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Control Flow Bug

A Puzzle Game Based on Real-Time Flocking Behaviour

Linda Bergevald, Adrian Danielsson, Jonathan Jansen Grano, Erik Larsson, Elsa Lenz,
Salar Loran Telo

Department of Computer Science and Engineering
Chalmers University of Technology and University of Gothenburg

Abstract

Flocking behaviour is a common sight in nature, seen in phenomena such as birds
flying together in large groups. The purpose of this bachelor’s thesis is to explore how
flocking behaviour can be used as a primary game mechanic and what engagement
implications can be derived from it. To accomplish this, a puzzle game was developed
using the Unity game engine. In line with the project’s purpose, a strong focus was
put on game design and aesthetics. The game features a playable robot character
and a swarm of bugs, which can be manipulated by the player. This swarm generates
electricity used to solve puzzles by opening doors. The game was playtested and
evaluated for its engagement implications, which successfully demonstrated that an
engaging game can be made with flocking behaviour as a core mechanic.

Sammandrag

Flockbeteende ar en vanlig forekomst i naturen, vilket kan observeras hos faglar som
flyger tillsammans i stora grupper. Syftet med detta kandidatarbete ar att utforska
hur flockbeteende kan anvandas som en huvudsaklig spelmekanik och vilka implika-
tioner detta har pa spelarens engagemang. For att astadkomma detta utvecklades
ett pusselspel med spelmotorn Unity. I linje med syftet for projektet, lag ett stort
fokus pa speldesign och estetik. Spelet innehaller en spelbar robot och en insek-
tssvarm, som spelaren kan manipulera. Denna sviarm genererar elektricitet som
anvands for att losa pussel genom att 6ppna dorrar. Spelet testades och utvérder-
ades med avseende pa engagemang, vilket framgangsrikt demonstrerade att ett en-
gagerande spel kan skapas med flockbeteende som en central spelmekanik.

Keywords: flocking behaviour, video game, puzzle, unity, boids
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Introduction

In nature, there are numerous examples of flocking behaviour. Birds fly in large
groups consisting of potentially millions of birds, fish swim in shoals for protection,
and ants form huge colonies [1]. Considering how commonplace this behaviour is, it
is only natural that video game developers would want to include it in their games.
For example, if the developers want to include birds flying in the sky, they might
want accurate and efficient flocking behaviour to facilitate this. However, it is not
a simple task, as it can be challenging design-wise. This project aims to develop
an understanding of this aspect by developing a video game that allows flocking
behaviour to be used as a tool for the player in a way that creates a satisfying
experience. The scale of the flocking behaviour is bounded by the efficiency of the
implementation, but also potentially by game design. For example, if the player
interacts with a flock consisting of millions of entities, that might make it harder for
the player to visually intuit what is happening on the screen.

1.1 Purpose

The purpose of this project is to gain a deeper understanding of flocking behaviour
as a video game mechanic. To this end, the project aims to develop a video game
that uses flocking behaviour. The goal of this video game is to give players a sense
of enjoyment from intuitively interacting with flocks, without being frustrated by
the experience. The video game developed will be implementing technical solutions
to maximise performance. There will also be a large focus on game design and aes-
thetics with the goal of having an engaging user experience. This video game will
then be used to study the implications of flocking behaviour on the experience of
players.

In summary, the purpose of this project can be formulated as the following research
question: What engagement implications can be derived when including flocking be-
haviour as a core mechanic to a video game?

1.2 Stakeholders

The stakeholders intended to benefit from the results of this project are the following;:
1. Video game developers who are interested in using flocking behaviour in their
games.
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2. The target audience of video games which use flocking behaviour, who are
interacting with the systems in the game.

3. Video game publishers, who have an interest in publishing games using novel
ideas for game design.

1.3 Scope

When developing a video game, various limiting factors are present, such as a lack of
time and experience. This introduces various challenges to the development team.
One such challenge is learning the required knowledge to successfully design the
game in time for the final completion date, with another being solving the technical
problems that arise throughout the development of the game.

The primary goal of this project is to implement flocking and integrate it into a
game. As such, the famous boids algorithm [2] should be implemented, and addi-
tional rules should be added to allow the player to interact with the flock. Addi-
tionally, the game should have puzzle elements for which the flock is the main tool
used for solving. Other features are desired, but not considered top priority for the
completion of the project. One such feature is the game being performant enough
to have a smooth-running web-build. Furthermore, effective game and level design
that provides an intuitive and enjoyable experience to the player would ideally be
part of the final build. Visual fidelity, though agreeable, should only be implemented
if all other aspects of the game are considered finished. All these features aim to
make the game more intuitive and focused on the core components of this research.

To maintain focus on the core ideas of the project and manage prioritisation, the
MoSCoW model [3] was utilised. The requirements and features of the game can
be evaluated against the different MoSCoW classes (Must have, Should have, Could
have and Won’t have) to set an appropriate priority. This sets the scope of the
project and decides the core functionality.

Certain areas will be considered out of scope for the project. These delimitations
include character dialogue, replayability, procedural content generation, combat,
quick-time events, multiplayer, and profitability. With this scope in mind, the
MoSCoW prioritisation was formulated into:

The must haves: (Core features that must be implemented)

A flock exhibiting flocking behaviour.

A playable character with movement controls.

Objects capable of attracting/repelling the flock.

A way for the playable character to interact with the objects to activate them.
A way for the flock to complete a simple puzzle allowing completion of the
game/moving to the next level. For example, pressing a button or having a
certain number of entities in the same spot.

A simple starting menu, featuring a start button.
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Simple/placeholder graphics consisting of different shapes and, where possible,
rougher sketches.

should haves: (Features that are intended to be implemented)

Different types of flocks exhibiting different properties.

More levels increasing in difficulty by expanding on already existing mechanics
and introducing new ones.

Different obstacles for different levels.

Movable objects.

A way to save progress.

Some form of tutorial introducing the game’s mechanics.

Original music.

Original graphics.

could haves: (Features that will be implemented if time allows it)

Items the playable character can pick up that act as power-ups or change the
way they interact with the flock.

The flock being able to take damage and reduce in size.

A way to respawn the flock to prevent players from getting stuck.

won’t haves: (Features that will not be implemented)

Jumping. The game should not have platforming aspects.

Combat. The focus should be on puzzle-solving.

Any way for the player to directly control the flock (e.g. guiding them with
the cursor).

Additional characters. The game should only feature the playable character
and the flock.

No explicitly told story should be given to the players, as the core game relies
on environmental storytelling.
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Theory

Before continuing to the implementation and results of the project, proper theo-
retical foundations have to be laid. Without an appropriate understanding of the
subject, recommendations and research into the field are harder to verify. As such,
a technical introduction to the relevant concepts is necessary.

2.1 Emergent Behaviour

The concept of emergence and the behaviour that follows have been examined
through many schools of thought, from philosophy to biology, dating back to Aris-
totle’s time, with arguments centred on how complex systems can display properties
that do not come from their components alone [4]. Examples of emergent systems
include simulations such as Conway’s Game of Life [5], as well as the formation of
complex snowflake structures which form from freezing water droplets in the air.

2.1.1 Flocks and Herds

The canonical example of emergent behaviour in natural systems is that of flocks
and herds. Across multiple species, such as birds, fish, and land mammals, a com-
mon and recurring theme is their tendency to move in large clusters that appear
highly organised and coordinated.

This happens even with species that lack any clear leader that could act as the
controlling body of the group, and instead have each animal only react to what
happens nearby, as displayed by certain bird species [6]. These complex group be-
haviours often emerge in a decentralised, or rather, distributed manner solely guided
by local interactions between neighbours [7].

When one of the animals in the group reacts, nearby animals respond to that move-
ment, and this reaction spreads throughout the rest of the cluster. This chain reac-
tion is the driving force that allows herds to change direction quickly, even though
no single animal has a full overview of what is happening.

An important key point to note is that the behaviour of the group cannot be under-
stood purely by looking at one individual alone. Each animal follows simple rules
such as keeping a certain distance from others, avoiding collision, and heading in
the same general direction as its peers. When many individuals follow these rules
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together, the result is a coordinated and dynamic group movement that appears far
more complex than the rules themselves.

2.1.2 The Boids Algorithm

Inspired by this collective motion observed by real-world flocks and herds, the boids
algorithm [2] provides a simple computational model for reproducing similar emer-
gent behaviour in simulations. The algorithm was introduced to the world by Craig
Reynolds in 1987 and models the behaviour of individual agents, called boids, that
follow a small set of local rules.

The classic boids model is based on three simple rules:

The first rule prevents agents from crowding each other by steering away from
nearby boids that are too close, also called the separation rule. For a boid ¢, this
can be expressed as a steering force away from its neighbours j:

Pi — DPj
Fse = T
»= 2 o P

where NN; is the set of neighbouring boids within the perception radius.

The second rule tells agents how to adjust their velocities based on the average
heading of nearby boids, also called the alignment rule. This can be written as
1

Vo = | V| > Vi, Falign = Vavg — Vi

JEN;

which steers each boid toward the average velocity of its neighbours.

The third, and final, rule ensures that the boids do not drift apart by steering
them toward the average position of nearby boids, also called the cohesion rule.
This can be expressed as

1

Pcentre = |N | Z Pj, F cohesion = Pcentre — Pi
%

JEN;

which moves each boid toward the local centre of the group.

The final steering force applied to each boid is typically a weighted sum of these
three components:
Fi = wstep + waFalign + wchoh

where wg, w,, and w,. are tunable weights that determine how strongly each rule
influences the motion.

2.2 Data Oriented Design

As the number of agents that have to be simulated grows, the algorithm becomes
computationally expensive. Since the application is a real-time application in the

6
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form of a game, performance is necessary in order to ensure a smooth experience.
As such, different optimisation strategies should be employed in order to increase
the performance. One such strategy is to reduce the neighbour search complexity
with spatial data structures.

2.2.1 Spatial Partitioning and Indexing

In a naive implementation of the boids algorithm, every agent must calculate the dis-
tance to every other agent in order to perform the neighbour search. This results in
a time complexity of O(N?). To combat this, spatial data structures which partition
the space into separate regions can be utilised. This means that every agent only has
to calculate its distance to other agents located in nearby regions. There are several
ways to perform space partitioning, including spatial hashing, k-d trees, and octrees.

One variant of spatial partitioning, presented by authors Hastings and Mesit [8],
is spatial hashing, which is a method that first subdivides the simulation space us-
ing a uniform grid, where each grid cell corresponds to a bucket in a hash table. A
hash function then maps spatial coordinates to integer grid coordinates and com-
bines these coordinates to index into the hash table, effectively interpreting the hash
table as a one-dimensional representation of a multidimensional array of buckets. A
visualisation of this can be seen in Figure 2.1.

Space Partitioned By Uniform Grid Hash Table
1 00O
2
T 8 9

1o 2 GE Bm

X

Figure 2.1: An example of a 2D-space with point objects and their associated
buckets in the hash table after spatial hashing.

