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Minesweeper With Friends — An Immersive Multiplayer Puzzle Game
Abstract:

This thesis describes the development and design of an immersive puzzle game that can be
played either cooperatively or competitively. As there are few high-quality versions of
Minesweeper that feature cooperative or competitive gameplay in an immersive 3D envi-
ronment, the game created throughout this thesis will help to fill that void and provide
players with a new immersive and intuitive gameplay experience. The game was made by a
single developer within two development iterations, each involving a design, implementa-
tion, and testing phase. In the final testing phase, it is discovered that the game achieves a
significant degree of immersion, but there are many dimensions of immersion for which the
game falls short. This data is then used to propose future improvements for the game’s de-

velopment.
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Minesweeper With Friends — kaasahaarav mdistatusmang mitme
mangijaga

Luhikokkuvdte:

See 10putdo kirjeldab kaasahaarava mdistatusmangu loomist, mida saavad méngida mitu
inimest kas Uksteise vastu vOi thise eesmargiga. Arvutimangude turul on véhe koérge kvali-
teediga versioone mangust Minesweeper, mis sisaldavad kaasahaaravat 3D keskkonda. See
I6putdo aitab taita seda auku turul, luues mangu mis pakub mangijatele kaasahaarava ning
intuitiivse kogemuse. Mang on loodud Uihe arendaja poolt kahe iteratsiooni kéigus. Igas it-
eratsioonis disainiti uued méngu omadused, mille pdhjal mang loodi ning seda uuendati.
Maolema iteratsiooni 16pus mangu testiti, et parandada voimalikke probleeme ning leida viise
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Introduction

Video game development is a growing industry, estimated to increase from 155.89 million
dollars in 2020 to 268.11 million by 2025 [1]. Entering such a growing industry is incredibly
valuable, but there are over 10,000 games released on Steam every day [2], which makes it
difficult for new products to stand out. In order to create a successful video game, independ-
ent game developers usually need to innovate and create new products that fill a distinct

niche separate from not only mainstream games but also their competitors [3].

Such a gap in the industry has been identified: few developers are making multiplayer puzzle
games inspired by Minesweeper and fewer still are making immersive 3D implementations
intended to be proper experiences instead of simple experiments. The developers who focus
on this field rarely seem to innovate with the formula and their projects tend to have critical
flaws. Some of these kinds of projects are further analysed in detail in the next chapter,

Competitor Analysis.

The goal of this thesis is to fill this gap in the industry by creating a uniquely immersive and
intuitive multiplayer game inspired by Minesweeper called Minesweeper With Friends
(MWF). The purpose of this game is to garner interest from the general public and build a
recognizable brand for the developer. To achieve these goals and ensure that the game is a
suitable product for the market, similar competing products are analysed in Chapter 1,
Competitor Analysis.

The main competitive advantage of Minesweeper With Friends is providing the players with
an immersive experience while maintaining the intuitive gameplay elements of the original
Minesweeper. For the purposes of developing video games, immersion is generally defined
as the degree to which players are involved with the game [4]. The effectiveness and appeal
of these features are tested several times at different events, altering the game with each
development iteration. The first and second iterations of designing, developing, and testing
the game are covered thoroughly in Chapter 2 and Chapter 3, respectively. Based on the
results of the final testing, many future improvements to the game have also been designed,

which are further explained in Chapter 4.



1 Competitor Analysis

It is useful for game developers to analyse competitors, as it helps learn important lessons
from the efforts of other developers and create a new strategy [5]. In this chapter, several
other implementations of Minesweeper are analysed and compared to Minesweeper With
Friends (MWF) in order to find inspiration and to determine whether MWF is providing
unique value to the players. One game (titled Mine Sweep Battlet) was excluded from this

section, as it was released after the first development iteration of MWF.

As this thesis is intended to maximise the number of players, an estimated number of owners
will be calculated using the “Boxleiter” method for competitors whenever it is applicable.
This method consists of multiplying the publicly available number of reviews on the digital
game distribution platform Steam? with an estimate called a “Boxleiter number” [6]. This
number was calculated as the mean of the average (63) and median (58) reviews per sale for
premium games, compiled by Simon Carless [7]. The resulting ratio is an estimated 60.5
owners of any Steam game for each review. By multiplying the Boxleiter number by the
number of reviews for each game, it is possible to estimate the average number of sales even

for games that are too obscure to track with other tools such as SteamSpy?.

However, for this Boxleiter number, it is important to note that the middle 80% of the sam-
ples fluctuate between 25 and 100 sales per review [7]. This is a margin of error of about
+37.5 sales/review, which is more than half the size of the proposed Boxleiter number. This
implies that the results are still likely to be inaccurate, which is why they will not be entirely
relied upon. Instead, the resulting estimated sales numbers will only be used to support the-
ories and lend them some extra credibility. Now that suitable metrics have been established,
it is possible to analyse games similar to Minesweeper With Friends.

1 https://thegdwc.com/games/630554d5-715f-4d3e-a601-e7e318e434fc

2 https://store.steampowered.com/

8 https://steamspy.com/



https://thegdwc.com/games/630554d5-715f-4d3e-a601-e7e318e434fc
https://store.steampowered.com/
https://steamspy.com/

1.1 Microsoft Minesweeper

Microsoft Minesweeper is a game that was originally released in 1990 in a collection called
the “Windows Entertainment Pack”™, after which it was a standard feature in the “Windows”
operating system [8]. In Windows 8 and later, the game has no longer been included with
the Windows operating system, but the modern version* is still being updated with extra

game modes, features, and more.

This section analyses the version of Microsoft Minesweeper that was included with the
“Windows XP” operating system, as it was a direct inspiration for Minesweeper With
Friends. Additionally, this version of Minesweeper is very similar to several free adapta-

tions of the game such as Minesweeper X° and Minesweeper Online®.

