively test the impact that narrative elements in game-
based learning systems have on student engagement in the
context of learning introductory programming, the game
was designed in such a way that narrative elements could be
toggled on or off. This is first displayed to the player when
they open the game, they are taken to a main menu that
has two buttons. The first button is labelled "play narrative
mode" and the second is labelled "play non-narrative mode".
To have the option of playing the game with or without
narrative elements allows for user engagement metrics to
be compared between the two ways of playing the game
and allows for valuable insight into the efficacy of narrative
elements as a tool for fostering student engagement.

In narrative mode, a cut-scene is shown before the player
is placed into the game-world to provide meaningful context
and create emotional attachment between the player and
the character they play as. This is also used to establish a
narrative reason for the player to complete the challenges.
Once the game starts, subtitles are displayed at the bottom as
a means of indicating the internal dialogue of the astronaut
to the player. Different dialogue options show up when the
player interacts with or completes challenges in the game
world. The subtitles serve as a mechanism to draw the player
in and provide them with a running story-line. Finally, the
narrative mode contains special objects on the ship that
can be interacted with by pressing the ’E’ button on the
player’s keyboard. When interacted with, special dialogue
options appear that function to appeal to the empathetic
responses of the player by further fleshing out the nature of
or relationships within the world as expressed through the
narrative.
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In non-narrative mode, There are no cut-scenes, subtitles
or interact-able objects that do not directly relate to coding
challenges. Note, non-narrative mode is not entirely devoid
of narrative elements. Players may infer a non-verbal nar-
rative based entirely on the props, setting and atmosphere
of the game. Alongside that, upon completion of all the pro-
gramming challenges, a cut-scene plays that shows a rocket
ship leaving a barren planet. In narrative-mode, this cut-
scene is accompanied by dialogue in the form of subtitles. In
non-narrative mode, there are no subtitles in the cut-scene.

Minor narrative elements were kept in the non-narrative
mode of game for a multitude of reasons. First and fore-
most, many elements of games bleed into each other. The
visual element of games is appealing for reasons other than
just contextualizing a narrative, yet, it is very difficult to
entirely remove narrative aspects from the visual elements
of games. As a player experiences the visual aspect of a
game, they receive non-verbal information that leads them
to automatically construct a contextual interpretation of the
game. This contextual interpretation of the game serves as
a rudimentary narrative in the absence of a strictly defined
story line. Furthermore, the vast majority of game-based
learning systems provide feedback to the player upon com-
pletion of tasks or challenges within the GBL system. This
is an effective means of motivating the player to complete
the tasks assigned to them [1, 36] and creates a satisfaction
based reward-system for the player. In keeping these minor
narrative elements in the non-narrative version of the game,
we are avoiding potentially skewing our data by not consid-
ering the other aspects of games that may have an effect on
student engagement that a strict narrative may introduce.
For example, only including aesthetic, visual elements in
the game in narrative mode means that if there is a change
in the level of student engagement between narrative and
non-narrative mode, it may be due to the effect of visual
elements in the game and not the introduction of a narrative
to the game-based learning system. Including minor narra-
tive elements is therefore a means of mitigating the unseen
variables that may only serve to skew the accuracy of the
research.

3.4 System Architecture
There was strict emphasis placed on maintaining simplicity
and clarity when it came to the software architecture of the
GBL system. This strict emphasis was put in place for two
reasons. One, the time constraint to get the GBL system into
a place where it could be effectively play-tested was shorter
than was ideal. This meant that the game-based learning
system had to be as simple and modular as possible to ensure
that bugs in the software could be quickly identified and fixed
or cut out of the end product. Two, the entire system needed
to be modular in order to reliably be able to play the game
as intended in narrative or non-narrative mode. This meant
that all narrative-related classes and constructs needed to

be able to be removed from the game-based learning system
without creating an unhealthy game state or introducing
bugs.
The Singleton design pattern is a popular design pattern

that is known to hurt a project in the long run in most cases.
For this reason, it was avoided where possible. The only
instance of it being implemented in the GBL system was
to ensure that only one object that could play background
music existed at a given point in time. The reason this design
pattern worked in this situation is because the MusicHandler
object was isolated from the rest of the codebase and there-
fore did not introduce dangerous coupling into the structure
of the project.
In trying to avoid using Singletons, a public static class

