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1 PROJECT DESCRIPTION
Introductory programming has been shown to be a common
point of attrition for students looking to study Computer
Science [4, 5]. Part of this problem is that the current peda-
gogical approaches towards teaching introductory program-
ming struggle to maintain student engagement. Solutions
to this problem have been introduced, with Game-Based
Learning (GBL) systems seeing a massive increase in pop-
ularity in recent years [18, 35, 36]. This is not without its
faults though, as game-based learning in an introductory
programming context has seen varied results in the litera-
ture [26]. This has been largely attributed to the fact that
games, gamification and game-based systems are subject to
too much variation and too vaguely defined to yield any
pertinent research conclusions [25].This project intends to
address the problem of student engagement in introductory
programming courses by implementing two different game-
based learning approaches. Each of these approaches are to
be designed in such a way that they will focus on different
elements of game-based systems that have been underrep-
resented in the literature. The first approach will focus on
Puzzle and Point-of-View elements and the second will focus
on Narrative elements in a game-based context.

2 PROBLEM STATEMENT
It has been definitively established that, in certain contexts,
digital game-based learning can be an effective tool to in-
crease student motivation and learning[6, 8, 13, 26, 42, 44].
However, less research has been done investigating, for a
given learning domain, what type of game would be best
suited to facilitate 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 [25, 43]. This project hypoth-
esises that when conducting research for a given learning
domain, it is better to experimentally evaluate different game
design elements in isolation to determine their impact on
student engagement. In this case, the domain is that of intro-
ductory programming, an area of particular difficulty to first
year Computer Science students.

Our research problem is the challenge of keeping students

engaged in introductory programming courses using game-
based learning. More specifically, we attempt to take mean-
ingful steps toward solving the problem of student engage-
ment in introductory programming courses by evaluating
the impact that the following specific game design elements;
point-of-view, puzzle, and narrative elements have on en-
gagement, flow state, and fun. These will be explored in two
separate studies, one focusing on point-of-view and puzzle
elements, and the other focusing on narrative elements. The
different motivations and approaches of each are discussed
below, in sections 2.1 and 2.2 respectively.

2.1 Investigating Student Engagement in a
First-Person Puzzle Game Designed to Teach
Introductory Programming

First-person games are highly popular, with millions of play-
ers worldwide. [11]. Despite the prevalence of first-person
perspective, there have been few programming games de-
veloped that utilise this point-of-view, either in academic
studies or in a commercial context. Existing programming
games tend to favour an isometric, top-down, or text-based
approach [3, 26, 38]. First person perspective and its impact
on player engagement is not well studied, though there is a
general perception that utilising a first-person perspective
increases immersion and interest in the game-world. There
remains research to be done into whether a first-person
programming game is effective in facilitating student en-
gagement and increasing motivation.
It is possible that part of the reason why first-person se-

rious games are under-represented in Computer Science
Education is that there seems to be little conceptual link be-
tween first-person gaming and the activity of writing code.
In this project, it is hypothesised that this disconnect can
be solved by creating a first-person game utilising puzzle
elements to more closely match the experience of coding. In
the puzzle game genre, the player is required to solve puz-
zles and utilise their problem solving skills. This resembles
the skills required to be an effective programmer - problem
solving and programming are two closely related and mu-
tually beneficial areas [23, 34]. Since puzzle elements offer
players a chance to hone their problem solving abilities, and
offer logical and conceptual challenges to a player, it can be
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hypothesised that they can be used to create a compelling
first-person programming game.

2.1.1 Research Question. How does the utilisation of
first-person and puzzle elements affect engagement, flow
state, and motivation of students in an educational game
designed to teach introductory programming?

2.2 Motivating Game-Based Systems With
Narrative Elements as a Pedagogical Tool in an
Introductory Programming Course

Narratives are utilized in games, other forms of popular me-
dia, and education to tie linked concepts together to form an
over-arching thematic concept [17, 32]. They have also been
shown to be reliable sources of engagement and emotional
attachment [7, 30].

Research indicates that Game-based learning systemswork
best as a pedagogical tool when utilized hand-in-hand with
other, more traditional pedagogical methods [20, 25]. Fur-
thermore, it has been demonstrated that students struggle
to maintain engagement with the material taught in intro-
ductory programming courses [16].

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, [31]
and introductory programming courses struggle to main-
tain [16]. 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.

2.2.1 Research Question. How do game-based learning
systems with strong narrative elements effect engagement,
flow state, and motivation of students in an introductory
programming course?