Fundamentally, Microsoft Minesweeper is a logic-based puzzle game about revealing
squares in the grid called the “minefield”. At the beginning of the game, a random pattern
of mines is hidden in the minefield. Every square in the grid is displayed as a blank, unre-
vealed space to the player. If the player clicks on an unrevealed square, the number of bombs
adjacent to that square is displayed instead (see Figure 1). If they click on a bomb, they
immediately lose the game. The player can win the game by revealing every square of the

minefield that does not contain a mine.

Additionally, the game has several features that assist in solv- P D|'E|§ '|

ing the puzzle or enhance the experience. The player can Eeme el

right-click any empty tile to “flag” it, adding a visual flag

symbol on the tile and preventing the player from acci- - -
dentally clicking on the tile. This feature empowers players 1] (44| | |

1 1111 |

to mark known mine locations to prevent accidents and rec- 1 i |

. . 1 [1/1/11 |

ord their progress toward solving the puzzle. Furthermore, 213121 |

the number of remaining unmarked mines is displayed in the

top-left corner of the application, calculated by subtracting

the total number of placed flags from the total number of

mines in the game. Figure 1. Screenshot of

Microsoft Minesweeper

4 https://www.microsoft.com/en-us/p/microsoft-minesweeper/9wzdncrfhwen

5 http://www.curtisbright.com/msx/

6 https://minesweeper.online/
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The game features a timer in the top-right corner, counting upwards from zero seconds start-
ing at the moment the first tile was revealed by the player. When the player has revealed all
tiles that do not contain mines, if their score was the fastest time for that difficulty recorded
on the computer, they were given the opportunity to save their name into a scoreboard. This

scoreboard only displays the fastest scores for each difficulty.

1.2 Bunny Minesweeper

Bunny Minesweeper is a fully 3D implementation of Minesweeper (see Figure 2) that in-
cludes cooperative gameplay. The controls are similar to Microsoft Minesweeper, where
left- or right-clicking while standing on a tile will either reveal it or flag it as a bomb. The
objective for all players is to reveal the entire minefield, after which the players will auto-
matically get cosmetic rewards based on how complex the minefield was, and the final score

(based on the time taken to solve the minefield) is saved to a scoreboard.

The game concept is very similar to the classic
game mode in Minesweeper With Friends and
90% of the reviews for the game are positive’.
However, the game seems to have fallen short in
terms of marketing, as there are only a total of an
estimated 3085.5 sales for the game, despite its
positive reception. Another sign of its unpopular-

ity is the price, which is just 2.39 € by default,

and it has been further discounted to merely 0,47

Figure 2. Screenshot of

- - 8 - - -
€. Based on Video Game Insights®, this price is Bunny Minesweeper
only about 6% of the current average price for a
paid indie game, which is 8.37 €. Such a low price could be an indication that the developer

is not confident in their product or its current sales numbers.

Although most of the reviews for the game are positive, several of the negative reviews for
Bunny Minesweeper lament its graphics and controls. Namely, to reveal tiles, the player
character needs to touch them. As these characters move slowly compared to the mouse-

controlled system in Microsoft Minesweeper, experienced players may be unaccustomed to

7 https://store.steampowered.com/app/900790/Bunny Minesweeper/

8 https://vginsights.com/steam-analytics
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the pace of the gameplay. Additionally, this change adds an element of unpredictability to
each player’s score, as the players may be forced to move long distances repeatedly due to

the layout of a minefield.

Bunny Minesweeper features an alternative game mode called “survival”. In this game
mode, when the players finish solving a minefield, the floor is destroyed, and a new mine-
field is generated below them to be solved. The game also features a third game mode, titled
“crazy”, but this is just a more difficult version of the normal game, with huge versions of
the minefield (i.e. 50 by 50). In other respects, the extra game modes are identical to the

original game, although their scores are tracked on separate scoreboards.

1.3 Minesweeper Multiplayer

Minesweeper Multiplayer® is a free game developed by Thomas Heine Rasmussen that can
be played in a web browser. It is an interesting take on the Minesweeper formula because it
not only features competitive multiplayer gameplay, but in this case, players are rewarded

for revealing the bombs (displayed as flags) instead of being punished.

The objective of the game is to get more points than the opponent, and the gameplay is
completely turn-based. This means that while one player is choosing which tile to reveal,
other players cannot do anything. If a player reveals a flag, they receive one point and their
turn continues. However, if an empty tile is revealed, that player’s turn ends and play con-

tinues to the next player.

Additionally, each player starts the game with a single bomb, which they can use whenever
it is their turn, and they have fewer points than their opponents. This bomb will instantly
reveal a five-by-five area of'tiles and end that player’s turn. Any score for revealing the flags

is awarded to the player who used the bomb.

Despite being innovative and easy to learn, there are quite a few problems with the design
and implementation of this game. The most noticeable problem is the lack of momentum in
the game itself. Most other Minesweeper implementations'® make the first click on any
minefield safe. This has the added benefit of speeding up the early game, quickly reaching

an interesting point where players are forced to use their deductive skills to figure out the

9 https://minesweeper-multiplayer.dk/about

10 https://minesweepergame.com/strateqy/first-click.php
9
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best tiles to reveal. Because Minesweeper Multiplayer does not use this approach, the first
few clicks can simply reveal a single number and no surrounding squares. In that case, it
may take a long time for players to reach a point where interesting gameplay emerges (see
Figure 3 below).

Minesweeper Multiplayer

12} ....

Player Red 1 i

> Player € ........-
o HEN~ RN
- d K |

Score 1

2 of 51 flags found

Player Blue
Player

eore HEEEEEEEEEEEEE e

Figure 3. Screenshot of Minesweeper Multiplayer
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Based on the insights gained from reviewing the competitors and their performance, a new
version of Minesweeper was created, which offers unique value to players and avoids the
pitfalls of the other games. The development of this game is discussed further in the follow-

ing chapter.

10



2 First Iteration

In order to ensure the game is suitable for the market, the development of Minesweeper With
Friends follows an iterative strategy. This means that the development process goes through
several cycles of design, implementation, and testing, with the goal of improving the game
with each cycle (called iteration). This chapter covers the first development iteration for the
game Minesweeper With Friends, whereas the second iteration is discussed in Chapter 3.
The game’s initial mechanics and various design elements are described in Subchapter 2.1.
Its technical implementation and the various technologies used for development are ex-
plained in Subchapter 2.2. At the end of this development iteration, the game was also
extensively tested at several different events, which is covered in Subchapter 2.3.