called CustomGameManager was implemented which func-
tioned as a globally accessible object that stored multiple
booleans that maintained the state of the game. For exam-
ple, when narrative mode was selected from the main menu
screen, CustomGameManager.NarrativeModeEnabled was
set to true and then the main scene was loaded. This func-
tioned in a similarmanner to Unity’s PlayerPrefs class, except
it did not store data between sessions as there was no need
to be able to save one’s progress when playing the game.
SubtitleManager and SceneManager were the two major

classes that handled core functionality within the game. Both
of them functioned as the single wherein their assigned tasks
could be handled. There is no way to create a subtitle without
calling a function of the SubtitleManager and similarly, there
is no way to move between scenes without calling a function
of the SceneManager. These objects functioned to maintain
modularity in the codebase and to allow for easier debugging
throughout the project.
Unity’s UnityEvent system was utilized as a built-in Ob-

server design pattern to define ’listener’ objects that listen
for triggers before executing a block of code. For example,
the WaterChecker script ’listens’ for the event when the ship
scene is loaded after the water scene has been completed,
and when it is triggered, updates water objects in the scene
to look like they are flowing through pipes.

4 METHODS & TESTING
4.1 Experiment Design
The narrative game-based learning system was designed
in such a way that a full play-through of the entire game
amounted to around 25minutes on average. This was deemed
to be an acceptable amount of time for a player to get a feel
for the game-based system as a whole and to absorb the
narrative elements in their full capacity without repelling
potential research participants due to the promise of long
time commitments. To ensure the game-play was kept to
roughly 25 minutes, two current first year Computer Science
students and one second year student were contacted and



Comparing Student Engagement in Educational Programming Games Final Project, 20/09/2021, University of Cape Town, South Africa

asked to gauge the difficulty and amount of time they would
take to complete the given tasks within the game.
To gather quantitative information about a given play-

testers experience of the game and their sense of engagement,
a survey was designed in line with the standards described
in the User Engagement Scale [30]. This approach towards
measuring user engagement subdivides the notion of engage-
ment into measurable sub-factors. These factors are; Focused
attention, feeling absorbed into the interaction and losing a
sense of time. Endurability, the overall success of the interac-
tion and users’ willingness to recommend an application to
others or engage with it in future. Felt involvement, the sense
of being “drawn in” and having fun. Perceived usability, a
negative affect experienced as a result of the interaction and
the degree of control and effort expended during the interac-
tion. Aesthetic appeal, the attractiveness and visual appeal of
the interface. The Reward sub-factor is used as a more robust
measure that accounts for the conceptual overlap between
Endurability and Felt involvement.

A short-form survey designed around specifications from
the User Engagement Scale [30] was developed. This survey
accounted for factors that have been identified as contextual
artefacts that could potentially sway user results. In account-
ing for these factors, every participant answered the survey
online and participant fatigue was mitigated for by limiting
the play-testing sessions to 45 minutes total. The full survey
as well as the sub-factor that each question influences are
listed in Appendix A. Every question in the survey is coded
on a five-point Likert scale ranging from 1 - Strongly Dis-
agree to 5 - Strongly agree. There are, however, questions
that are asked in the negative form, in which case, the re-
sponse needs to be inverted. For example, giving a 2 as a
response to the statement "I felt frustrated while playing the
game." corresponds to a 4 as a response to the statement "I
didn’t feel frustrated while playing the game.".

To gather qualitative information about a given play-testers
experience of the game, a brief conversation was conducted
between the researcher and the research participant, after
which the research participant sent a brief email to the re-
searcher detailing the positives and negatives of their expe-
rience as well as their perceived sense of engagement.
After signing the informed consent form, each research

participant was sent a table of possible slots in which they
could sign up to play-test the GBL system. All research was
conducted online via Microsoft Teams or Google Meet. Par-
ticipants were sent a meeting link and a link to download
the game approximately half an hour before the slot that
the research participant had signed up for. This was done
to guarantee that a student did not have the chance to play
through the game before the meeting. Once the meeting
started, participants were asked to share their screen to en-
sure that research participants were in fact playing the game
for the allotted duration. The research participants were in-
formed that the researcher would not be watching them for

the whole duration of their play-testing, but would instead
glance at the shared screen every two minutes to confirm
that the narrative game-based learning systemwas still being
played and that no game-breaking errors had occurred.