3 PROCEDURES & METHODS
For the purposes of answering our research questions, we
will develop two educational games, one utilising puzzle and
POV game elements, and one utilising narrative elements.
The games will be designed to reinforce basic programming
concepts such as variables, if-statements and loops, using the
language Python. It will be assumed that students understand
basic Python syntax and have encountered the programming
constructs (such as variables and if-statements) utilised in
the game before. The intention of the games will not be to
teach students coding from the beginning, but to reinforce

or cement the ideas they have already learned in a visual,
engaging way. The gameplay will consist of players writ-
ing and running code to manipulate the environment and
advance in the game. Each game will be experimented on
and evaluated independently, and each will ultimately aim to
answer different research questions (listed above). They will
however, share certain design and core technical elements,
for the purposes of efficiency and non-duplication of work.
In particular, they will share graphical models, and a Python
to C# interpreter. The games will be implemented using the
popular real-time development platform Unity, as it is recog-
nized as one of the most effective tools to realize games and
game-based systems. Overviews of each game and its core
mechanics are detailed in the following sections 3.1 and 3.2.

3.1 Game-Based System with First-Person and
Puzzle Elements

For the purposes of answering the research question in 2.1.1,
an educational first-person puzzle game will be developed.
The gameplay will involve the player writing Python code
to navigate a 3D environment, using a first person point of
view. The player will control the movements and actions of a
rover/robot through code to explore an undiscovered planet.
They will begin at a starting point and have to navigate the
environment to reach an endpoint, potentially avoiding ene-
mies or danger. The player will have to utilise their problem
solving abilities to work out how to get the robot to do what
they want.
If the essential functionality of the game is implemented
and there is time remaining, the plan is to create at least
3 levels which the player progresses through sequentially.
In the first level the player will learn the basics of how to
move the robot. As the player moves through the levels, the
difficulty may ramp up and the player may be expected to
utilise the concepts they have learned to solve more chal-
lenging puzzles. The idea is that puzzle solving will simulate
the problem solving required to code, and show the player
that solving coding problems can be fun and exciting.

3.2 Game-Based System with Narrative Elements
To test the effect of narrative elements as a pedagogical tool
for fostering student engagement in a game-based introduc-
tory programming context, a game-based 3D system will be
built wherein a student controls a character and needs to nav-
igate using the WASD keys. Two modes of this game-based
system will be available. One, with narrative elements and
one without. The narrative mode will provide the students
with a cut-scene before they start playing the game, which
will show an astronaut crashing on a hostile planet and their
spaceship going dark. After this, the student will be encour-
aged to restore the electricity, water system and hydroponic
farm on their crashed ship to ’win’ the game. Each of these
acts of restoration will require the student to write Python
scripts that fix or build functionality for the aforementioned
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tasks. Throughout the game-based system, a running nar-
rative will be provided to the student, attempting to build
some emotional connection and provide some sense of trans-
portation to the game-based system. The mode without a
narrative element will strip back on all of the world-building,
context-based or narrative elements and simply have the stu-
dents write Python code in a game-based environment with
no overarching contextualization or attempts at forming an
emotional connection.

3.3 Fundamental Programming Concepts
The 2013 ACM Software Development Fundamentals [37]
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 pro-
ficient in. For the purposes of this project we have selected
a subset of these fundamental programming concepts to be
taught in the game-based systems developed. These are listed
below:

1. Basic syntax and semantics of a higher-level language
2. Variables and primitive data types (e.g numbers, char-

acters, Booleans)
3. Expressions and assignments
4. Conditional and iterative control structures

• if-statements
• for-loops
• while-loops

5. Functions and parameter passing (time-permitting)
• Players will not need to write functions, but may
need to call existing functions

3.4 Python to C# Interpreter
Since scripts in Unity are written in the language C#, and
players will be writing Python code, it will be necessary
to make use of a Python-to-C# interpreter to execute the
player’s scripts. IronPython [14] is an open-source imple-
mentation of the Python programming 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 lan-
guages, such as C#. We will use IronPython to interpret the
user’s Python code during runtime, which will allow them
to manipulate objects in the Unity environment. Although
both games will be separate implementations and will fa-
cilitate different research questions, they will both use this
interpreter, for the purposes of efficiency.

3.4.1 Writing Code to Manipulate the Environment.
Players will write Python code in a text editor and run it to
manipulate the game environment. The text editor used will
support syntax highlighting and error-checking. Players will
reference different items in the game using an object name,
and perform actions on it using the methods associated with

that object. For example, to move their player forward, they
might write “player.moveForward()”. They will play through
levels where the objective is to solve a problem by inputting
the correct code. For each level, they will get information
about what objects and methods are available to them. They
will also be able to use other basic Python statements such
as variables, if-statements, for-loops and while-loops.