2.1 Game Design

MWEF is a puzzle game designed for two to four players, which is intended to stand out from
its competitors by providing the players with a heightened sense of immersion while main-
taining the intuitive gameplay of classic Minesweeper. Although the game’s design was
planned out and documented before development, it was rapidly altered as the game was
developed and ideas were either discarded or expanded upon. This chapter explains the de-

sign of MWF from its inception until the end of the first iteration.

The experience of immersion has been positively linked with game appeal [9] and it is an
important factor in game enjoyment [4], which implies that an increased degree of immer-
sion provides significant value for players. Therefore, this thesis aims to maximise the
degree of immersion whenever it is applicable. One way in which greater immersion can be

achieved is by using a three-dimensional environment.

2.1.1 Dimensionality

Three-dimensional games offer a much greater sense of being inside a place than two-
dimensional spaces [10]. Additionally, many of the competing multiplayer Minesweeper
games analysed in the previous chapter are two-dimensional, so adding a third dimension
would help visually differentiate MWF from its competitors. For these reasons, MWF was

developed as a 3D shooter, instead of a typical 2D puzzle game.

11



Furthermore, introducing a third dimension to the game
provides more space for implementing visual effects and
other gameplay elements. One such example is the usage
of large particle effects whenever a player makes

progress by revealing tiles, which would usually obstruct
the vision of the puzzle in a two-dimensional space. Figure 4. Particle effects in
However, in MWF, this problem is lessened by scattering MWF

the particles in a sparse pattern above the puzzle. Due to their low density and long distance
from the puzzle elements, player vision is rarely blocked by the particles (see Figure 4).
Furthermore, on the rare occasion that a player’s view of the puzzle is directly obstructed
by the particles, the player would only need to adjust their camera angle in order to see
behind the effects.

2.1.2 The Minefield

In a classic game of Microsoft Minesweeper, the minefield is a central design element that
players spend most of their time interacting with. Whenever players reveal a tile on the
minefield, they are directly rewarded with more information about nearby mines, allowing
players to continue solving the puzzle. This creates a gameplay loop (see Figure 5), which

directs the entire flow of gameplay.

In Minesweeper With Friends, the minefield serves ,

Reveal first tile % :{S:;Lm
the same purpose and therefore shares many & I 5
characteristics with the minefield in Microsoft (e e
. . . additional information

Minesweeper, such as the grid-based design and the s .
aforementioned gameplay loop. Furthermore, both Reveal another tile

based on minefield
games present a large amount of numerical Information

User loses. User wins.

information to the players, which is much easier for : —
[ Mine revealed. ] [ Minefield cleared. ]

players to visually parse when the information is

colour-coded. For this reason, each revealed Figure 5. Gameplay loop of
number on the minefield has been assigned a colour Minesweeper games

depending on its value.

Another feature that is common to both Microsoft Minesweeper and MWF is the way the
mines are distributed within the minefield. If every mine was placed in a random location,

it would be possible for a player to lose when revealing the first tile in the game. For this

12



reason, Microsoft Minesweeper ensures that the first revealed tile is guaranteed to be empty.
MWEF takes this a step further by ensuring that the first tile and all the tiles connected to it
are empty. This means that the uninteresting beginning of most Minesweeper
implementations is skipped, which would normally involve players clicking on random

squares and restarting the game until they find a “lucky” pattern of mines.

2.1.3 The Tiles

According to the American video game designer Jesse Schell [11], the skills a player
exercises are very important for determining the nature of a player’s experience. In MWF,
the most interesting core skill required from the players is the mental challenge of solving
the minefield by quickly calculating the risk and reward for clicking on unrevealed tiles. In
order to allow players to focus more on this mental challenge, the physical challenge of

aiming and clicking on each tile was simplified as much as possible.

For this reason, each tile on the minefield is as large as reasonably possible in all three
dimensions, leading to a box-shaped design. These boxes are still small enough to leave
noticeable gaps between each tile, which is helpful for counting the number of potential
bombs when players are trying to solve the puzzle. Additionally, these boxes are just low
enough to the ground that from most camera angles, they aren’t obstructing the visibility of

the numbers, which are crucial for solving the puzzle.

Highlighting the unsolved part of the puzzle has other benefits as well. As Scott Rogers [12]
has mentioned in his book, “Level Up! The Guide to Great Video Game Design”, it is a
good practice to direct players toward their path of progression using geometry and lighting.
For this reason, the unsolved tiles on the minefield have been tinted bright red. This naturally
directs players toward the part of the puzzle they can solve, making the gameplay loop more

intuitive to follow.

Furthermore, using bright red tiles means the players will gradually remove the most glaring
colours from the scene throughout the course of gameplay. As they are doing so, the colour
scheme of the game will gradually shift from one that highlights the unsolved tiles into one
that is darker and more soothing. As Rogers [12] has mentioned, using different colour
schemes is an effective way to make players feel the changes in the world. Therefore, the
usage of bright red colours in the design of unsolved tiles is likely to have the added benefit

of enhancing the player’s sense of progression.

13



This same principle is also followed in the visualization of
flagged tiles. Players in most implementations of Minesweeper
are able to highlight unrevealed tiles which they believe to 73
contain mines by right-clicking them, which is known as

flagging mines. In order to allow players to focus on logical

7
7’

feature. Furthermore, in order to make the colour palette of a  Figure 6. Flagged tile

thinking instead of memorization, MWF also implements this

solved minefield appear more soothing, flagged mines in MWF are tinted in a deeper, darker

shade of red (see Figure 6).

3.1.4 The Money

An important aspect of game design is figuring out how to balance the game so that unskilled
players don’t become frustrated when learning how to play [11]. This is especially difficult
in a puzzle game such as Microsoft Minesweeper, where even a single mistake could mean
instant failure. For this reason, instead of instantly killing any player who has made a
mistake, MWF uses a different system.