Hastings and Mesit [8] also inform that objects are periodically rehashed during
runtime to update their spatial locations in the hash table. Under the assumption
of a well-chosen cell size and reasonably uniform spatial distribution of objects, this

7
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enables O(1) average time complexity lookups for objects within a given cell. How-
ever, the article also emphasises that the effectiveness of spatial hashing depends
critically on the chosen grid resolution. If many objects occupy a single cell, the
method degenerates to a linear search in that bucket, negating the performance
benefits of spatial hashing while still suffering the hashing overhead. Reducing the
cell size may alleviate this issue, but doing so increases the number of cells and thus
memory consumption. Moreover, when objects have spatial extent rather than being
points, smaller cells increase the likelihood that objects span across cell boundaries,
resulting in them being stored in multiple buckets and thereby increasing memory
usage. Consequently, selecting an appropriate cell size represents a trade-off between
memory efficiency, update overhead, and query performance.

Other variants of spatial partitioning often rely on hierarchical tree structures, which
recursively subdivide the space into progressively smaller regions. An early exam-
ple is the quadtree, a recursive spatial decomposition scheme for two-dimensional
data presented by Finkel and Bentley [9] in 1974. Similarly, the k-d tree is a data
structure presented by Bentley [10] in 1975, that partitions space using axis-aligned
splitting planes. In these hierarchical approaches, each node in the tree represents a
spatial region and may contain child nodes that further subdivide that region. Un-
like spatial hashing, the subdivision is not always constrained to be uniform, nor is
the number of regions fixed in advance. Instead, subdivision is typically performed
adaptively during runtime.

Many tree-based spatial data structures subdivide a region only when the num-
ber of contained objects exceeds a defined threshold [11]. This adaptive behaviour
allows for control of object density within each leaf node, ensuring that no leaf node
contains more than a specified number of objects. During runtime, objects are in-
serted into a hierarchical structure by descending from the root to an appropriate
leaf node based on spatial coordinates. Query operations similarly only traverse
the parts of the tree whose regions intersect with the query. The hierarchical na-
ture of these data structures leads to an average-case logarithmic time complexity
O(log(N)). However, as Bentley [10] notes, worst-case performance may degrade to
O(N) if the tree becomes unbalanced. Consequently, performance depends on the
spatial distribution of the objects.

2.2.2 Entity Component System

Another optimisation strategy is to adopt a data-oriented architecture, such as the
Entity Component System (ECS) [12]. As opposed to the traditional object-oriented
approach, where each game object encapsulates both its data and behaviour, ECS
separates objects into three parts: entities, components, and systems. An entity
represents an identity, components store only data, and systems contain the logic
that operates on all entities with a given set of components. This separation makes
it possible to organise data by component type rather than by object, so that the
values of the same kind are stored contiguously in memory.

8
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2.3 Game Design

There are multiple factors that game developers have to keep in mind in order to
make a well-designed game. Some of these factors include the user interface, user
experience, accessibility, and puzzle design, as well as game design frameworks.
These factors form the main key points when designing systems for users, often the
input and output components.

2.3.1 MDA Framework

The Mechanics, Dynamics, and Aesthetics (MDA) framework [13] breaks down the
different parts that make up game design into three layers. The framework describes
Mechanics as the algorithmic and data oriented side of a game’s design. How these
Mechanics behave within the game in response to inputs by the player is called
Dynamics. Lastly, the Aesthetics describe the player’s emotional response, and in
turn, whether the game could be engaging. The game designer is to think about
game design in the order of Mechanics, Dynamics, and then Aesthetics, while the
player perceives them in the opposite order. By moving between these three layers,
game designers can perform better analysis of their games and ensure a well-designed
final product.

2.3.2 Puzzle Design

As Bjork and Holopainen [14] claim, puzzles can be solved through two different
approaches, namely inductive or deductive reasoning. Giving the player room to
experiment and observe actions and consequences can aid them in coming up with
theories about the solution. The authors argue that the process of testing and re-
jecting hypotheses is in itself puzzle solving, even though this may not necessarily
lead to being closer to finishing the puzzle.

In an article they wrote, Davies [15] brings up the importance of making the player
understand the puzzle, as opposed to simply solving it. Davies means that overcom-
ing the puzzle through understanding provides a sense of accomplishment, yielding
a "eureka moment", which is a goal for the puzzle designer. In line with this, Arvi
Teikari [16], one of the creators of the puzzle game Baba is You, expresses that his
motivation when designing puzzles is to amaze the player, or to pleasantly surprise
them.

This is elaborated upon when Davies [15] interviews the game developer Jonathan
Whiting, who suggests that an engaging puzzle game is one that applies the cycle of
learning and mastering game mechanics effectively. The puzzle designer must thus
be aware of how to guide the player toward the intended solution without giving
away the solution outright.

Game designer Alan Hazelden, who is also interviewed by Davies [15], further elabo-
rates on the importance of frequently leading the player to new revelations. Solving
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several levels using the same method or thought process is not very interesting or
engaging according to Hazelden. However, this does not mean that different game
mechanics must always be introduced to keep the player engaged. Hazelden sug-
gests exploring the full potential of existing game mechanics by applying them in
new ways as this can lead to a deeper understanding and thus, more interesting and
satisfying revelations.

2.3.3 User Experience

User experience (UX) [17] concerns the entire process of designing a product and
encompasses the entire user journey, most importantly delivering a solution that
addresses pain points and needs. User experience (UX) and user interface (UI) are
often interchangeable terms, but UI can be considered as a subset of UX. Accessi-
bility is also considered part of user experience as it relates to user needs. The next
sections will focus more on Ul as well as accessibility, while this section will focus
solely on UX.

As Bernhaupt [18] discusses in their book, UX can also be seen as an umbrella
term connected to Human-Computer Interaction (HCI) research with the goal of
understanding the role of affect as an antecedent, a consequence, and a mediator of
technology. Bernhaupt describes different dimensions of user experience which have
been addressed by researchers in the domain of HCI and games, as seen below.

Aesthetics: This dimension describes how aesthetically pleasing or beautiful some-
thing is perceived. The pleasure gained from sensory perceptions is something the
visual experience deals with.

Emotion: A key factor of UX is emotion. One of the three main factors contribut-
ing to product experience is emotional experience, including feelings and emotions
that are elicited.

Stimulation: To what extent a product can support human need for innovative
functions, interactions, and contents is described in this dimension. Stimulation can
be described as something which can lead to new impressions, opportunities, and
insights.

Identification: To what extent a certain product allows the user to identify with
it is indicated in the identification dimension. The human need to express one’s self
through objects is addressed in this dimension. Self-expression through an object to
communicate identity can be seen as identification.

Other dimensions, factors, and constructs exist that are related to user experience
[18]. All of these concepts allow for the measurement of the characteristics of UX.

The experience of playing games is supposed to be positive. Bernhaupt [18] asso-
ciates this experience with the terms immersion, flow, and presence. These terms
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can be described in different ways. Llanos and Jgrgensen [19] describe the term flow
as a deep level of concentration or attachment. The passage of time can seem to
disappear during flow due to deep focus on an activity. Regarding games, flow can
be associated with different aspects depending on the player. For some, flow can
be initiated by following a plot or exploring an environment. Bernhaupt [18] claims
that flow can be characterised as ease of doing and enjoyment, as well as absence
of boredom and anxiety. Furthermore, Llanos and Jgrgensen [19] use the term im-
mersion as another way of describing involvement. It is often associated with the
experience of being absorbed in the game world and surrounded by its environment.
Presence is the psychological sense of "being there" in a virtual environment.

2.3.4 User Interface

Compared to user experience (UX) a user interface (UI) focuses more on the surface
and overall feel of a design [20]. A good Ul is something users find easy to use and
pleasant.

When developing UI, the concepts of diegetic and non-diegetic can be applied [21].
The terms originate from literary and film theory, but can be adopted to game stud-
ies. However, the meaning of the terms will change slightly when migrating from
one medium to another. Diegetic describes features existing in the game world and
its total world of narrative action, while non-diegetic describes features that are
external to the world of narrative focus.

Diegetic elements are more narrative focused and can provide a greater sense of
immersion [22]. The information to be displayed is embedded within the virtual en-
vironment, making them seen as "belonging" to the world. Displaying information
in this way resembles the experience in the real world, which can enhance realism
and immersion [23]. Non-diegetic elements do not necessary have to disconnected
from the act of gameplay, rather they are often centrally connected to it [21]. Non-
diegetic elements can be placed as an overlay, often as a Heads-Up Display (HUD).
These overlays are independent of the world geometry of the virtual environment.
Non-diegetic Ul may appear intrusive or disconnected from the environment, result-
ing in disrupting the sense of "being there".

Portal 2 [24] is an example of a puzzle game that uses both diegetic and non-
diegetic elements. As can be seen in Figure 2.2, the portal gun is an example of a
diegetic element, since it changes colour depending on the last portal placed. The
game also uses non-diegetic elements to indicate what portals are active, which can
be seen in the centre of the screen around the crosshair.
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Figure 2.2: Portal 2 [24] incorporates both diegetic and non-diegetic elements.
This screenshot was taken from a video walkthrough made by IGN [25].

The concept of diegesis is discussed and studied by Pfister and Ghellal [22] in their
conference proceeding. The authors concluded that diegetic and non-diegetic ele-
ments significantly influence the player experience, but it needs to be considered
that the study was only made with a 2D prototype and is not general. The study
findings suggested that when certain elements such as menu, pause function, score
system, life indicator, or tutorial are implemented in a non-diegetic way, there is an
increase of immersion.

Diegetic UI can improve immersion, it can also reduce usability, which Jiang et
al. [23] claim in their research on diegesis in video games, but specifically VR en-
vironments. The article discusses how diegetic UI can improve immersion, but may
also reduce usability. The authors state that non-diegetic UI can be favoured for its
clear presentation of information, while diegetic UI can be valued for its immersive
qualities.

Traditional overlay features are not typically perceived as particularly intrusive by
players, even if they would otherwise break the immersion, as long as the Ul features
are clearly motivated and provide relevant information in the given game situation
[19]. These non-diegetic elements (icons, menus, and windows) are accepted since it
enables players to navigate and play the game effectively. But if these Ul elements
provide information in an unclear and inconsistent manner, giving more information
than needed, there is a risk of players becoming annoyed.

The UI should show information in a sufficient and relevant way that allows players

to interact meaningfully with the game mechanics and world [19]. For some players,
emotional engagement in the fiction is important, while for others, the gameplay
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structure is more important. While designing the UI, it is important to be mindful
of what kind of game experience is desired to be created. The common factor is still
that the Ul elements should not contain more information than necessary, since this
may risk ruining the involvement.

2.3.5 Accessibility

Inaccessible game design makes the experience of playing video games unavailable
to certain groups of people, such as those who are unfamiliar with video games,
or who have some kind of impairment that is not being accounted for. This alien-
ates these people from the world of video games. Inaccessibility is often accidental,
which is why it is important to consider accessibility when creating a game [26].
Making games accessible to everyone, however, is no easy task, as different players
might have vastly different needs. There are available accessibility guidelines [27]
that can function as checklists over what features a game could have to improve ac-
cessibility, but these can still not ensure a specific player is able to play the game [28].