4.2 Ethical Issues
Ethical considerations with regards to the process of test-
ing and developing the narrative game-based learning sys-
tem have been accounted for. Students from the CSC1010H,
CSC1011H and CSC1016S Computer Science courses at the
University of Cape Town were contacted. No compensation
was offered, all students undertook the exercise through will-
ing participation. Some students that had taken one of these
courses but were not majoring in Computer Science were
also allowed to participate.

Students were asked to engage with the game-based learn-
ing system for around 45 minutes and then undertook a
short survey that was designed in accordance with the User
Engagement Scale[30], as explained above.
Furthermore, all students were informed of their precise

role within the research and were provided with formal
informed prior consent forms that needed to be signed before
they a student was to be involved. Their confidentiality was
also maintained as all data obtained was referenced without
identifiers. For data gathering purposes, each student was
identified by the order in which they signed up for a play-
testing time slot. For example, the first student to play-test
the game was assigned the ID; ’Student 1’, and so on.
Taking student safety and the COVID-19 pandemic into

account, there was absolutely no face-to-face interaction
and the entire process of recruiting, sending the game-based
learning system to the student and conducting the survey
was done online.

The system is entirely comprised of either open source
software or software and assets that have been licensed or
bought.
Unity Personal Edition was used to make the narrative

game-based learning system. Unity Personal Edition is free
to use and share creations on if the individual using it makes
less than USD 100’000 a year. We also made use of the Unity
Asset store to purchase additional assets which operate un-
der the Standard Unity Asset Store EULA. Any additional
assets were created using Blender, a free and open source
3D creation software.

5 RESULTS & ANALYSIS
A total of seven research participants play-tested the game.
Four of them played the narrative version and the remaining
three played the non-narrative version of the game-based
learning system. However, the data acquired from Student 5
- who did a narrative play-test was discarded as the student
did not fill out the survey immediately upon completion of
the play-test, send a qualitative opinion email or attempt
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to solve the coding challenges in earnest. This leaves three
research participants who play-tested the narrative version
of the game, and three who play-tested the non-narrative
version of the game.

5.1 Non-Narrative Results
Focused Attention 3.667
Aesthetic Appeal 4.417
Perceived Usability 3.333

Reward 4.222
Overall Engagement 3.910

These results have a minimum value of 1 and a maximum
value of 5. They are scores relating to the characteristics
associated with user engagement described in section 4.1.

It is clear to see from these results that the research partici-
pants felt the game-based learning system without narrative
elements was a worthwhile experience. This can be gauged
by the fact that the ’Reward’ score was high considering
the range of possible scores. This sentiment is echoed by
the qualitative responses from research participants. Student
2 finished their qualitative review saying " I really enjoyed
it[the game] and the game environment!". Student 3 wrote
"I found playing this game to be a positive experience and
I find that it did help reinforce my understanding from my
Computer Science course". These responses, alongside the Re-
ward score, indicate that even without narrative elements,
students found the non-narrative version of the game to be
a rewarding experience.

The game-based learning system seemed to contain a few
blind spots when it came to the user’s perceived feelings of
control over the system and the amount of effort required
to understand the task at hand. This is indicated by the
relatively low Perceived Usability score of 3.333. Again, this
sentiment echoes through into the qualitative responses,
with Student 1 writing " I found the game enticing, however I
was a little confused in the beginning as to what I needed to do"
and Student 3 expressing that they felt the player movements
and cursor panning was "a little bit tough with the arrowkeys
and the cursor".

Emotional Investment 3.333
Perceived Effectiveness
as a Pedagogical Tool 4.667

Note, the above results are not associated with user en-
gagement according to the User Engagement Scale, but they
were deemed to be valuable questions to ask students in
order to obtain a measurement of the extent to which they
felt emotionally attached to the outcome of the story and
if they felt the game-based learning system would be an
effective educational tool to leverage in an introductory pro-
gramming course. The emotional investment score being
comparatively low indicates that not having explicit narra-
tive elements present in the game-based learning system
contributed to a lower Emotional Investment in the outcome

of the story. This could lead to lower motivation to complete
coding challenges.