Whenever players in MWF make a mistake by clicking on a mine, they are deducted one
bundle of money, which is an in-game currency. Players start with three bundles and when
they have no money left, they enter debt, which means they are no longer able to reveal tiles.
Once a player has reached this point, their only means of progression are to restart the game

or convince other players to give them money.

Players can earn more money by solving the puzzle. Whenever a tile is revealed, the
revealing player earns a number of money bills depending on the number that was revealed.
Therefore, sections of the puzzle with a higher density of mines will grant more money,

creating a situation of increased risk and reward.

Once any player has gathered a sufficient number of money bills, they are automatically
converted into a money bundle, which can be used to survive mistakes or given to other
players. This system ensures that new players have several opportunities to experiment and
make mistakes without being forced to restart the game. However, in order to further ensure
that playing the game and earning money remains an enjoyable experience, it is necessary

to use a suitable camera perspective for the game.

14



2.1.5 The Camera

During the course of the game, a camera is the
lens through which the player perceives the
world. As discussed by Rogers [12] in his book,
nothing will stop players from playing faster than
a poor camera. This is why it is crucial to use a

camera that is convenient to control and

complements the gameplay, instead of hindering Figure 7. Approximation of

the player. a first-person view

Initially, the implementation of a first-person

camera was considered, which would place the camera in the same position as the player’s
eyes. Naturally, as this view is akin to what people experience in real life, it can provide
some players with an enhanced sense of immersion [13]. However, after some
consideration, it was discovered that a first-person view would restrict players from seeing
any part of the minefield distant from the player (see Figure 7). This made it more difficult
to focus on solving the puzzles and reduced the speed of gameplay, which is why a different

type of camera was used.

In order to show more of the world while still using characters to represent the players, a
third-person camera was used in MWF. However, most third-person camera
implementations still don’t show much of the environment, as they keep the camera close
to the player and prevent players from looking directly downwards. This practice enhances
immersion and is usually effective in third-person shooters and action games because in

such games players are typically moving and shooting horizontally.

However, players in MWF need to spend a lot of time looking down and making logical
deductions based on the information on the ground. For this reason, the camera’s pivot point
was moved high above the player. Additionally, the camera was moved far away from its
pivot point, further increasing the maximum distance between the minefield and the player’s
view. In practice, this means that players are always looking at the world from an angle far
above their character (see Figure 8), which provides players with a better view of the puzzle
throughout the game. Furthermore, the camera’s pivot point was moved slightly in front of
the character instead of directly above them. This allows players to look directly downward

without being obstructed by their character.

15



Figure 8. Camera in Minesweeper With Friends

2.1.6 The Player Characters

A player character, also known as an avatar is a representation of the player within the game
world. In games that feature a third-person camera, designing an entertaining character is
crucial, as players will spend a lot of time inspecting their character [10]. For this reason,
the character in MWF was designed to be non—-humanoid and weird. Therefore, the base of
the player was created, which consists of two muscular arms, ending at three fingers. This

unusual design also helps the game aesthetically stand out from its competitors.

This character was also improved to make it more
attractive to human sensibilities. It has been proven that
certain features such as large eyes and a small mouth or
nose increase the appeal of a character’s face [14]. For
this reason, player characters in MWF have large,

spherical eyes and a small mouth. The resulting

character has distinctly humanoid features in a strange,

Figure 9. Player character

but personable combination (see Figure 9). The general
style of this character is cartoonish and abstract, which allows players to better project
themselves into the character [13]. Once a player character was created, it was necessary to

build an environment that matches the character’s visual style.

16



2.1.7 The Game World

In order to better immerse players in the game while matching the visual style of the
characters, a simple and abstract scene was created for the events of MWF to take place. The
visual style of this scene was inspired by games like Human: Fall Flat!! and Gang Beasts'?.
This means that the game’s world features simple, abstract textures and models, reducing
the memory requirements for running the game. Additionally, the game does not require the
usage of post-processing effects such as depth of field or motion blur, further improving the

performance of the game on low-end machines.

In order to keep players focused on the minefield and avoid any obstructions to the camera,
MWEF is set in a large, open area. However, because the game was intended to be as
immersive as possible, a plausible location with some ambient motion was used, which
makes the world appear to be more alive. For these reasons, MWF is set on a large empty
island in the middle of a moving ocean (see Figure 10 below). The movement of the ocean
is slow enough that it doesn’t needlessly distract from the puzzle-solving gameplay, but it

is still fast enough to be noticeable.

Figure 10. The world of MWF

11 https://store.steampowered.com/app/477160/Human_Fall Flat/

12 https://store.steampowered.com/app/285900/Gang_Beasts/
17
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2.2 Implementation

The first playable version of Minesweeper With Friends (MWF) was designed and devel-
oped within a span of a few months as a proof of concept. At this stage of development, the
goal of this project was simply to verify whether the game concept has significant appeal
and potential. Despite starting on a small scale, the project gradually grew into a fully-
fledged game because more time and effort was devoted to developing the idea. To support
both fast prototyping and further development without wasting development time, it was
important to use tools that were suitable for efficiently developing the game.

2.2.1 Used Tools

Several game engines, such as Unreal Engine, Godot, and Unity were considered for the
development of the game. Unity'® was picked as the game engine for developing MWF
because it has a wide range of community-made assets and extensions, which are excellent
for complementing the needs of a developer who is working alone. Additionally, this deci-
sion was supported by the developer’s previous experience with this game engine from
courses at the University of Tartu courses and personal projects. The scripts for the game

were written in C# using the Visual Studio Code* editor.

There are many packages for quickly implementing multiplayer in Unity. At the start of
MWF’s development cycle, there were two options built into the game engine for doing so.
One of these solutions was UNet, which had already been deprecated for several years [15].
The newer alternative, Unity Multiplayer Networking, was still in development and unsta-
ble. Because of this, an open-source third-party extension called Mirror Networking®® was

used instead.