On a technical level, the effect of the user writing code to
interact with the game environment may be challenging to
achieve. There will need to be some mapping of the objects
and methods referenced in the user’s Python code to those
in the C# unity environment. GameObjects are the funda-
mental objects in Unity that represent characters, props and
scenery. If the player inputs for example, "player.jump()", the
interpreter will need to map the inputted Python object and
method to the corresponding GameObject in Unity and call
the "jump()" method in the C# code.

3.5 Implementation strategy
Although separate pieces of software, both games have a
similar priority in terms of core components that must be
provided. These are ranked according to the following prior-
ity system:

• 3 - Essential features that must be implemented
• 2 - Important to have
• 1 - Non-essential/extra

Below can be found a grouping by priority of the proposed
features:

Essential features (Priority 3):
• Python to C# interpreter for Unity
• Basic Game environment and models
• Player is able to write and compile code in a text editor
• At least 1 level in which player writes code to control
game objects

• Rudimentary narrative features or puzzle elements
(game specific)

Important features (Priority 2):
• Menu/system where player can navigate the game
• Syntax highlighting
• Multiple levels

Non-essential features (Priority 1):
• Music and sound design
• Aesthetically pleasing graphics

For each game, an iterative development strategy will be
used to deliver these features, with at least 2 cycles consisting
of 1) analysis and design, 2) implementation and 3) testing.
The first cycle will see the development of a high fidelity
prototype implementing at least the essential "priority 3"
features. If there is time remaining, lower priority features
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may be implemented as well, which, although non-essential,
will contribute to the cohesion and quality of the system.
The second cycle will see the refinement of the prototype
based on the feedback from the first cycle.

3.6 Testing and Evaluation
At the end of both cycles of development, user testing and
evaluation will be done, using the prototypes developed.
Participants recruited will be first year Computer Science
students at the University of Cape Town. Since testing will
be done in the latter half of the year, these students will have
been exposed to Python and the programming constructs
used in the game, while still being at a “beginner” level, mak-
ing them ideal test subjects. Testing will be conducted online
in light of the risks of in-person meetings due to the COVID-
19 pandemic.

The testing methodologies used at the end of both cycles
will be identical, so that the two prototypes can be compared
and it can be ascertained whether the second attempt im-
proves upon the first. Participants will be sent an executable
version of the game, and will run and play the game, giv-
ing feedback and comments as they play. They will share
their screen while doing so to allow the tester to record their
reactions to specific game elements. Participants will play
the game without extensive instruction from the tester - any
struggles that they have will expose ambiguities or issues in
the design. Afterwards, they will fill out a qualitative survey
assessing their impressions of the legibility and usability
of the software, as well as their subjective feelings of en-
gagement, fun and flow state while playing. The survey will
incorporate the User Engagement Scale (UES) [28, 29, 40] in a
game-based context [40], as well as the GameFlow question-
naire [22] to measure effects of transportation [17], identifi-
cation [9] and flow [39] within the game-based system. The
survey will also ascertain their level of enthusiasm towards
this implementation of game based learning, and whether
they think it would have been beneficial and motivating as
part of their introductory programming course.

4 ETHICAL, LEGAL & PROFESSIONAL
ISSUES

4.1 Ethical
Ethical considerations with regards to the process of testing
our game-based systems have been accounted for. Students
from the CSC1010H, CSC1011H and potentially CSC1016S
Computer Science courses at the University of Cape Town
will be contacted. No compensation will be offered and stu-
dents will only undertake the exercise through willing par-
ticipation.

Students will be asked to engage with one of the game-
based learning systems for around an hour and then will
undertake a short questionnaire that has been designed to
utilize the User Engagement Scale, as explained above.
Furthermore, all students will be informed of their role

within the research and will provide free, informed, prior
consent before they are to be involved. Their confidentiality
will also be maintained as all data will be obtained without
identifiers. For data gathering purposes, each student will be
identified by the order in which they underwent the ques-
tionnaire. E.g., the first student to take the questionnaire will
be referred to as ’Student 1’, and so on.
Taking student safety and the COVID-19 pandemic into

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

4.2 Legal
The system will be entirely comprised of either open source
software or software and assets that have been licensed or
bought.
We will be using Unity Personal Edition to make both of

the game-based systems. 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 will also make use of the
Unity Asset store to purchase additional assets which operate
under the Standard Unity Asset Store EULA. Any additional
assets will be created using Blender, a free and open source
3D creation software.