5.2 Narrative Results
Focused Attention 4.333
Aesthetic Appeal 4.889
Perceived Usability 4.222

Reward 4.889
Overall Engagement 4.583

These results indicate that in every measure-able sub-
factor associated with user engagement, the narrative ver-
sion of the game performed better than the non-narrative.
While this is encouraging, it is also indicative that there are
potentially hidden variables present in the narrative mode
of the game that influence user engagement. This is covered
in more detail in Discussion, 5.3.

Emotional Investment 4.000
Perceived Effectiveness
as a Pedagogical Tool 4.836

In line with the research hypothesis, a player’s sense of
Emotional Investment and Focused Attention both increased
with the introduction of narrative elements to the game-
based learning system. The higher Emotional Investment
score indicates that narrative elements did in fact help to
make the student more emotionally invested in the outcome
of the game-based learning system. Likewise, the higher
Focused Attention score indicates that the student was trans-
ported into the game-world to a greater extent in the narra-
tive version of the game.

The narrative elements were
a distraction. 1

The narrative elements made me
more motivated to solve

coding challenges. 4.667
The game’s narrative elements
increased my engagement. 4

These scores were specifically gathered from people that
played the narrative version of the game. No comparative
analysis can be conducted between the non-narrative group
for these scores. However, the lowest possible value, 1, was
obtained for the question related to how distracting students
found the narrative elements. This indicates that narrative
contributed little to a user’s disengagement from the game-
based learning system. High scores associated with narrative
elements increasing engagement and motivation potentially
indicate that students felt the narrative elements helped to
increase both their motivation towards and engagement with
the game-based learning system.

5.3 Discussion
The narrative version of the game saw an increased user
engagement score for every possible sub-factor. Alongside
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this, the metrics for Emotional Investment and Perceived
Effectiveness as a Pedagogical Tool both increased in the
narrative version of the game. While these results bode well
for the effect that narrative elements have on student engage-
ment, they also indicate that there may be hidden factors that
influence a students sense of engagement in the narrative
mode of the game that are not narrative elements. This is
most easily demonstrable with the Perceived Usability score.
This score should not increase massively between versions
of the game. Ideally, both the narrative and non-narrative
versions of the game provide the user with the same degree
of Perceived Usability. In this case, the narrative version of
the game provided students with a clear next objective and a
logical order in which to complete tasks that was not clearly
described in the non-narrative version of the game. This,
therefore, implies that it was not in fact the narrative ele-
ments of the game that increased the Perceived Usability but
instead that fact that narrative elements provided pointers
to the students as to what needed to be done next which the
non-narrative mode failed to do.

Furthermore, the fact that Aesthetic Appeal score increased
in the narrative version of the game could indicate two po-
tential weak-spots of this research. Firstly, the introduction
of narrative elements also included physical objects in the
game world that a student could interact with. These ele-
ments were simply invisible in the non-narrative version of
the game. These objects may have contributed to the aes-
thetic appeal of the game overall, leading to user’s scoring
the Aesthetic Appeal higher in the narrative version, even
though the visual aspect of these objects was an unintended
side effect of playing in narrative mode and is not related to
the narrative of the game. Secondly, the User Engagement
Scale may not contain a sub-factor that effectively accounts
for a student’s increased sense of engagement within the
narrative version of the game, and as a result, they may
have felt inclined to rate other aspects of the game higher
than they would have had there been questions specifically
related to the hidden sub-factor that contributed towards
their increased sense of engagement. However, this result
justifies the decision that was detailed in section 3.3 to keep
visual and feedback elements in the non-narrative version
of the game to mitigate the amount of increased perceived
engagement in the narrative version of the GBL system that
were not caused by the introduction of narrative elements
alone.
Where the research was successful was in capturing the

increased score of Emotional Investment and Focused Atten-
tion in the narrative version of the game. This was echoed
by the qualitative responses of student who play-tested the
narrative version of the GBL system. Student 4 said, of the
narrative elements of the game, " I feel like the narrative el-
ements really helped engross me into it[the game]". Student
6 felt that the "Introductory story helped set the scene and
stimulated emotional engagement". The literature indicates

that narrative elements are effective tools to transport and
draw emotion out of a player. To see that these research re-
sults are in accordance with the literature indicates that the
narrative elements have been effective on student engage-
ment in the same manner that they have been observed to
be effective in the literature. This type of engagement causes
intrinsic motivation to interact with a system which has
been proven, in the context of Computer Science education,
to result in a higher degree of knowledge acquisition than
extrinsic motivation.