Implementation of recommended accessibility features can be appreciated by a large
share of the player base. Many players can, because of these features, enjoy games
they might otherwise struggle with. Some accessibility features include allowing
players to adjust the game’s controls, using both audio and visual cues, and giving
players the option to bypass certain content, such as quick time events and some
puzzle mechanics. An example of a mechanic bypass is the game It Takes Two [29],
which has a setting that enables players to press down buttons once every second
instead of repeatedly pressing them in quick succession. One hurdle game designers
might face when implementing these features is the balance of providing helpful
hints and bypasses while keeping the game as challenging as intended.

Accessibility options can be divided into two categories: access and challenge [28].
The access options focus on the player-loop while the challenge options focus on
the game world. Some categories touch on areas that would aid this project. The
training options include tutorial levels which would be beneficial. The presentation
option could also be of interest, but for this project, it is considered higher priority
to have this type of accessibility in mind when designing the game and making assets
rather than adding several options in the settings.

Using colours is a common way of conveying information, however people with
hardships in differentiating certain colours, like those with colour blindness, risk
not perceiving the information trying to be conveyed if colour is the only tool used.
Avoiding using fixed colours as the only means of conveying important information
is a basic requirement for accessibility relating to vision [27]. For example, 8-10% of
men have colour blindness relating to the colours red and green, the most common
type. It is instead recommended to use colours only secondary to text, symbols,
patterns or shapes. It is furthermore advised to be aware of contrasts. For example,
distinguishing similar motifs, like football teams from a distance, becomes easier if
one team wears clothes of a light colour and the other a dark colour. The lightness
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or darkness of a colour is also called its value [30] and the value contrast plays an
especially important role in the readability of a subject. Furthermore, value contrast
can be used to divide content into layers. An example of this is a book, which is
readable due to its high value contrast, with black text against a white backdrop,
despite the complete lack of colours.
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Methodology

This chapter presents the methods used to implement the game and the tools utilised
in the development workflow. It includes the entire development process and the
methods by which the game has been tested.

3.1 Tools Outline

The project was developed using Unity [31] game engine. The motivation behind
choosing this game engine is that Unity provides built-in systems for rendering, input
handling and physics. Additionally, it has its own data-oriented design paradigm in
the form of Unity DOTS [32], which makes it overall suitable for implementing and
testing real-time performance-heavy flocking behaviour within an interactive game
environment. Another reason for choosing to develop the game in Unity using C+#
is because it has been used to implement flocking behaviour successfully in the past
[33]. An additional reason for this choice was that this was the game engine that
the group’s members had most previous experience with.

Version control was handled by using Git [34] with a shared repository on GitHub
[35], allowing for collaborative development and version management throughout
the project.

For task planning and coordination, Trello [36] was utilised and used as a Kanban
board, while day-to-day communication and quick feedback between group members
took place through Discord [37] and in-person meetings.

2D-sprite assets, animations and some Ul assets were created using digital art soft-
ware and imported into Unity [31] during development. The software used were
Krita [38] and Affinity [39] for 2D illustration, while animation was done only in
Krita.

Music and audio assets were composed using MuseScore [40], Cubase [41] and Wuwise

[42] before being integrated into the game. These tools allow for the creation and
iteration of sound and music that support the gameplay experience.
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3.2 Workflow

In order to maintain a steady progression for the project that ensures alignment
across the team in terms of programming, design, and assets, an iterative approach
with regular communication and continuous testing was used. This allowed features
to be implemented, evaluated, and refined through continuous improvements in de-
velopment.

The development process can be divided and represented by the following stages:

1. Planning phase with brainstorming and discussions. The initial phase in-
cluded researching relevant topics, deciding the purpose and scope of the
project, the core functionality of the game, and how the overall development
process should work. The MoSCoW was created during this stage, which set
the outline of the project. A preliminary timeplan was also created to map
out both internal and external deadlines.

2. Development of the minimal viable product (MVP) that contained the
must-haves of the MoSCoW model. After planning, the development of the
actual game started, where the focus was on implementing core functionality
with placeholder art assets.

3. Test phase 1 was initiated after the MVP was finished, where the game was
tested in multiple sessions. Continuous development and implementations
occurred during this phase to add more features to the game and polish it.

4. Additional development that focused on the should-haves of the MoSCoW
and polishing existing features from feedback gained from the playtesting.

5. Test phase 2 was initiated after some additional features had been imple-
mented.

6. Finishing touches were implemented after the last testing phase to conclude
the development of the game.

3.2.1 Agile

The game was implemented using an agile workflow [43]. Using Trello [36] as the
Kanban board, cards were created for different tasks. The first tasks created were
focused on creating the MVP, meaning it focused on the must-have features of the
MoSCoW. The tasks later focused more on the additional development of the should-
haves and on polishing the game. Each card was assigned to one group member and
placed in a specific status stage. For example, a card can be marked as "in progress"
or "blocked". Each card also included a definition of done, along with checklists that
provided more details about the implementation of a specific task. The cards had
different labels attached to them to more easily distinguish the various work areas.
For example, a card could have the labels "UI/UX", "Art" or "Programming'. There
were two scrum meetings per week and the sprints lasted from Tuesday to Friday,
and Friday to Tuesday.
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Figure 3.1: Screenshot of Trello [36] during the development process of the MVP.

3.2.2 Distribution of work

The work in the project was distributed across the group based on their primary
areas of responsibility, while still allowing overlap when needed. Each member was
assigned a domain, each with their own responsibility. The members were assigned
according to personal interest and experience. Any major design decision still had
to be discussed with the group, and a collective decision was made to ensure consis-
tency throughout the project.

The distribution of the main domains were as follows:
e Linda Bergevald - Level design.
o Adrian Danielsson - UL/UX design.
o Jonathan Jansen Grand - Art, concept art, character design, and animation.
o FErik Larsson - Flocking behaviour and engine programming.
o Flsa Lenz - Gameplay programming and music.
e Salar Loran Telo - Project leader and audio.

3.3 Flocking Behaviour

A central technical objective of this project is the implementation and integration
of flocking behaviour in a game. This consists of the actual implementation of the
algorithm in the Unity [31] game engine, as well as integrating it into the game
which enables meaningful player interaction with the flocking behaviour. Though,
as previously shown, the boids model is a conceptually simple flocking algorithm,
its deployment within a real-time interactive environment presents some practical
implementation challenges.

Firstly, the base boids model consisting of separation, cohesion, and avoidance was
implemented. The calculation of the separation from a neighbour scales with the in-
verse square of the distance to said neighbour, which during testing resulted in more
believable motion of the flock when compared to using the inverse distance. Align-
ment force for a given boid is calculated as the average velocity of its neighbours
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minus the boid’s current velocity. Cohesion was calculated in the same manner as
alignment, with the only difference being cohesion uses the position instead of the
velocity of its neighbours. Lastly, each factor is multiplied with its assigned weight
before combining, allowing for individual tuning of how strong the steering factors
are compared to each other.

However, as previously discussed, the time complexity of a naive implementation
of the boids algorithm is O(N?). Such a time complexity quickly became problem-
atic as the number of agents in the flock was increased, especially considering the
application is a game that runs in real time in which lacking performance is immedi-
ately noticeable to the player. To counteract this problem, spatial partitioning and
indexing techniques were implemented. Of the most common techniques, notably
k-d trees and spatial hashing (as discussed in subsection 2.2.1), this project elected
to implement spatial hashing for the positions of the boids to accelerate neighbour
queries.

Next, additional behaviours other than the base flocking were necessary to realise
meaningful player interaction with the flock. These behaviours include boundary
conditions, obstacle avoidance, as well as target attraction and repulsion. For the
boundary conditions, this project used reflective boundaries, meaning a soft steering
force back toward the interior is applied on agents outside of the level boundaries.
Obstacle avoidance is implemented through a combination of soft boundary steering
and hard normal force calculations, modulated by a hardness parameter. Two steer-
ing forces are computed for each obstacle boundary: a soft avoidance steering and a
hard normal force. The soft steering force is applied when a boid is within a config-
urable margin of an obstacle boundary, scaling with its proximity to said boundary.
The hard normal force activates only when a boid is inside an obstacle boundary,
pushing it directly outward with a magnitude proportional to the penetration depth.
Finally, these forces are combined using a hardness value, where a hardness value of
zero relies entirely on soft steering and a hardness value of one uses only the normal
steering force. This allows per-obstacle tuning of how boids avoid them. Target
attraction or repulsion is the primary way in which the player interacts with the
flock in the game, and was implemented in the form of configurable battery pillars
that are placed in the game world, affecting the boids in its influence radius. Each
pillar either attracts or repels boids within its influence radius using a soft steering
force which scales quadratically with the boid’s proximity to the pillar.

3.4 Game Design

The purpose of the project includes designing a video game, thus it is important to
consider different aspects regarding game design and to recognise what challenges
may arise.
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3.4.1 Gameplay

In the context of the MDA framework [13], the gameplay encompasses both Me-
chanics and Dynamics. The swarm of bugs that exhibit flocking behaviour is part
of the Mechanics and how the player can manipulate them via objects in the level
corresponds to Dynamics.

The gameplay consists of a playable character and a swarm of bugs that exhibit
flocking behaviour that can be manipulated by the player. The playable character is
able to move around and can interact with certain objects by shooting a projectile
on it. The gameplay contains different interactable objects that the player or flock
can manipulate. These objects are as follows.

o Chargepad that the swarm of electric bugs can power up, which in turn
produce electricity to open doors.

o Battery pillar that the player can activate by shooting a projectile on it.
There are two types of pillars: attracting and repelling. When an attracting
pillar is activated, the flock is attracted to it and gathers around it. When
a repelling pillar is activated, the opposite happens, the flock is repelled and
moves away from it.

o Archetype selector that the player can activate by pressing "E", which in
turn will change the fundamental behaviour of the flock. For example, it can
make the swarm flock more closely together or have them spread out more.

The game consists of levels where the player needs to complete puzzles in order to
progress. After a puzzle is completed, a door will open where the player can exit the
level and progress to the next one. The player managing to deduce the solution to a
puzzle is supposed to lead to the revelatory "eureka moment", previously discussed
in subsection 2.3.2.

3.4.2 Level Design

The game’s levels were constructed with the intention of introducing the mechanics
of the game one at a time in order to give players the opportunity to explore the
gameplay while not getting overwhelmed.

The first level introduces the chargepad and the attracting battery pillar (see
Figure 3.2a). This level can be completed by activating the attracting battery pil-
lar, causing the swarm to get closer to it and in the process also entering the range
of the chargepad, powering it up to open the door. The goal was to make this level
simple to complete and provide players with an understanding of the core gameplay
of influencing the movement and behaviour of the flock to complete the puzzles. By
placing the battery pillar on a floating platform inaccessible through traversal, the
player is also taught to use the hand-projectile and the bugs to cover for the player
character’s limited movement options. This level also includes a tutorial to further
help players familiarise with the game.