5 RELATEDWORK
5.1 Game-based Learning
Game-based learning systems have received significant atten-
tion in the world of pedagogy, specifically as applied to Com-
puter Science education [15, 26, 27, 41, 42, 44]. They operate
in a similar domain to gamification, which is a strategic ap-
proach that involves incorporating game design mechanics,
that are inherently motivating, into a system [18]. However,
they differ from conventional gamification in the sense that
they do not borrow features and mechanics from game de-
sign but rather leverage video games themselves as a distinct
medium of conveying information [2, 10]. There is much lit-
erature covering different use cases of game-based learning
systems but the results are mixed, although largely positive
[24]. This has been ascribed to the fact that games, and there-
fore game-based systems are too loosely defined to yield
consistent results [25, 43]. It has therefore been proposed
that a better approach towards evaluating the effectiveness
of game-based learning systems in an introductory program-
ming context is to isolate specific elements of games and test
their effectiveness individually [43].
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5.2 Narrative Elements in Game-based Learning
Narrative elements in the context of game-based learning
are underrepresented in the literature. This can be explained,
in part, by the lack of rigorous, peer-reviewed research on
the effects of individual elements that constitute games, as
described in the section above. Another factor to consider is
the fact that narrative elements are not exclusive to games
and are more closely associated with other forms of media
(film, print, etc.) [32].

Regardless of the reasons, there has not been substantial
research into the effect of narrative elements in a game-
based learning context [20]. However, it has been shown that
factors that keep students engaged in a game-based learning
system are related to how emotionally invested a user is with
the game-based learning environment [1]. This is significant
as narrative elements in games have been shown to be the
greatest source of emotional investment with a game [9]. It
then makes sense that this emotional attachment as a result
of narrative elements would follow through from gaming to
game-based systems.

5.3 Point of View Elements in Game-based Learning
There has been little research into point-of-view as a feature
of educational games, both in the realm of Computer Science
and otherwise. In a literature review conducted prior to this
study [33], it was found that a large number of game based
systems in research utilise an isometric, top-down, or text-
based approach, but there was little motivation for choice of
these systems. There were no examples found that utilised a
first person perspective.

5.4 Puzzle Elements in Educational Programming
Games

There have been several useful literature reviews on the use
of game based learning to teach Computer Science [3, 26, 38].
These provide an overview of the content taught andmethod-
ologies used in serious programming games thus far. Blanco
and Engstrom provide analyses of game genre used [3]. Their
findings showed that in commercial programming games,
puzzle games are the overwhelming majority. They noted
that in academic papers, this is not as pronounced, although
there is still a strong representation of traditional puzzle-
type games. Based on the success of programming games
utilising puzzle elements [12, 19, 21], there is evidence that
the puzzle genre is ideal for teaching coding. This could be at-
tributed to the fact that programming and puzzle games both
involve problem solving. The link between problem solving
and coding is backed up in the literature. It has been shown
that programming improves cognitive reasoning skills[34].
It has also been shown that teaching problem solving be-
fore programming in an effective strategy in introductory
programming courses to improve learning in students [23].

6 ANTICIPATED OUTCOMES
6.1 System
In both cases, game-based learning systems will be created
with a particular emphasis on the isolated elements of gam-
ing for which research is being conducted.

6.1.1 Narrative driven Game-based System. The
narrative-driven game-based system is expected to increase a
users emotional attachment and therefore engagement with
the game-based system. Furthermore, the introduction of
narrative elements will hopefully allow students to more
easily associate concepts taught within the game-based sys-
tem to concepts that are introduced using more traditional
pedagogical methods.

6.1.2 Puzzle and POV Game-based System. The POV
and puzzle game-based system is expected to facilitate en-
gagement by utilising a first-person perspective to increase
immersion and interest in the game-world. Additionally, it is
hoped that the puzzle elements will exercise students’ prob-
lem solving abilities, and improve their perceptions of coding
as a fun activity.

6.2 Expected Impact
There is currently no significant research on the effect of
particular elements of game design on student engagement
in an introductory programming context. We are looking to
address that gap in the research by producing new findings
on the effect of narrative, puzzle and point-of-view elements
on student engagement. We anticipate that this research will
bolster similar studies conducted about the effectiveness of
game-based systems as a learning tool and how they interact
with student engagement. If these experiments prove to be
successful, we hope to present point-of-view, puzzle and
narrative elements as effective elements of games to utilize
when creating effective game-based learning systems.