The 3D graphics and modelling software called Blender'® was used for creating the various
3D models necessary for development. Additionally, Gimp!’ was used to create rasterized

graphics or textures for the game. In situations where vector graphics were more appropriate,

13 https://unity.com/
14 https://code.visualstudio.com/

15 https://mirror-networking.com/

16 https://www.blender.org/

17 https://www.gimp.org/
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Inkscape!® was used. Blender, Gimp, and Inkscape are all open-source software. This means
that they are open for modification and developed by the community, often without being
paid for their work. As such, the author of this thesis extends their gratitude to the many
open-source developers who helped improve these projects and make them what they are
today. Using this software, many different 3D and 2D assets were created, one of which was

the user interface.

2.2.2 User Interface

To provide an interface for the game, Unity’s default interface system was used. This choice
was made in the initial prototyping stages, as the system was readily available, free, and
provided the necessary functionality for creating a minimum viable product (MVP). The
implementation of this interface relied heavily on built-in Unity interface elements. When-
ever possible, interface elements were set up to interact directly with each other, without
reliance on any custom scripts. However, as development progressed, it was apparent that
these tools were insufficient for creating all the animations necessary for creating an appeal-

ing game.

In his book “Game Feel”, indie game developer Steve Swink [16] general principles for
creating games that feel good to play, some of which are instantaneous response, predicta-
bility and novelty. According to these principles, in order to create a game that exhibits good
game feel, it is important to create an instantaneous, noticeable response to the input. This

response should be predictable to the player but have enough variety to remain novel.

To put these principles into practice, all the buttons in MWF are rotated temporarily when-
ever the player’s mouse cursor starts hovering over them. This effect is pretty simple and
predictable to the player, but the angle of rotation is random in order to create some novelty
in the animation. Additionally, whenever a new menu is opened, the new buttons are scaled
upwards from zero and rotated in an analogous way. With these additions, the interface is
more dynamic and provides the players with a greater sense of game feel, enhancing the

experience of using it.

In order to implement these features, Unity’s interface had to be extended with custom

scripts. A script called UTAnimations was created for this purpose, which is designed to

18 https://inkscape.org/
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be general enough to work in any Unity project. The script contains a set of animations, and

it can be attached to interface buttons in the game.

With this script, it is possible to use the Unity editor to define a series of custom animation
curves. These curves are used in the script’s various animation functions, which rotate or
scale the object attached to the script. These functions can optionally be triggered whenever
the object is enabled. Alternatively, they can be called directly through Unity’s event trig-
gers or other scripts. This functionality and most other animations featured in MWF were

created using a free open-source animation engine called DOTween?®,

2.2.3 Minefield

As the central design element, the minefield is one of the most complex parts of the game.
The script responsible for initially generating the minefield is called GridSystem, as it
generates a grid of empty tiles at the start of the game. The size of this minefield is deter-
mined by the parameters assigned to the script in the Unity editor. Initially, this script does

not contain any information about mine positions.

Whenever the first tile is revealed, the layout of the mines is calculated for the entire mine-
field based on the position of the revealed square. These mines are randomly distributed
among every tile not adjacent to the initially revealed square. In order to prevent clients
from using external tools to cheat, the mine layout is only stored on the server and any

operation that requires access to it is likewise performed on the server.

Whenever a new tile is revealed, a series of operations are performed on the server to check
whether the game is over. Because many independent systems such as the scoreboard and
user interface need to be informed of the game ending, the observer pattern was used for its
implementation. The programming language C# features “events,” a ready-made solution
for using this programming pattern, which was used to implement the observer pattern in
MWEF.

2.2.4 Character Animations

Usually, video game characters are animated as a ready-made sequence of motions that are
replicated by the character models. However, this method has significant drawbacks, as it is

difficult to smoothly combine the animations in a way that appears natural in every

19 http://dotween.demigiant.com/

20


http://dotween.demigiant.com/

circumstance. Because of this, the arm motions for characters in MWF are instead moved
exclusively using scripts. This practice is inspired by the independently developed game
Rain World?®, which uses a similar method to achieve dynamic animations for dozens of

non-humanoid characters.

To avoid creating scripts for dozens of character bones,
Unity’s default implementation of inverse kinematics (1K)
was used. IK is a method of animation where the desired
position of the end effector (in this case the hand) is given
to the animation and the rest of the motion is automatically
calculated [17]. In practice, this means the positions of
character hands and faces were determined by custom
scripts and the rest was automatically done by Unity.

However, Unity only supports IK for humanoid characters,

Figure 11. Player character

which was a problem. The characters in MWF have no
head or legs, therefore they are not humanoid. This issue model rig
was overcome by building a humanoid bone structure around the existing character (see
Figure 11). The bones for “missing” limbs were not assigned to the model and therefore
didn’t affect the character at all, but Unity still recognized the resulting model as humanoid.

This enabled the usage of Inverse Kinematics to automatically animate character elbows.

2.3 Testing

At the end of the first iteration, it was necessary to test the game and gather feedback to
validate the idea and further improve the game. For this reason, the game was shown off at
several events and each event helped uncover many small problems, which were fixed after
the event. Therefore, the game presented at each event was in a slightly different state, but

the game’s general design principles and the testing process remained the same.

The game was also altered slightly to be suitable for testing at such events. Every version of
the game used during these tests has a hotkey that restarts the game without disconnecting
any of the players. This allows anyone present to quickly restart the game when a different

person wants to try out the game.

20 https://www.gdcvault.com/play/1023475/Animation-Bootcamp-Rainworld-Animation
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Furthermore, in order to foster competition and make the events more exciting, a simple
scoreboard was added to the game. This scoreboard displays the names of the top players
who solved the minefield the fastest, along with the time it took them to finish the game.
The first of these playtests was conducted at MangudeOO 2021.

2.3.1 Mingude00 2021

This event was held on the evening of September 25, 2021. At the time, MWF was just a
playable prototype, and the goal of this test was to prove whether the game concept was fun
and engaging. As such, the players were provided instructions about how to play the game
on paper (see Appendix Il1), which allowed new players to learn the game despite not having

previous experience with other Minesweeper games.