The second level introduces the repelling battery pillar and intended to feature
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a more challenging puzzle (see Figure 3.2b). Similar to the previous level, it can
be completed by guiding the swarm to the chargepad and thus unlocking the door.
The additional challenge comes from players having to manipulate the movement of
the swarm in a more intricate way, using the repelling battery pillars to concentrate
the bugs on one side of the level and then guiding them into the walled off area with
the attracting pillar. This level does not have a tutorial nor does it have inacces-
sible platforms, opting to instead give players more freedom to explore the game’s
mechanics at their own pace. The dynamics aspect of the MDA framework [13] are
prominent here as several forces can be combined to affect the bugs in a multitude of
ways. Ideally, players will be equipped to handle this challenge with the knowledge
they get from the first level together with some experimentation of the new mechanic.

The third level is the last level in the game and introduces the archetype se-
lector (see Figure 3.2c). This level’s chargepad is surrounded by walls with a gap
too small for the player to enter. They must instead get the bugs into the area.
This can be achieved by guiding the swarm with the attracting pillars and using the
archetype selector to make it easier for the bugs to first enter the area and power
up the chargepad. The goal with this level was to expand on the behaviour of the
flock itself by allowing players to change between archetypes.
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Figure 3.2: Levels from final version of the game.

3.4.3 User Interface

The game contains different menus and screens as well as various other visual el-
ements, all of which collectively constitute the game’s user interface (UI). It was
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discussed which UI elements would be necessary to implement and what would
make the game feel cohesive and easy to navigate through. The following menus
and screens were developed:
e Main Menu - The menu that is displayed when starting the game where the
player can navigate to other menus.
e Level Selection - The menu where the player can select which level to play.
e Settings Menu - Where the player can change audio options. The goal was
also to have the player be able to reset level progression, though functionality
for this was never implemented.
o How-To-Play Menu - Contains information about controls input and basic
explanation about the game mechanics together with visual illustrations.
o Credits Scene - Contains attributions and can be accessed via the main menu
or after completing the last level.
o Pause Menu - The player can pause while in-game to quit, change options
or look through the How-To-Play.
o Level Completion Screen - Screen that appears after the player finishes a
level where they can either go to the next level or quit.
o Loading Screen - Screen that appears when the game is loading, for example
between levels. The screen contains general tips.
« Heads-Up Display (HUD) - The game has a very simple HUD that only
contains a pause button. As extensions to the HUD, pop-ups at times appear
in the game, such as tutorial boxes and button prompts.

As mentioned in the theory section, it is important to have a Ul with clear and
relevant information. The UI should not contain more information than necessary,
as this increases the risk of annoying the player. This was considered during the
development of the Ul. The information needed to be displayed in an efficient way
without overdoing it and breaking the immersion.

Another consideration was to find a good balance between aesthetically pleasing
UI and clear, informative Ul It is important to know which game situations war-
rant a clearer Ul over an aesthetic one.

The visual design of the UI needed to be coherent with the style of the game.
The UI should feel immersive while still retaining its usability. This was taken into
consideration when developing the graphical profile of the Ul. The menu buttons
were designed to be clear, informative and readable. To make it more coherent with
the style of the game, the same colour palette (see Figure 3.20) was used in all of
the UI elements.

While in-game, the majority of the Ul was diegetic and part of the game envi-
ronment in order to not break immersion. One of these diegetic elements is the
progress bar on the chargepad, which provides information while still being part
of the game world. Non-diegetic Ul was implemented in the HUD, like the pause
button in the corner, as these elements are not part of the game world. In the first
level, there is a tutorial where non-diegetic UI was implemented, as can be seen in
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Figure 3.3. The reason for this was to have the information clearly displayed so that
the player could easily learn the mechanics of the game. In the third level, where
the archetype selector is present, the player will get a control input indication when
moving close to the game object (see Figure 3.4). This indication is also non-diegetic
and serve the purpose of conveying information.

[5

: - Power up the
v chargepad

Figure 3.3: The first level contains non-diegetic Ul Figure 3.4: The
elements to display clear information as a tutorial.  archetype selector has a
Diegetic elements can also be seen in the progress bar  button prompt, which
of the chargepad and the electrical sparks between it js a non-diegetic Ul
and the bugs. element.

The different menus started out as simple placeholders with focus on functionality,
but were later polished to better fit the aesthetics of the game. The menus and
different UT elements were developed in Unity [31] using the UI Builder. Figure 3.5a
shows the early process of making the main menu in UI Builder. After continuous
development and polishing, the main menu was changed to what Figure 3.5b shows.
Each menu in the game was developed iteratively and polished throughout the whole
development process.

(a) Early rendering of the main menu (b) Final version of the main menu
using the UI builder. containing original game title art and
tips that interchange.

Figure 3.5: Renderings of the Ul for the main menu.
Most of the Ul elements were illustrated using the UI builder, which in turn is
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inspired by HTML and CSS, meaning the elements were designed using style sheets.
Some UI elements were illustrated using the creative software Affinity [39] to make
them more detailed and stylised. These elements were designed with immersion in
mind. Some examples are the art for the controls in the How-To-Play menu (see
Figure 3.6a). These UI art assets followed the style of the game more closely.

How To Play How To Play

Use WA 'S D to move around

Navigate the levels together wit

The swarm produce electricity, meaning they can
help generate power.
Aim with mouse

Left Click to shoot projectiles

(c) The third page.

Figure 3.6: The How-To-Play menu.

The different Ul elements gave visual feedback in the sense that the appearance
slightly altered when the mouse is hovered over or the element is clicked on. In
addition to this, audio feedback was also included by adding different sound effects
when hovered or clicked. This was implemented to make the navigation easier and
to better convey information about the Ul functionality.

It was decided to make a logo and special game title art for the game that would be
present in the main menu and credits scene. These were also made in Affinity [39)
and iterated on throughout the development of the project. Figure 3.7 shows the
different versions of the game title.
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Control

Figure 3.7: Iterations of the game title with the final version at the bottom.

3.4.4 User Experience

While developing the game, the different user experience dimensions (aesthetics,
emotion, stimulation, identification) were considered [18]. To be able to follow the
different dimensions in addition to having the game give a good experience of im-
mersion, flow and presence, was a challenge, especially for a shorter game.

By creating a puzzle experience, mental stimulation was possible to achieve. The
puzzles varied in difficulty, requiring the player to think and thereby increasing the
stimulation achieved.

In order to evoke emotion from the game, focus was given to layering the visu-
als. By focusing on having a good aesthetic with auditory experience and managing
some environmental storytelling, the goal of evoking emotions could potentially be
achieved. By evoking emotion, identification could possibly be achieved as well, by
having the player feel a connection to the game and be able to identify with it.

To make the game more engaging, there was also a goal to achieve a feeling of
immersion. By having an intriguing gameplay and puzzle mechanic together with
a pleasing aesthetic, feelings of immersion, flow, and presence could be increased.
Making the gameplay interesting and satisfying can increase the feeling of flow,
creating a focus on the activity while evoking enjoyment and reducing boredom.
Making the player feel involved in the game and absorbed by its environment in-
creases the feeling of immersion as well as presence.

In order to determine if these dimensions of user experience were achieved, user
testing was conducted to gather feedback.

3.4.5 Accessibility

Accessibility was considered and discussed during early development. It was, how-
ever, not of high priority to feature any separate accessibility settings in the final
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product. Accessibility was still kept in mind throughout development of the visuals,
as the aesthetics from the MDA framework [13] are what make the first impression
to the player and are thus important.

It should be noted that the colour palette was not chosen with colour blindness
in mind. For example, as the most common colour blindness affects how a person
sees the colours red and green, the battery pillars, seen in Figure 3.9, could have
made use of different colours to convey their differences better. However, as green
was already prominently used to depict plant life within the game, it was decided
that other techniques could be used to cover for the suboptimal colour choice.

Being aware of value contrasts was one technique used to account for colour blind-
ness. For example, deactivation of a game object was communicated by dark values,
while the activated versions instead made use of light values, as illustrated by Figure
3.10.

Figure 3.8: The deactivated (top) and activated (bottom) versions of the
chargepad, attracting battery pillar, and door. The left image shows how greyscale
versions show how light and dark values signal different states of activation, even
without colour.

Similar activated objects conveying different states relied more on shape to distin-
guish between them. Examples of which being both the battery pillars, showing
either plus or minus to convey their different functions, and the archetype selector,
displaying graphical representation of the bugs’ behaviours. These variations are
shown in Figures 3.9 and 3.10.
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Figure 3.9: The attracting and re- Figure 3.10: The yellow and green
pelling battery pillars in colour and archetype selectors in colour and con-
converted to greyscale. Instead of verted to greyscale. Instead of value,
value, the difference in shape is used the shape of the logo is used to com-
to distinguish the function. municate the selected archetype.

During the development of the game, it was considered that gaming experience can
vary between players and that not every player may know basic video game controls
or mechanics. The How-To-Play menu and tutorial textboxes were included as an
attempt to make the game more accessible, regardless of previous experience. During
early stages of development, only a basic How-To-Play menu existed with control
inputs (see Figure 3.6a), but it was deemed insufficient for understanding the game.
The tutorial was then implemented, in addition to having more slides on the How-
To-Play menu to further increase the accessibility. The additional pages (Figure
3.6b and Figure 3.6¢) explains the core game mechanic with text and illustrations,
which serves as a complement to the tutorial level.

3.5 Aesthetics

Aesthetics and theme were considered when developing the game. As discussed in
the theory chapter, aesthetics is part of the MDA framework [13] and an important
layer for designing an engaging game. Additionally, aesthetics are related to user
experience, being one of its dimensions [18]. With a pleasant aesthetic, the overall
user experience could improve, potentially leading to a more engaging experience
for the player.

3.5.1 Style and Theme

After discussions among the group members, it was decided that the game would
take place in a post-apocalyptic world. The player would take control of a robot and
explore the ruins of the old world, while solving puzzles with the help of a swarm
of bugs. The goal was to have the game invoke emotions such as melancholy and
loneliness.

Inspiration was gathered from other video games and also other media such as
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movies, TV-series, music videos, and illustrations, such as the ones in Figures 3.16a
and 3.16b. This inspiration was reflected in the art, music and the different stylistic
choices.

During the development process, the topic of storytelling was discussed. Among
the group, multiple members had a preference for story-rich games, so there was an
interest in incorporating storytelling into the game. However, it was not a highly
prioritised aspect. It was also decided to include no explicit storytelling and instead
focus on environmental storytelling that could convey certain emotions.