6.3 Success Factors
• Successful implementation of two game-based learn-
ing systems focused around different and specific ele-
ments of gaming.

• Yielding meaningful and positive results associated
with the use of point-of-view and puzzle elements in
game-based systems and student engagement.

• Yielding meaningful and positive results associated
with the use of narrative elements and student engage-
ment.

7 PROJECT PLAN
7.1 Risks
A risk-matrix is included in Appendix A. This lists potential
risks for this project, as well as each risk’s likelihood of
occurrence, impact and consequences. Also included are
strategies for risk mitigation, monitoring and management.
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7.2 Timeline
Detailed Gantt chart provided in Appendix B.

7.3 Resources
• Computers capable of running Unity.
• Reliable access to the internet.
• IronPython open-source framework.
• Unity Asset Store access.
• Blender open-source modelling software.
• Access to an appropriate C# IDE.

7.4 Deliverables
The primary deliverables for this research are the two final
research papers which will analyze, in detail, the implemen-
tation, execution and results of both of the aforementioned
methods to hopefully foster student engagement in intro-
ductory programming using game-based learning systems
with a primary focus on different elements of games. Other
noteworthy deliverables are:

• A literature review of puzzle and point-of-view ele-
ments in game-based learning systems.

• A literature review of narrative elements in game-
based learning systems.

• A project proposal.
• A project feasibility presentation.
• Drafts of final research papers.
• Source code for both projects.
• Overall project posters and a website.

7.5 Milestones
The primary milestones of this research are the implementa-
tion of two game-based learning systems that take different
approaches to foster student engagement and the submission
of two final research papers.

7.6 Work Allocation
Theo Thesen will create all 3D models, shared Unity design
patterns and develop the game-based learning system which
focuses on narrative elements. Cain Rademanwill implement
the Python to C# interpreter, syntax highlighting and error
labelling for said interpreter, any necessary sound design in
the project and will develop the game-based learning system
that focuses on puzzle and point-of-view elements.
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A Risk Matrix

Risk Consequence Probability Impact Mitigation Monitoring Management
Initial scope
chosen to be
too large

Inability to deliver
on promised scope,
resulting in unfin-
ished project and
potential inability
to evaluate research
questions

High Critical Under-promise on
scope instead of
over-promising.
Make sure to im-
plement essential
features first

Measure actual
progress against
the project time-
line to determine
whether features
are being imple-
mented too slowly

Should it become
clear that the scope
is too large, de-
crease scope to
more manageable
level

Bottleneck
while one
team mem-
ber waits for
work from
the other

Project disruption
- cannot continue
project until work is
finished. Progress is
delayed.

High Marginal Share as few com-
ponents as possible
between game-
based systems.
Prioritise tasks that
other team mem-
bers are dependent
on

Undertake regular
meetings to com-
municate about
progress

Should a bottle-
neck occur, both
team members will
work on the task to
ensure it gets done
quickly

Inability to
get Unity C#
environment
to integrate
with Python
scripts

Students will be
unable to write
code, resulting in
an incomplete pro-
gramming game.
Research questions
will not be testable

Medium Critical Start on this fea-
ture early, focusing
on getting a work-
ing prototype as
soon as possible

Check whether
this feature is be-
ing developed in
accordance with
the project time-
line

Switch to a dif-
ferent environ-
ment that is more
integrated with
Python, such
as Blender or
Panda3D.

Ethical clear-
ance for user
testing ob-
tained late

Inability to proceed
with testing, result-
ing in project delay

Medium Critical Submit ethical
clearance form as
soon as possible,
and in accordance
with the deadline

Regularly check
in on whether the
form has been re-
turned yet. Follow
up with ethics com-
mittee if the pro-
cess is taking very
long

If ethical clearance
is not obtained
in time, conduct
testing later than
planned. It may be
necessary to forgo
testing for the first
prototype

Team mem-
ber contracts
COVID-19

Infected team mem-
ber cannot work,
resulting in massive
delays in output.
Other team member
may be left waiting
for work they are
dependant on.

Low Critical Practise COVID-
19 safety and take
recommended pre-
cautions to limit
chance of contract-
ing the virus.

Monitor physi-
cal health closely.
Team members
must get tested if
they suspect they
may have the virus

Team members
should keep logs
of their work, com-
municate to part-
ner, and back up
regularly so that in
the event of infec-
tion, the other can
help to finish their
work

Table 1. Risk Matrix
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