The testing area occupied the wall of a corridor, which led to the rest of the event. Tables
were placed along this wall to hold the necessary equipment. MWF was playable coopera-
tively on two laptops placed on this table. Additionally, one of these laptops was connected
to a large widescreen monitor along the wall to display a live feed of the gameplay to people
passing by. Next to the laptops were small pages of paper with controls and instructions for

playing the game written on them.

The test was very successful, with many players enjoying the game and some even returning
several times to improve their scores. At the event, the game was played by over 30 people
and most testers enjoyed the game. However, the concept of using money as health seemed
difficult for some players to grasp. This test also highlighted several performance bugs,

which were fixed later in development.

2.3.2 Computer Graphics Project Expo

After receiving feedback at MangudeOO, several bugs and performance problems for the
game had been fixed. Additionally, the game was visually improved within the scope of the
University of Tartu course “Computer Graphics Project” (CGP), increasing the overall vis-
ual appeal of the game. The course was taken twice, during both the spring and fall
semesters of 2022. At the end of each semester, students had to participate in an expo to
display the results of their projects, which is where these playtests were organised. The sec-
ond CGP expo occurred early in the second development iteration, but as its results were
very similar to the first expo, they are both covered in this chapter.
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During the first CGP Expo, six desktop computers were set up to play the game, whereas
the second expo only had room for two computers. In addition to MWF, both events had
many other games set up to play Minesweeper. The room configurations for each event can
be found in Appendix IV. During both events, players were provided paper instructions
identical to the ones used at MangudeOO 2021. Additionally, a small leaflet was placed on

a stand next to the computers, displaying a description of the project and its goals.

Compared to other events, attendance for these expos was low: about 10 to 20 people per
event. However, most of the attendees were students or employees of the University of Tartu
and they often had a background in science, so they were eager to give detailed feedback.
In addition to uncovering many bugs, the detailed feedback from these playtests helped in-
spire many future features for the game, such as the Survival Mode. Furthermore, the first
CGP Expo was a partial inspiration for developers of another multiplayer version of Mine-
sweeper?!, which was later nominated for multiple awards at the Game Development World

Championship?.

2.3.3 Comic Con Baltics 2022

This expo was held on May 20-22 in 2022 at the
Lithuanian Exhibition and Congress Centre.
Throughout the event, MWF was playable on two
computers placed on a standing desk (see Figure
12). At the time, the game was an improved version

of the prototype, with enhanced graphics, anima-

tions, and some bug fixes. Players were provided the

same paper instructions used during previous Figure 12. Comic Con Baltics 2022

events. room setup

During the event, the game was tested extensively
over the course of three days by a total of over 50 people. Several bugs and problems were
found within the game, which were fixed later. Most notable examples include:

1. The computers overheating due to resolution scaling problems;

2. Custom display settings sometimes reset when players restart the game;

21 https://mihkelroomet.itch.io/mine-sweep-battle
2 https://thegdwc.com/games/630554d5-715f-4d3e-a601-e7e318e434fc
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3. Tiles sometimes disappear from the minefield when players restart the game.

When the players were asked what they think would improve the game, two experienced
players suggested adding chording to the game. Also, many players had suggested a com-
petitive game mode, where players are able to shoot each other. This is likely due to the
somewhat confusing nature of the harmless pistols every player carried, but it still sounded
like an intriguing idea. This was one of the inspirations for the game’s Survival Mode, which

is discussed further in the next iteration.

2.3.4 Results

Despite the different locations, the testing process at each event was very similar and there
were at least 100 total participants. Over the course of these tests, certain notable patterns
of behaviour emerged among the players most interested in the game. Two distinct types of

invested players were observed: nostalgic speedrunners and curious explorers.

Most of the nostalgic speedrunners (average age 18-24) were used to playing the original
game and wanted to compete for achieving the fastest time, also known as speedrunning.
This score was their main motivation and they often returned to the testing booth several
times to beat their old scores, or the scores of other players with a similar goal. At each test,
between one and four nostalgic speedrunners were observed. Sometimes, when these play-
ers happened to meet at the same time, they cooperated in order to create a new high-score
which would become higher than their individual scores. Such scores were usually at the
top of the leaderboards until the end of the event, or until a different combination of

speedrunners beat them.

The curious explorers (average age 12-24) were a type of player that was more interested in
learning and experiencing the game. In every test, at least five of these types of players were
observed. These players were very curious and offered many creative suggestions for game
improvements, despite usually having little to no previous experience with Minesweeper.
The most common suggested feature brought up by more than five independent players from
this category was the ability to fight or compete with their friends directly in some way.
After offering their suggestions, these types of players usually played for a length of time

longer than the average player, but shorter than that of most speedrunners.

Such behaviour may suggest that the curious explorers were interested in the game, but it

wasn’t offering them an engaging enough experience to keep playing. To remedy this and
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to further engage players who were looking for new experiences, an alternative game mode
with a more directly competitive focus called “Survival Mode” was created, which is de-

scribed in more detail in Chapter 3.1.

However, both types of players encountered a problem with mines that had already ex-
ploded. To solve the minefield, players would often have to count the number of mines that
surround a specific square. While doing so, players would often disregard revealed mines,
because only a two-dimensional sprite was left behind. This would lead to several mistakes,
which confused and frustrated players. This problem was later remedied by creating a three-

dimensional model for a tile that has exploded, which is described further in Chapter 3.1.

Another notable discovery was that players often encountered problems when they tried to
learn the game without reading the instructions. It was common for players to reveal tiles
randomly and fail to understand that they were losing money with each mistake. Once they
ran out of money, this would cause confusion and it would sometimes even lead to these
types of players giving up on the game. In order to tackle this problem, the entire system of

money was overhauled with a new health system in the next iteration of development.

25



3 Second iteration

During the second iteration of the game’s development, both the game’s design and tech-
nical aspects were improved. New features, such as a new game mode and a health system
were designed, which is described further in Chapter 3.1. The technical implementation of
these features and some problems encountered during that process are discussed in Chapter
3.2. In order to figure out the game’s suitability for the market, an online survey was con-
ducted and analysed in Chapter 3.3. Once the improved version of the game was playable,

detailed user testing was performed, which is discussed further in Chapter 3.4.