3.5.2 Art

The creation of the assets was done in parallel with the level design. This was
accomplished by first defining which elements were needed for the designed levels,
followed by creating the bare minimum of placeholder assets to be used when design-
ing and testing the levels. A leading designer for AAA games, Blake Rebouche [44],
describes this methodology; the level designer "blocks out" a level with placeholders
and later implements the finished art assets during Art Passes. This approach also
allowed the placeholder assets to be thoroughly tested in different sizes and contexts
before creating the final version of an asset. This was done to minimise the risk of
completed assets having to be remade because a different level design was decided
upon when testing. The "blockout" of the first level with placeholder assets can be
seen in Figure 3.11. The earliest placeholder for the player character consisted of
eight simple sprites to be able to tell the direction of the player, the spritesheet can
be seen in Figure 3.12. Likewise, for level design to be performed in parallel with
the asset creation, simple tilemaps were created and later refined. Five additional
variations of the tilemaps for the floor and walls were later created for purely dec-
orative purposes. The earliest, as well as the latest, versions of the floor and wall
tilemaps are in Figures 3.13 and 3.14.

Figure 3.12: The initial place-
holder spritesheet for the player
character facing in eight direc-
tions.

Figure 3.11: The first level with placeholder
assets.
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(a) The initial placeholder tilemap for (b) One of the five finished floor
the floor. Every 128 pixels corresponds tilemaps. This one depicts moderately
to one tile. cracked floor tiles for the purpose of

adding variation to the floor.

Figure 3.13: Initial placeholder floor tilemap and a finished floor tilemap.
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(a) The initial placeholder tilemap for (b) One of the two finished wall
the walls. Every 128 pixels correspond tilemaps. This one depicts cracked
to one tile. drywall tiles for the purpose of adding

variation to the walls. It contains 20
more tiles than the placeholder to
account for walls expanding along all
three axes.

Figure 3.14: Initial placeholder wall tilemap and a finished wall tilemap.

The game assets themselves were drawn using the 2D drawing software Krita [38],
always using a canvas size close to or larger than the asset’s intended size in the
game. All animated assets were also created using Krita, as it contained tools for 2D
animation. All assets were drawn using an established drawing praxis to ensure a
unified art style, no matter the asset being drawn. For example, as the game follows
the top-down perspective, all assets were drawn as though they were seen from the
same angle. This was done by establishing how a cube would look in the correct
perspective and using it as a reference for creating more advanced structures in the
same perspective. Such a cube had a square base, but a height of 3/4 of the base’s
height, as seen in Figure 3.15.
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Figure 3.15: Cubes in the top-down perspective used in the game. Each side is
one unit of length, except the height, which is 3/4 units.

In order to solidify the game’s aesthetics and themes as early as possible, mood boards
were assembled. The mood boards consisted of images featuring motifs that reflected
the desired post-apocalyptic aesthetics of the game. Mood boards can be used as
a helpful tool when communicating ideas between designers and non-designers [45].
As such, the use of mood boards helped ensure the entire development team could
assist in inspiring and establishing the visual identity of the game. Examples of
such mood boards can be seen in Figures 3.16a and 3.16b for the setting and the
character design, respectively.

(a) Setting and environment  (b) Character design of the
of the game. player character.

Figure 3.16: Mood boards. The images are taken from Transistor [46], NieR:
Automata [47], Rain World [48], K ) 59,164 feat. GUMI [49], K ) 55 / Leo/need
50), fES 72T =552k - Bve MV [51], WEE595E - Bve MV [52], Wall-
E [53], Broken Age [54], Overwatch: The Last Bastion [55], Borderlands [56], Portal
2 [24], NieR: Automata [47], and Star Wars: The Rise of Skywalker [57].

After an idea of the aesthetics had been established, concept art was drawn early
on in development. Multiple iterations of concept artworks depicting ideas of the
different aspects of the game were drawn based on the aforementioned mood boards.
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Examples of concept artworks depicting the evolution of the game’s setting can be
seen in Figure 3.17. The setting was decided to be a tall overgrown abandoned
building. This was reinforced by including greenery, rebar, and general deterioration
in all elements.

(b) The final concept art of a level in
run-down building in a the game with variations of the player
post-apocalyptic setting. character placed in the scene.

(c) Concept art of the overgrown (d) The evolution of the concept
building the game takes place in from artworks of the player character.
the outside.

Figure 3.17: The concept artworks of the world and player character.

Similarly, multiple versions of the game’s assets and the character design were ex-
plored before settling on final designs, examples of which are in Figure 3.18 and
3.17d. The final character design combines a man-made robotic appearance with
organic greenery in order to reflect the post-apocalyptic setting and reinforce the
idea of having been abandoned for a long time. The robotic parts made use of
symmetrical shapes with clearly defined planes to look artificial. Furthermore, the
player character’s abdomen was made to be a battery, as it was decided that all ma-
chinery that did not require the electric bugs to function needed to contain a battery
to power themselves. The greenery, on the other hand, made use of asymmetry and
saturated green colours to appear more organic. The white lily on the robot’s head
further emphasised the idea of nature having reclaimed the world, using a clear
plant-motif. The white lily was chosen due to it symbolising rebirth and purity in
the language of flowers [58]. These terms aligned with the themes of the game as the
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post-apocalyptic setting was to be more focused on the beauty of a world reclaimed
by nature, rather than the darker implications of a destroyed world.
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Figure 3.18: The evolution of the appearance of the battery pillar.

Minor details were, however, changed between the concept artworks and the finished
assets due to the added context of being able to view the assets within the game.
The most significant redesigns were done to the player character in order to look
better in-game and become easier to animate. The redesigns amounted to more
muted colours, the more symmetrical flower atop the head, and thinner wing-like
greenery on the back, as seen in Figure 3.19a. Such redesigns helped save a lot of
time as the player character in its entirety was made up of 56 unique hand-drawn
images (walking for six frames in all eight directions, as well as standing idly facing
all eight directions), meaning even small additions to the character design could lead
to a lot of additional labour. As examples, a few of the finished animation frames
of the player character can be seen in Figure 3.19b and 3.19¢. Another example of
a practical redesign was the colour of the bugs being changed from blue to yellow
in order to be more visible against the pale-blue backdrop.

Phss ey $EEEES

(a) Idle sprites facing all eight (b) Player character walking west. The
directions. animation loop consists of six frames.

(c) Player character walking

south-east. The animation loop
consists of six frames.

Figure 3.19: The final spritesheets of the idle pose and walking animations.

A colour palette was established by sampling the colours of the concept artworks, as
seen in Figure 3.20. Said palette was then used by the artists when designing both
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the game world’s art assets, as well as the Ul elements. This resulted in the artists
being able to create unified aesthetics for all parts of the game.

Figure 3.20: A colour palette used by the artists when designing assets.

Toward the end of development, purely decorative elements were drawn in order to
further immerse the player in the game world. In order to show the decay of the
building the game takes place in, broken variations of the base tilemaps, like the
ones seen in Figure 3.13b and 3.14b, were overlaid over the existing levels to depict
wear and tear over time. To further decorate the stages, assets for moss and rebar
were created and placed above the tiles. In Figure 3.3, one can see an example of a
level before the decorative elements were implemented, and the final version can be
viewed in Figure 3.21.
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(a) The first level with all decorative (b) The second level with more
elements implemented. atmospheric perspective than the first

level due to its higher altitude.

Figure 3.21: The first two levels, fully decorated. The atmospheric perspective
increases every level to show an increase in altitude.

To help sell the idea of being inside a tall building, a backdrop was also constructed.
It portrays a cityscape from above with clouds passing by and large tree branches
stretching from the sides to illustrate the concept of a tree having grown around the
building, as illustrated in Figure 3.17c. Atmospheric perspective increasing when
being higher up was done by both having a bright image overlay the background and
also by creating brighter variations of the background assets. This can be observed
when comparing Figure 3.21a with Figure 3.21b, the latter being set at a higher
altitude. In order to account for potentially having a high amount of levels, and
thus a high building, the cityscape image was drawn as a texture that could be
expanded by repeating it along its sides. Thus, the cityscape could potentially be
zoomed out indefinitely. The textures can be seen in Figure 3.22.
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(a) Original texture. (b) Repeating variant of texture.

Figure 3.22: Textures of cityscapes.

Frequent inquiries were made to the entire development team to ensure the assets
being drawn were of sufficient quality and followed the agreed upon style of the
game. This could include whether the asset fit the game setting or not, whether
the asset supported or distracted from a puzzle, or if the asset sufficiently kept
accessibility in mind. Frequent feedback thus led to a game whose visuals were
carefully constructed to aid the user experience as a whole.

3.5.3 Sound Effects

The sound effects were developed iteratively to support clarity, feedback, and overall
atmosphere in the game. Given this project is a puzzle game built around players’
indirect interaction with the flocking entities and the environmental objects, the
sound design focused on making important actions easier to perceive and interpret.
Priority was therefore given to sounds connected to movement, interaction, Ul nav-
igation, and charging related events.

The sound effects were produced using Wuwise [42], which made it possible to or-
ganise, test, and adjust audio events directly in relation to gameplay. In Wwise, the
sounds were organised into categories based on their function in the game, such as
UI sounds, interaction sounds, and ambient or environmental sounds. This made
it easier to iterate on groups of related sounds and maintaining a more structured
implementation. This structure can be seen in Figure 3.23.
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Figure 3.23: The Wuwise [42] project hierarchy used to organise audio assets by
function, including separate categories for ambience, music, sound effects, and Ul
audio.

The implemented sounds were connected to gameplay through audio events, allow-
ing specific sounds to be triggered when the player performed certain actions. Some
examples of audio events are sound effects for when the player launches the hand
projectile, the door opening, and a jingle for when the player completes the level.
The sound effects also had to remain noticeable without becoming overwhelming
during repeated play. This was addressed by iteratively adjusting volume, timing,
and overall character of the sounds in relation to the feedback and pacing of the
game. In practice this meant that sounds with an informational purpose, such as a
door opening, were kept short and distinct, while more atmospheric sounds, such as
wind, were made less intrusive so that they support the world of the game, without
interfering with the puzzle-solving aspect.

The final set of sound effects was essentially intended not only to enhance the im-
mersion, but also act as a practical layer of feedback that complemented the game’s
visual design and readability.

3.5.4 Music

The music was developed with inspiration from the song Dirtmouth [59] from the
game Hollow Knight [60], specifically the track as published in Hollow Knight (Orig-
inal Soundtrack). This source of inspiration was chosen because the members of the
group agreed that it gave the correct kind of melancholic and lonely feeling that was
desired for the game. Since the game takes place in an abandoned and to some ex-
tent overgrown environment, the music was intended to reinforce a sense of stillness,
decay, and quiet reflection rather than urgency.
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The composition was initially written in MuseScore [40], where the melody, bass,
and chords were first sketched for solo piano. This allowed the musical ideas to be
developed in a simpler form before any arrangement and production decisions were
made. The initial piano sketch can be seen in Figure 3.24.
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Figure 3.24: The initial piano sketch of the background music written in MuseScore
[40], showing the harmonic and melodic foundation that was later arranged and
produced for in-game use.