6 CONCLUSIONS AND FUTUREWORK
This research set out to take meaningful steps towards solv-
ing the problem of student engagement in introductory pro-
gramming courses by testing the effect that narrative ele-
ments in game-based learning systems for teaching intro-
ductory programming have have on student engagement.
This was tested by creating a game-based learning system
which could be played with and without narrative elements,
and running comparative experiments on both of the game
versions.

It was found that narrative elements in the game-based sys-
tem increased every user engagement sub-factor identified
by the User Engagement Scale. Furthermore, the presence
of narrative elements made students feel more emotionally
invested in the outcome of the game and more likely to feel
the game-based system would be an effective pedagogical
tool. Finally, no students found the narrative elements to
distract them away from the coding challenges or substance
of the GBL system. Instead, they found narrative elements
to make them feel more engaged and more motivated to
interact with the system.
These results are entirely positive, however, it is impos-

sible with the amount of information available to conclude
definitively whether narrative elements in game-based learn-
ing systems have a positive effect on student engagement.

This research could be substantially furthered by conduct-
ing more considerable analysis into the sub-factors that in-
fluence student engagement and how best to measure them.
Furthermore, this research project would have benefitted
from closer analysis of the effect that second-rate factors
introduced by the narrative version of the game would have
and, where possible, introducing measures to nullify this
effect. Finally, a larger scale experimental phase would have
allowed for greatly improved statistical analysis of the ef-
fectiveness of narrative elements on student engagement.
Had the sample of research participants been larger, more
comprehensive non-parametric statistical tests such as the
Mann-Whitney U Test to compare differences or the Chi-
Squared test for independence could have been utilized to
potentially produce statistically significant results indicating
that narrative elements in game-based learning systems have
a positive effect on student engagement.
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This research project has revealed that narrative elements
of game-based learning systems can potentially be leveraged
as effective pedagogical tools to stimulate student engage-
ment in introductory programming courses. Furthermore,
this research indicates that a more detailed analysis of the
role that narrative elements have in game-based learning
systems is a worthy line of research to undertake and may
produce meaningful results.
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A APPENDIX A - Survey questions and Sub-factors
I would like to receive feedback about the results of the study.

If you say yes, you will be sent a copy of the published research paper,
and a summary of the main results/conclusions. N/A

I lost myself in the game. Focused Attention
This would be a valuable experience for first year Computer Science students. N/A
This game aided my understanding of introductory Computer Science concepts. N/A

I felt emotionally invested in the game. Emotional Investment
The time I spent playing the game just slipped away. Focused Attention

I was absorbed in this experience. Focused Attention
I felt frustrated while playing the game. Perceived Usability

I found this educational game confusing to use. Perceived Usability
Using this educational game was taxing. Perceived Usability
This educational game was attractive. Aesthetic Appeal

This educational game was aesthetically pleasing. Aesthetic Appeal
This educational game appealed to my senses. Aesthetic Appeal

Playing the game was worthwhile. Reward
My experience was rewarding. Reward

I felt interested in this experience. Reward
The narrative elements made me more motivated to solve coding challenges. Only asked in Narrative Version

The game’s narrative elements increased my engagement. Only asked in Narrative Version
The narrative elements were a distraction. Only asked in Narrative Version

B APPENDIX B - Game Screenshots

Figure 1.Main menu scene.
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Figure 2. An example image from the first cut-scene.

Figure 3. Ship scene - tutorial window.
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Figure 4. Ship scene - in non-narrative mode. No narrative interactable objects and no subtitles.

Figure 5. Ship scene - in narrative mode. Subtitles at the bottom, interactable objects highlighted yellow.
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Figure 6. Ship scene - in narrative mode. Interacting with the barrel.

Figure 7. Electricity scene - a tutorial window.
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Figure 8. Electricity scene - The completed scene. Note the code in the right-hand panel.

Figure 9. Water scene - in narrative mode. Subtitles help to get the student to emotionally engage with the task at hand.
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Figure 10.Water scene - An example of error feedback being shown to the player.

Figure 11.Water scene - A working solution to the water scene.
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Figure 12. Engine scene - In narrative mode.

Figure 13. Engine scene - Showing the Description. This details what needs to be done to complete the scene.
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Figure 14. Engine scene - A working solution.

Figure 15. Final cut-scene - In narrative mode.
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