3.1 Game Design

In the tests performed in Chapter 2.3, several important shortcomings of MWF’s game de-
sign were highlighted. In order to further improve the game, many features of MWF were
added or redesigned based on this feedback. This chapter describes the many design deci-
sions made during the game’s second development iteration, the first of which was replacing

the existing system for money.

3.1.1 Health and Money

In the tests performed in the previous iteration, players were often unable to figure out why
and how they were losing money when they made mistakes. The connection between the
money and its diegetic usage was tenuous and difficult to understand even for experienced
fans of other PC games. To make this connection more intuitive for players to grasp, the

game’s mechanics were brought closer to what is expected from games in the same genre.

MWEF can be categorized as a third-person shooter and a puzzle game. Neither of these types
of games typically make players lose money when they make mistakes. Instead, in most
third-person shooters such as Warframe?® and Evil Dead: The Game?*, players lose health
whenever they make mistakes. In order to make MWF easier to understand, a similar health
system was added to the game, which replaces some of the functionality from the previously

implemented money system.

2 https://store.steampowered.com/app/230410/Warframe/

2 https://store.steampowered.com/app/1493750/Evil_Dead The Game/
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Like in the first iteration of the game, players in

MWF will earn money by solving the puzzle. Store

However, when players accidentally reveal a

mine, they now lose one of three lives. If a player +v -1 @

has lost all their lives, they are unable to reveal

tiles until they buy more. Lives can be purchased "More items coming soon!" - Dev

in a new store menu for one bundle of money per Resume Game

life (see Figure 13).

To ensure that players intuitively understand and Figure 13. Store menu

become aware of their character’s health, it is also

useful to reflect it in their appearance [12]. For this reason, health in MWF was also dis-
played as limbs exploding off the character (see Figure 14). The removed limbs would
become skeletal versions instead, with the character becoming completely skeletal when all
health is lost. This system also has the benefit of displaying each player’s health to other

players, allowing them to see who is keeping pace and who may need help.

However, this change introduced another type of resource
that players would need to keep track of (health), which made
the game more complex. To reduce some of that complexity
and keep the game as intuitive as possible, leaves of money

were removed from the game. Instead, players can now only

see the bundles of money they have collected. This also adds
Figure 14. Character’s an element of surprise to the process of revealing tiles, as
limb exploding players do not know exactly which tile would “contain” the

next bundle of money.

3.1.2 Survival Mode

The testing performed at various events during the last development iteration revealed that
many players have the desire to play the game competitively. To cater to the needs of these
players, a new game mode called Survival Mode was added to MWF. This is a new way to
play the game, differing from the cooperative game mode developed in the previous itera-
tion, which is now called Classic Mode. When a player starts hosting a new game, they can

choose which of these game modes they would like to play.
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Survival mode does not feature health or

00:30

money. Instead, each player has a timer which
is counting downward from 30 seconds (see
Figure 15). Whenever players reveal a tile,
they are rewarded with extra time on this
timer. However, when the timer reaches zero,
players are unable to reveal any tiles. In this
game mode, player limbs are destroyed and re-
grown depending on how much time they have

left. In this way, the timer serves as areplace-  Figure 15. Survival mode timer starting

ment for all the functionality of the health

system.

The game lasts until every player except one is unable to continue solving the puzzle. At
that point, the player who can still play is the winner. Currently, the game can also end with
everyone winning the game if the minefield is solved before the end of the game. However,
in the future, this minefield will be replaced with a new version that periodically replaces
solved tiles with unsolved tiles, gradually increasing the game’s difficulty until someone

wins.

3.1.3 Lobby Settings

In games like Minesweeper, it is difficult to adjust the

v
game’s challenge to be appropriate for its audience. As the Custom

testing in the previous chapter has shown, the potential au- .
width ()

dience for the game can vary significantly in terms of their
experience and skill, which is important to consider when Heig ht m
designing the game’s difficulty [10]. After all, a game that

provides an appropriate challenge for one player may be

stressful for another. Figure 16. Lobby settings

To alleviate this problem, MWF allows players to choose

difficulty levels, which is a well-tested and reliable way to balance a game [11]. This allows
players to decide upon the appropriate level of challenge by themselves and pick the appro-
priate difficulty level (easy, medium, or hard). Because of this, the scoreboard was also

separated into three different sections depending on the difficulty.
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To provide players with even more freedom, they can also create custom games, which
allow them to choose the minefield’s length, width, and mine density (see Figure 16). How-
ever, because the difficulty can vary so significantly in this case, the scoreboard becomes
practically useless for the custom difficulty levels. As such, the custom difficulty is not

useful for players whose main goal is to improve their score.

3.1.4 Visualizing Destroyed Mines

During the tests conducted in the previous development iteration, it was discovered that
players would often overlook revealed mines. This was a significant problem, as the process
of solving the minefield would often require players to count the number of mines in an
area. If players overlook a destroyed mine, they may make an error in counting the number
of mines, which would often lead to a mistake in solving the puzzle, causing frustration for

the players.

To remedy this problem, destroyed mines needed to NG 1K Version 2
7
&

<

Figure 17. Versions of the

be visualized in a more noticeable way. Initially, an
experimental two-dimensional crater sprite was
used. However, because all tiles were three-dimen-
sional, this would still lead to many players
overlooking the two-dimensional sprites when )
explosion craters

counting the number of mines. For these reasons, a

second, three-dimensional version of the crater was created (see Figure 17). The color of
this model is the same as the flagged tiles, which is likely to be an intuitive connection

between craters and flagged tiles.