The piece was in rondo form, making it naturally loop smoothly by simply ending
the piece with a dominant chord and beginning it with a tonic. This made it so that
it could play continuously during gameplay without abrupt transitions. The rondo
form allowed for reintroducing familiar material while still allowing for variation,
which helped the loop feel coherent without becoming too repetitive. The harmonic
language was centred around the key of D minor, along with the use of diminished
chords with dominant function, to achieve the melancholic feeling sought. The chord
of D minor was repeatedly used, grounding the music in that key. This made it so
that the chords with dominant function were clear in their purpose. The music was
written as four groups of eight measures, with each group structured as a perfect
authentic cadence starting on the tonic and ending on a chord with a dominant
function. This made it so that groups always resolve seamlessly into the next. This
made each round of the rondo have a strong sense of tension and release.
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After the music was written in MuseScore [40], it was arranged, orchestrated, and
produced in Cubase [41] and adapted further to fit the intended atmosphere of the
game. This stage involved selecting instrumentation, shaping dynamics, and refin-
ing the overall texture of the track so that it better matched the visual identity of
the game. Attention was also paid to tempo, register, and rhythmic density, as a
slightly slower and more restrained musical expression was considered more suitable
for a puzzle game in which concentration and atmosphere were more important than
tension. The produced track was then prepared for integration together with the
rest of the audio assets.

3.6 Testing & User Feedback

To gather feedback on what could be further developed and whether the research
question had been answered, playtesting of the game was conducted. These playtest-
ing sessions were conducted simultaneously as part of the development process.

3.6.1 Testing Process

All playtesting sessions had the same structure, consisting of different steps that
incorporated common game user research (GUR) methods [18].

1. Each tester filled out a sign-up form, which informed them about how the data
will be handled and signed an agreement on the data usage. Additionally,
they provided information about their experiences with playing puzzle games
in particular, and video games in general.

2. Each playtesting session had two test moderators, one of whom took on the
role of secretary, taking notes of what the player was saying. The other had the
role of test leader and interviewer. At the start of the session, the moderators
gave a short introduction and explained how the playtesting would work.

3. The tester was given different tasks, such as playing through a level. During
the tasks, the tester was instructed to explain their behaviours out loud while
playing the game, following the think-aloud protocol [18], a natural expansion
of behavioural observation.

4. After the tester completed the tasks, an interview was conducted to ask follow-
up questions and gather additional feedback. Interviews provide direct insight
into the player’s experience, making it a common method of qualitative sub-
jective inquiry [18]. The skill of the interviewer influences the quality of the
data collected during an interview session. Interviews enable a greater degree
of depth when analysing player opinion, emotions, and reactions.

5. Lastly, the tester was instructed to anonymously fill in a questionnaire, en-
abling them to freely criticise the game and for data to be collected in the
form of statistics. A questionnaire is another common GUR method for col-
lecting large volumes of data from many different players [18]. A questionnaire
can be presented directly after a gameplay event or a gameplay session. The
experience remains present in memory, making it less biased compared to re-
calling an experience after the gameplay session.
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The data being collected followed the GDPR [61] guidelines to ensure proper han-
dling of personal data was in place.

The game was tested in two phases during the development process. The first
phase was done after the MVP had been developed with some additional imple-
mentations. Meaning, the game included the must-haves of the MoSCoW, but also
some should-haves. There were two levels in the game, with the second level having
increased difficulty and introducing repelling battery pillars as a new mechanic.

The second phase was done after the feedback of the first phase had been reviewed
and additional features had been implemented. The game version for the second
test phase included all of the must-haves and most of the should-haves. Beyond the
MoSCoW features, multiple visual feedback elements were implemented in addition
to certain art assets being updated. Every session in each phase had the same test-
ing structure with the same version of the game and interview questions, to ensure
consistency.

The playtesting sessions focused mainly on game design, aesthetics, and, overall,
how intuitive everything felt. The testing explored the different user experience di-
mensions and how well the game achieved them. The full list of different tasks and
interview questions for each phase can be found in Appendix A.

Each testing phase aimed to have 12 playtesting sessions, with one participant in
each session. Meaning, a total of 24 playtesting sessions. The participants were not
repeated, since a tester of a puzzle game cannot test the same puzzle again, as the
solution is already known. Therefore, it was decided to have different participants
for every session. An attempt was also made to have a diverse group of testers, with
different experiences in gaming and knowledge of puzzle games.

3.6.2 Tester and Conductor Bias

During testing, it is possible that results are affected by bias, both from the tester
and from the test conductors.

It is important to consider the accuracy of the test results and how much value
can be given to the provided feedback. The people selected for the tests were per-
sonal contacts within the group. This should be considered when looking at the test
results, since it can affect how the testers choose to criticise the game and provide
feedback, since they may have an additional bias on top of those who are already
experienced "gamers" or "puzzlers'.

The tests were conducted by different people with the roles of interviewer and sec-
retary, meaning an inconsistency may have occurred between the sessions. The
interview questions may not have been asked in exactly the same way, meaning
different kinds of answers may have been provided for different sessions.
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Results

The results of the two test phases were evaluated and reflected upon to know what
improvements to the game can be implemented, as well as determine some answers
for the research. The results are presented by figures with data from the forms in
addition to summaries of the observations and answers during the interviews of the
playtesting sessions. Throughout the project, two testing phases were performed,
allowing for iterative improvement on feedback. As part of this iterative approach,
improvements were made to the game between testing phases. In the end, this
resulted in three different game versions: one version for each testing phase, and
one final refined version.

4.1 First Test Phase

As mentioned in subsection 3.6.1, the game version used in the first testing phase
included all the must-haves from the MoSCoW and some of the should-haves. This
version had two playable levels.

The first level, as can be seen in Figure 4.1a, contained an introductory puzzle
where the player was supposed to activate an attracting battery pillar. The first
level did not yet have tutorial pop-ups implemented and the only tutorial that ex-
isted was the control input in the How-To-Play menu.

The second level, as can be seen in Figure 4.1b, contained both attracting and
repelling battery pillars.
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(a) First level. (b) Second level.

Figure 4.1: Levels from the test version of the game, phase one.
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4.1.1 Quantitive Data

For the first phase of playtesting, the data shown in Figure 4.2 was collected from
the sign-up form about the 12 playtesters involved. The ages ranged from 21 to 28,
with most testers being in the lower end of that range. There were more people who
played games frequently than not. The distribution of how much of a "gamer" the
testers considered themselves was quite even, ranging from a score of two to a score
of ten, and was biased slightly towards the higher end. The familiarity with puzzle
games was also relatively evenly distributed, with scores ranging from one to nine.

How often do you play games? How much of a gamer do you consider yourself to
be?
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(a) How frequently playtesters play (b) How much of a "gamer" playtesters
video games. identify as.

How familiar are you with puzzle games?
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(c) Playtesters’ familiarity with puzzle
games.

Figure 4.2: The distributions of self assessment data collected from the sign-up
form, phase one.

The following Figure 4.3 shows the data collected from the post-playtesting question-
naire for the first phase of testing. In summary, testers mostly moderately enjoyed
playing the game, while opinions about the difficulty of it were varied, ranging all
the way from a score of two to a maximum score of ten.

The reason for this may be that testers with less experience playing video games
may not have been properly introduced to the game, while more experienced testers
were able to figure out how the game worked by themselves. However, it is not
possible to verify this hypothesis. This is because the questions regarding testers’
experienced difficulty were part of the anonymous post-playtesting questionnaire,
while questions about their prior experiences were instead part of the sign-up form.
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Finally, frustration levels were also to some extent varied, but not as much as the
feeling of difficulty.

A hypothesis that can be drawn from the post-playtesting questionnaire is that
testers who found the game to be more difficult also found it to be more frustrating,
and vice versa. Testers that gave a high score in difficulty also put a high score
in frustration. This pattern can be seen in majority of the responses in the ques-
tionnaire. However, the enjoyability varied where some testers that found the game
difficult and frustrating could still have a quite high score in enjoyability.

How enjoyable was the game? How difficult did the game feel?
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(a) How enjoyable the game was (b) How difficult the game was
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How frustrated did you feel while playing the
game?
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(c) How frustrating the game was
perceived.

Figure 4.3: The distributions of self assessment data collected from the post-
playtesting questionnaire, phase one.

4.1.2 Received Feedback

In summary, the recurring problems were as follows.

1. It was hard to know what was interactable. This was generally attributed
to the colour and style of the interactable objects being too similar to the
non-interactable objects, making them hard to differentiate.

2. It was unclear how you should go about solving the puzzle, even after reading
the How-To-Play page. This could have to do with the fact that players
were told to look at the How-To-Play page before playing any levels, so the
information might have seemed abstract, since players did not know what the
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game was even about at that point.

. Many testers tried to interact with or shoot at the door to open it at first

before interacting with the battery pillars. This was most likely due to how
the door was designed and that there was a square keypad beside the door
that many testers thought they could interact with.

. There is a lack of feedback from things like the chargepad charging up and what

the battery pillars do, making their purpose and use unclear. This was caused
by this feedback not having been implemented yet, instead being represented
with either placeholder animations or no animation, making it hard to parse.

. Testers did not understand that the bugs were what charged up the chargepad.

This was due to the fact that the chargepads and bugs did not visibly inter-
act, meaning there was no feedback to tell the player that the bugs were doing
anything with the chargepad.

4.1.3 Evaluation

A majority of the testers experienced the game as enjoyable, but some frustrations
existed. Testers often experienced confusion about how the game mechanics worked.
Many testers completed the puzzle without understanding how or why it happened.
The puzzles were completed by "randomly" interacting with the interactable objects
until the door suddenly opened. To address these problems, the following features
were added (along with other, minor changes). The quality of these solutions was
then assessed in the second phase of testing.
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1. A clearer tutorial in the first level, using modal dialogues to walk the player

through the level. This avoids the problem of the player reading the How-To-
Play menu without any context for what the game is like. In addition to this,
the How-To-Play menu was updated with multiple pages to better explain the
game mechanics.

. A simple HUD was created with a pause button in the corner, to have an

additional way to pause the game than exclusively using the "escape" key.
Some testers commented that if you are not experienced with playing games,
it might not be intuitive that "escape" is the key which pauses the game.
Therefore, an additional pause button was implemented.

. An electricity effect between the boids and the chargepads, to indicate that the

boids charged up the chargepad, as well as what the radius of the chargepad’s
range was. This would serve as clear feedback to the player that the bugs and
chargepads interact with each other.

. Pulse effects emanating from the battery pillars, to make it clear that they

either attract or repel. This would make the purpose of the pillars clearer to
the player.

. Art assets were updated to both make the game look more pleasing and to

convey visual information better. One such example is the door getting a
visual update to minimise confusion, which was done by removing the keypad.

. The number of boids were significantly increased to give a better understand-

ing of their behaviour.
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4.2 Second Test Phase

For the second test phase, the game consisted of the same two levels as the previous
test version, but with added improvements, and a new third level. The different
levels can be seen in Figure 4.4.

The first and second level have the same level design as the previous versions, but
with added visual feedback and general polishing. The first level additionally has
the tutorial pop-ups implemented. The second level had wall collisions for the boids
added, which was not present in the previous test version. Additionally, the walls
were made bigger in order to reduce frustration when attempting to get the boids
into the area. The third level introduced a new concept and included an archetype
selector.

el T e

(c) Third le

vel.

Figure 4.4: Levels from the test version of the game, phase two.

4.2.1 Quantitive Data

There were a total of 9 playtesters for this session, meaning the goal of 12 playtesters
was not reached, and the second test phase had a somewhat smaller testing sample
pool compared to the first phase. This was due to time constraints. Similar to the
first test phase, the data that was collected from the sign-up form is represented
in Figure 4.5. The ages this time ranged from 21 to 30, with most testers being in
the lower end of that range. Once more there were more people who played games
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frequently than not. The distribution of how much of a "gamer" the testers ranged
from a score of one to a score of nine. The familiarity with puzzle games had scores
ranging from three to nine, with a majority of testers between five and seven.

How often do you play games? How much of a gamer do you consider yourself to
3 be?
4
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Score Score
(a) How enjoyable the game was (b) How much of a "gamer" playtesters
perceived. identify as.

How familiar are you with puzzle games?
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(c) Playtesters’ familiarity with
puzzle games.

Figure 4.5: The distribution of self assessment data collected from the sign-up
form, phase two.

The following Figure 4.6, show the data collected by the post-playtesting question-
naire for the second phase of testing. It shows a clear increase in enjoyment of the
game, increasing from an average of 5.6 to 6.8, with almost all testers scoring it be-
tween six and nine. Similarly, the experience of difficulty seems to shows a decrease,
though it is not as clear of a change as it was for enjoyment, with the average score
being almost unchanged. Another decrease can be observed in the frustration levels,
decreasing from an average of 4.4 to 4.1. This tracks with the hypothesis presented
in the section for the first phase, as it seems the frustration levels are connected
with feelings of difficulty. In all, these results show an improvement as compared to
the previous phase, indicating progress on the experience people have of playing the
game.
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How enjoyable was the game? How difficult did the game feel?
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Figure 4.6: The distributions of self assessment data collected from the post-
playtesting questionnaire, phase two.

4.2.2 Received Feedback

In summary, the recurring problems were as follows.

1. There was still some confusion about the game mechanics and how everything
actually worked. A possible reason is that there is no introduction or cinematic
act to present the game’s actual concept and environment.

2. Some testers felt that the How-To-Play did not feel that clear, but the tutorial
still explained the basic game mechanics well enough. This could be due to
the How-To-Play explanation might feel too abstract when the player does not
know anything about the game or has not tried playing it yet. Some testers
felt that the How-To-Play worked well as an extra addition to the existing
tutorial.

3. The flock interacted or reacted with the environment too slowly, making some
testers confused whether anything was actually happening. This was due to
the flock not having a strong enough attracting force towards the battery
pillars.

4. There was confusion about the archetype selector and how it worked, even if
the testers managed to complete level three. Many completed it by accident,
without a clear understanding of what actually occurred in the game. A fac-
tor in this confusion could be that the bugs change colours, which happen to
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match the battery pillar, making some testers assume it changed how they
would react to said pillar. Another factor that might have exacerbated the
issue is that this puzzle in large part can solve itself, making it completable
without an understanding of the mechanics.

4.2.3 Evaluation

Even if problems still occurred, many problems were eliminated or reduced when
comparing to the feedback from test phase one. In general, the testers had a better
understanding of the game and could more easily progress through the levels, even
if some confused still existed. This change is likely due to the added visual feedback
and added tutorial.

From the feedback gathered from the test phase, some minor polishing implementa-
tions were added to address the issues. However, the problems that occurred during
the testing were mostly discussed and assessed for further development due to time
limitations. The following features were added for the final version of the game.

1. Original music to give a larger sense of immersion and to evoke emotions.

2. Better aesthetics by decorating the levels with more varied tilemaps and purely
cosmetic art assets like moss and rebar.

3. Adjusted level design to make the puzzles more intuitive. An example of which
being adding a hole in the third level so that the player does not attempt to
enter an area meant only for the bugs. Additionally, the wires leading from the
chargepad to the door were adjusted to better hint at the connection between
the two elements.

4. Bug fixing of undesired phenomena observed during the playtesting. A UI
prompt in the third level never disappeared and could previously be accumu-
lated to fill the entire screen. Furthermore, several stage elements overlapped

one another incorrectly. Some areas where softlocking was possible were also
fixed.

4.3 Finished Product

The finished version of the game includes all of the must-haves from the MoSCoW
prioritisation model and almost all of the should-haves. None of the could-haves
were implemented, which aligns with the intention, since there was no time left for
them to be implemented. The should-haves that were not fully implemented were
the "Movable objects" and "A way to save progress', but as stated below, these fea-
tures were in the works and very close to being in the final product.

The finalised game was uploaded on itch.io and is available to play at the following
link: https://lorantelo.itch.io/control-flow-bug

The finished game became similar to the version that was tested for the second
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test phase, with some finishing touches added. Certain features were in develop-
ment, but never completely implemented and therefore cut from the final version of
the game because of time constraints. The features that were worked on but never
fully implemented are the following.

Movable Pillars - Battery pillar that could be moved by the playable char-
acter, in turn able to more freely manipulate the swarm of bugs by changing
the location of the attraction/repelling force. The feature was functionally
fully implemented, but missing some auxiliary features, for example visual
representation of the tracks, as well as a dedicated level.

Box of Boids - A box where bugs are trapped inside that could be broken
by the playable character, releasing more bugs for the player to charge up the
chargepads with.

Progress System - Having a system which saves progress as the player goes
through the levels. When the player starts the game for the first time, only the
first level would be available, while the following levels would be locked and
only unlocked if the previous level is completed. The Ul exist for this system
with place holder code, but the actual functionality was never implemented.
Lighting - Utilising the built in lighting system in Unity [31] to create re-
gions of darkness and shadows was experimented with, but never used in a
level. This was because there was an unfinished idea to have some levels that
were dark, where the player would use the boids to light up the environment.
Since no such level was ever designed or implemented, however, this idea went
unused.

More Archetypes - Several variations of the bugs within the game were cre-
ated by adjusting the alignment, separation, and cohesion parameters of the
boids algorithm. The yellow and green variations are explored in the third
level, however, pink and blue variants, exploring other behaviours were also
created. Art sprites for the archetype selector, displaying graphical represen-
tations of the unimplemented behaviours were also created, yet unused.
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Finally, with the project in its final stages, the group was able to look back and
reflect on the finished game and the process of creating it. While the project went
smoothly, there were still challenges and time constraints, leading to some features
having to be cut.

5.1 Finished Product

The finished product has flocking behaviour implemented as a core game mechanic,
which was an important aspect of the project, as it determines a large part of the
quality, and thus the experience, of the game.

5.1.1 Challenges

Various challenges were encountered during the course of this project. Some are
related to design and others to technical abilities.

As most of the members in the group conducting this project had little to no experi-
ence with video game development prior, the design and development process took
longer than it otherwise would. Furthermore, this inexperience was compounded by
the added complexity and unpredictability of the flocking behaviour. As this project
was conducted over just under four months, there was also a limited amount of time
to learn how to handle these problems. During implementation, the game itself had
around three months of development.

The aforementioned unpredictability of the flocking behaviour made designing levels
around it rather challenging, especially as it came to the different archetypes. In
order to give players an actual reason to properly utilise the archetype selector, the
level must be designed in such a way that different obstacles only can be overcome
by certain archetypes. Making an obstacle that could be passed by one archetype
and not another proved difficult which was not helped by the short development
time left. This resulted in the third level having certain gameplay issues that were
not fixed during this project.

Another problem was performance. The boids algorithm is being run on a large

number of agents, requiring a large amount of calculations. These calculations
needed to be done fast enough to have the game run in real time, while also having
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headroom to allow for the added complexity of the surrounding mechanics. This
problem is especially true for web builds of the game. In the end, this did not
end up being a significant issue, due to the fact that that the number of boids
in the game was relatively small. However, in web builds of later versions of the
game, this performance ceiling was noticeably being reached, showing that it is not
insignificant.

5.1.2 Further Development

While the game developed in this project is considered a finished product, there
is still room for improvement. Various desirable features, such as a save and load
system and more different boid archetypes, were not implemented, primarily due
to time constraints. Additionally, some features were implemented but never used
in any of the levels, and thus do not appear in the final product when the game is
played, as listed under section 4.3. As such, further development includes refining
content, integrating functionality into the game, and developing new mechanics and
features.

Overall, implementing the remaining should-haves and the could-haves from the
MoSCoW, as previously defined in the scope section, should take the most priority
in further development. Moreover, the implementation of more story-telling ele-
ments, such as cinematic scenes at the start of the game or between levels, would
significantly add to the gameplay experience by helping convey the game’s story and
further immersing the player in the game’s setting. This would likely also mean the
player has an easier time understanding the concept of the game, since a cinematic
could help make it clearer what the player is supposed to do. During testing, it was
apparent that the game suffered from a lack of levels. Thus, creating more levels
would allow the player to further explore the existing mechanics of the game and
could introduce more complex ways in which flocking behaviour can be utilised in
game design.

Lastly, the game is lacking in accessibility features. These were considered through-
out the development process, but it was often considered too low of a priority to
warrant dedicated development time. Various desirable accessibility features include
settings for people with colour blindness, support for additional input devices, and
keybind remapping.

5.2 Testing

To answer the research question more accurately, it was decided to conduct testing
to see how players perceived the flocking behaviour and how engaging the game was.

Many players expressed curiosity about the game and its concept and wanted more

levels to play through. There were desires to be able to learn more about the game
world.
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Throughout testing, there was some confusion from the players in understanding
the fundamental aspects of the game and how everything worked together, which
was mostly present during the first testing phase. This confusion was likely con-
nected to lack of visual and auditory feedback, but also to how the flock moved and
acted in the game, which could be difficult to parse.

Occasionally, testers also failed to grasp the electric nature of the bugs. The ac-
tual boids consist of circular monocoloured sprites, which may not by themselves
convey an electric motif. This could be addressed by complementing them with
animations of sparks, reinforcing the electric theme of the boids.

As mentioned in the test result for the second test phase, the flock interacted with
the environment too slowly, making the players not always understand what it did
due to a delay in the reaction of the flock to the player’s actions, which was only
amplified by the seemingly random movements of the flock. By increasing how fast
the flock interacts and reacts with its environment could decrease this sense of con-
fusion, and in turn the frustration, while also potentially making the impact of the
flock clearer.

5.2.1 Quality of Test Results

During the first testing phase, some errors occurred regarding the post-playtesting
questionnaire that the testers were supposed to answer. The questionnaire was not
always answered immediately after each session, and some answers were collected
days after the session occurred. This means those answers were less reliable com-
pared to the answers that were collected immediately after a session, impacting
the accuracy of these results. The problem was largely caused by confusion about
whether the questionnaire was optional. In trying to address this problem, it was
unclear who had answered already and who had not, meaning some people may have
answered multiple times. It is impossible to tell if this is the case, as the question-
naire was designed to be anonymous. These errors were reviewed and discussed, and
it was concluded that during the second test phase, efforts would be made to prevent
their recurrence. This was done by changing the settings of the form used for the
questionnaire, enabling a setting that forces users to be logged in to an account in
order to allow each user to respond to the form only once.

Due to delays in producing the test versions for both phases of testing, the test
versions lacked basic refinements that could have improved the experiences of the
playtesters. This was most apparent during the second test phase where complica-
tions occurred during the actual playtesting sessions, which had to be handled in
real-time.

The questions about how familiar and how much experience the tester have was in-
cluded in the sign-up form for the playtesting, while the questions about enjoyment,
difficulty and frustrations were included in the post-playtesting questionnaire. As
these were two separate questionnaires, and the latter was completely anonymous,
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identifying relationships between the answers to questions in the sign-up form and
the post-playtesting questionnaire was impossible. For example, identifying whether
or not players with less prior puzzle-game experience had a more frustrating ex-
perience could not be done. By having these questions connected to a singular
questionnaire, more conclusions could have been drawn.

5.2.2 Potential Improvements

In future iterations of projects akin to this one, there are several possible improve-
ments that could be made to the testing process. For one, notes of the thoughts and
opinions of the playtesters were taken quite informally, resulting in loose collections
of bullet points rather than structured data. If a more clearly defined system had
been used, the objectivity of the testing results would have been increased. One such
improvement is to record the sessions and transcribe them afterwards, recording the
exact words of the testers.

Secondly, more phases of testing would have been beneficial. Although, for this
project, this would have been difficult to do given the short time frame. It is also
possible that there would have been diminishing returns on the feedback from addi-
tional sessions. However, it is still worth considering in future projects if possible.

Thirdly, a small pilot testing session before the first phase could have identified
glaring issues with the testing procedures and the game before the real testing be-
gins. This would allow testers to provide higher quality feedback, especially for the
first phase, due to better testing procedures and less distraction from simple and
easily fixable issues with the game. The pilot testing session would interview only a
few people and the data would not be included in the actual results, as the goal is
to find obvious and common problems rather than more subtle ones. Alternatively,
the session could be conducted with the group members of the project. This reduces
the complexity of conducting the tests, but also reduces the quality of the results, as
the group members developing the game may be biased by the fact that they know
how the game works or is supposed to work in a lot of detail.

Fourthly, it could potentially have been advantageous to have two group members
who conducted all the testing sessions. The advantage of this is that it makes the
testing sessions more consistent, as it avoids different people handling the sessions
slightly differently, for example by giving different amounts of help to the testers.
However, an argument against this change is that it increases the risk of bias from
the conductors being introduced, which is otherwise "averaged out" when multiple
people conduct the tests.

Fifthly, a larger sample size, meaning a larger number of playtesters within each
testing phase, would have been beneficial. The primary benefit of such a change
would be that a larger sample size would provide more statistically significant re-
sults. Additionally, a larger group of playtesters would naturally include more vari-
ation in play styles, skill levels, and preferences, which would provide a more diverse
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set of perspectives on the game.

Finally, to avoid problems with scheduling, such as the ones experienced during
this project, a booking system for testers could have been beneficial.

5.3 Research Question

This project has aimed to answer the following research question: What engagement
implications can be derived when including flocking behaviour as a core mechanic to
a video game.

As previously mentioned, the testers experienced overall satisfaction with the game.
However, there were also several instances of confusion regarding the puzzles that
made use of flocking behaviour in more complex ways. This likely stemmed from
a lack of familiarity with flocking behaviour. This could be alleviated by creating
intermediate levels between new mechanics to help introduce and ease players into
each concept, rather than rapidly introducing several new mechanics in a few levels,
as currently is the case.

Flocking behaviour as a core game mechanic was found capable of providing both
positive and negative engagement implications for gameplay. The experience of
flocking behaviour was for many players a new concept, which in turn evoked feel-
ings of curiosity and a desire to explore the game further. Some also found the act
of interacting with the flock enjoyable in and of itself. However, there were also
some negative experiences with confusion, though it is uncertain to what extent
this confusion occurred due to the game’s design rather than the flocking behaviour
itself. Notably, some players viewed the inherent randomness of flocking behaviour
as an obstacle to the underlying puzzle gameplay. This confusion and frustration
could potentially stem from a lack of understanding of the actual gameplay, and not
necessarily the flocking behaviour in itself.

5.4 Social & Ethical Aspects

The game developed in this project was intended to include settings for accessibility,
as people with disabilities are often overlooked by game developers. Examples of
accessibility in game design include filters for colour blindness, text descriptions of
sounds, and screen reader support [27]. In the end, dedicated accessibility features
were not possible to prioritise highly enough to include in the final version of the
game.

As brought up in subsection 3.4.5, the design decisions made to account for colour
blindness were far from all-encompassing. To improve the existing designs, values
could be used to differentiate the similar objects, instead of using just shapes and
colours. For example, both the active battery pillars in Figure 3.9 can be considered
too similar in appearance, even with colours. Additionally, the colours could have
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been better planned from the start to, for example, avoid using red and green, the
most common colours that colour blindness affects.

Video games are often developed for people who are already familiar with how
video games work. This lack of onboarding is a known problem [62], and can, albeit
unintentionally, make access to video games feel restricted from people who are new
to them. Due to this, an attempt was made in this project not to assume prior
knowledge from the player. An example of a common assumption is to assume the
player understands the objective of a level, e.g. not explaining that the player is
supposed to reach a door to progress in the game. This was especially important
for this project, as the goal of the project encompasses investigating how flocking
behaviour can be included in video games in a way that is not confusing to the
player. In order to make sure the game was developed to accomplish this goal, an
attempt was made to invite people with varied experiences in playing video games to
the testing sessions. Using their feedback, biases and assumptions about the player
could be addressed.

During playtesting, it is important to get a varied perspective. This project was
conducted at a school attended by primarily white men, which could have poten-
tially biased the results of the playtesting in some way. The simple solution to this
problem was to attempt to invite a diverse set of people (including people of dif-
ferent gender, ethnicities, and with different experiences and levels of comfort with
video games) for the playtesting. In the end, it was decided that it was inappropri-
ate to collect data about the playtesters ethnicities, gender identities, etc. as these
are sensitive issues, which could cause discomfort to ask about. Instead, a more
informal approach was used, where the group members made an attempt to invite
a varied set of playtesters. In the end, this was only partially successful, as most
testers were young, white, and male students at the same university as the group
members. In future work on a project similar to this, it would be desirable to make
a greater effort in dealing with this issue.

5.4.1 Use of Generative Al

Usage of generative Al during development was limited to assisting in writing
code and minor suggestions for improvements on phrasing in this report. Any
Al-generated code being used in the game was checked by the programmers and
thoroughly tested to ensure that it fulfilled its intended function. Whenever Al
was used, it was mainly for the purpose of supporting the group’s programmers less
experienced in Unity [31]. No art assets or parts of the music were created using
any generative Al at any point, and all of the content of this report (aside from the
aforementioned minor suggestions on phrasing) was written by the authors them-
selves. The generative Al models used for these purposes are GPT-5.3 Instant [63],
GPT-5.83 Mini [64], GPT-5.5 Instant [65], GPT-5.5 Mini [66], and Gemini 3.1 Pro
[67].
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5.5 Conclusion

After the end of the project, it can be concluded that a game developed with flock-
ing behaviour as a core mechanic has the possibility of providing engaging gameplay
to players. Throughout this project, this group has learned much about the diffi-
culties of exploring this idea, as it is often hard to differentiate between problems
stemming from game design and problems stemming from the flocking behaviour.
In all, improvements can be made to the methods presented in this report in order
to gain deeper insights in future iterations of this kind of project. From the re-
sults presented previously, the use of flocking behaviour typically evokes contrasting
opinions, showing that such a game can provide both positive and negative engage-
ment implications. When implemented well, flocking behaviour seems worthwhile
for game developers to explore.
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Appendix A

The following appendix includes the templates for the two test phases. It should be
noted that the templates original language is Swedish, but have been translated to
English for the purpose of this report.

A.1 First Testing Phase Template

A.1.1 Introduction

At the start of the interview, the test moderators introduced the game and the
play-testing session process according to the following instructions:

Introduce your names and who is the interviewer and secretary and what each
of you will do during the session.

Introduce what you do: “A game based on real-time flocking behaviour.”
Present the game

Walk-through the interview process

Ask if the person has understood the information and if they have any ques-
tions about the process.

A.1.2 Tasks

The below tasks were given to each tester:

1.

Go to the How To Play menu

2. Start level 1, pause the game, and return to the main menu

o Tt W

Start level 1 again and play through it

Start the next level, pause the game, and change any sound setting
Unpause the game and play through the level

Go back to the main menu and go to the credits page

A.1.3 Interview Questions

After completing the aforementioned tasks, the tester was asked the following ques-

tions:
1.
2.

Did any task feel harder to complete, or felt unintuitive?
Did the puzzle feel too difficult or too easy? Did you understand what needed
to be done to complete the level? If not, what could have made it easier?
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. How did it feel to navigate the different menus? Were the purposes of the

different buttons intuitive?

. Was it easy to see which objects were interactable and which were not?
. Did you feel immersed while playing the game? That is, did you feel absorbed

by the game world and were curious to explore it more?

. What did you think of the sound effects? Did they fit? Did it feel like any

sound effects were missing?

. What did you think of the aesthetics of the game? Did the style feel unified?

Was it easy to differentiate between different visual elements?

. Did you feel some kind of feeling from the game and its environment? e.g.

anger, sadness, happiness.

. Do you have any other thoughts about the game you want to share?

A.2 Second Test Phase Template

A.2.1 Introduction

At the start of the interview, the test moderators introduced the game and the
play-testing session process according to the following instructions:

o Introduce your names and who is the interviewer and secretary and what each

of you will do during the session.

Introduce what you do: “A game based on real-time flocking behaviour.”
Present the game

Walk-through the interview process

Ask if the person has understood the information and if they have any ques-
tions about the process.

A.2.2 Tasks

The below tasks were given to each tester:

1. Browse through the menus
2. Play through the levels

A.2.3 Interview Questions

After completing the aforementioned tasks, the tester was asked the following ques-

tions:
1. Were the puzzles easy or difficult? Did you understand what you had to do

IT

to complete the levels? If not, what do you think would have helped you
understand better?

. Was it easy to see which objects were interactive and which weren’t? For

example, that you could shoot the battery pillars.

. Did you feel immersed while playing the game? That is, did you feel absorbed

by the game world and were curious to explore it more?

. Did you feel that flocking behaviour was central to the game? If not, what

would have made it feel more central?
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. Did you find the game easy to understand? Were the tutorial and How-To-Play
menu useful? Could anything have been better?

. What did you think of the aesthetics of the game? Did the style feel unified?
Was it easy to differentiate between different visual elements?

. Did you feel some kind of feeling from the game and its environment? e.g.
anger, sadness, happiness.

. Do you have any other thoughts about the game you want to share?

ITT
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