3.1.5 Tutorial

During the previous iteration’s testing phase, the game was very difficult for some players
to understand without the use of paper instructions. Because most players will not have
access to these paper instructions, it is necessary to provide sufficient hints to the players
using the game itself. For this reason, some simple and non-intrusive tutorial hints were

added to the game.
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The tutorial includes simple prompts for using the vari- Every number tells you how
. many mines are in the 8
ous controls necessary for playing the game. Whenever surrounding boxes

the player presses the prompted keys, the tutorial moves 128 o NUmb
xampie: Number
{2 B mea?\s there are

on to the next instruction. Additionally, a new menu that ol 5 mines around it

is accessible by pressing “H” was added to provide new
Shoot () all empty boxes

players with information about how Minesweeper works to Win the game!
(see Figure 18). Combined, these (4] to close
tutorials provide players with all the information pro- Figure 18. Tutorial menu

vided by the paper instructions used for testing the

game’s first iteration.

3.2 Implementation

Throughout the second development iteration, a lot of new functionality was designed and
developed. This subchapter covers the technical implementation of the many features that
were designed in the previous section. In order to support all these features, the game’s
scripts were restructured to improve the overall structure of the codebase, which is explained
further in Subchapter 3.2.1. Additionally, a new competitive game mode was created, which
is explained in Chapter 3.2.2. Furthermore, the development of a health system that involves
the player avatar’s limbs being destroyed is covered in detail in Subchapter 3.2.3. Addition-
ally, many of the small technical problems found in the previous iteration’s testing phase

were resolved throughout the development of the second iteration.

3.2.1 Codebase Restructuring

At the start of the game’s development, MWF was a quick prototype created as a simple
proof of concept. As such, much of the codebase was unstructured and difficult to navigate.
To implement the various features described in the design chapter, some improvements were
made to the codebase in order to make it follow a more logical structure and become easier

to manage.

The first of these improvements was the usage of assembly definitions®®, which are assets
that can be used within the structure of a Unity project to organize scripts into assemblies.

By doing so, scripts can be detached from other scripts, allowing each assembly to be

25 https://docs.unity3d.com/Manual/ScriptCompilationAssemblyDefinitionFiles.html
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compiled separately. This could reduce compilation times, as only a portion of the codebase
would need to be refactored when small changes are made to scripts. Additionally, the im-
plementation of assembly definitions served as an inspiration to decouple some scripts from
each-other scripts, resulting in code that was more modular.

Once this structure was established, the code was also organized into namespaces®.
Namespaces allow code to be organized so that only relevant code is accessible from any
part of the codebase. Whenever a script requires the usage of scripts from another
namespace, they need to explicitly declare this with a “using” statement at the start of the
script. Thus, well-structured namespaces have the additional benefit of making the code
easier to intuitively understand, as any script’s dependencies could be determined by exam-
ining its “using” statements. To make this type of system easier to use, the namespaces were
aligned with the project’s folder structure, and they are kept automatically synchronised

using a free Unity Asset Store tool called SmartNS?’.

3.2.2 Survival Mode

In addition to the aforementioned codebase changes, many more changes had to be made in
order to support an additional game mode. Many scripts related to the game modes, such as
the GameScenePlayer and PlayerDataManager, were changed into abstract or
inherited classes. This approach was used to provide separate functionality dependent on
the selected game mode. Whenever applicable, any scripts that were specifically used for a
single game mode were named with an appropriate suffix. For example, the inherited version
of a script called GameScenePlayer created specifically to provide functionality for the

Survival game mode would become GameScenePlayer Survival.

As many of these changes required significant code refactoring or restructuring, this process
took a lot of development time. As the code was being refactored for these purposes, several
small code quality improvements were also made. For the most part, this involved changing
function or variable names to be more specific, removing unused code, and generally

improving readability.

% https://docs.unity3d.com/Manual/Namespaces.html

27 https://assetstore.unity.com/packages/tools/utilities/smartns-109633
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3.2.3 Character Dismemberment

Another feature, which took significant effort
to implement was the visualization of player
health as limbs falling off the character. For
the player character to keep interacting with
the world as they are losing limbs, an alterna-
tive skeletal version of the player model was
created using Blender (see Figure 19). Once Figure 19. Skeletal character model

implemented, the skeletal version was in-

tended to always be beneath the player character’s skin. This way, as the skin of a specific

limb is removed, the skeletal version of that limb would be revealed underneath.

However, there were some problems with implementing this system. Although the skeletal
version of the player’s model was created to be covered by skin from all angles, this did not
apply to the model when it was posed. In most cases, bending any of the character’s limbs
would cause parts of the skeleton model to poke out from underneath the skin (see Figure
20).

To resolve this problem, two new scripts were created:
PlayerLimbsDisplay and Limb. Both are responsible
for hiding and revealing different parts of the skeleton as the
player loses health. Additionally, these scripts remove the
player’s skin from different limbs when necessary. This is

achieved either by scaling the relevant bones to zero or by

hiding the models altogether.

Figure 20. Character bones

protruding through skin
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3.3 Online Survey

Based on the testing performed in Chapter 2.3, two distinct types of players were identified:
nostalgic speedrunners and curious explorers. This subchapter aims to further validate these
observations and find additional information about MWF’s potential future players. For
these purposes, an online survey was created with Google Forms?® and sent out to a com-
munity of Minesweeper fans. The creation of this survey is explained further in Chapter

3.3.1. The results are analysed and discussed in Chapter 3.3.2.

3.3.1 Survey Methodology

It has been discovered that retro game features are likely to be a positive signal to consumers
[18], creating a more favourable and nostalgic attitude toward the game. Based on this in-
formation and the observations described in Chapter 3.3, players who are nostalgic toward
the older versions of Minesweeper are likely to try out new games that provide a similar
experience, such as MWF. Because of this, the survey contains four questions about previous

respondent experience with Minesweeper.

To figure out the demographics of the game’s potential players, the survey also includes two
questions about respondent demographics and four questions about respondent gaming hab-
its. Furthermore, to better direct future marketing activities, many additional questions were
included about the usage of social media platforms, news websites, and gaming habits. The
final survey has a total of 19 questions and takes less than ten minutes to fill out.

To gather useful feedback, this survey had to be sent to a large audience of players invested
in who may be interested in the game. Thus, the link to the survey was shared with Reddit’s
dedicated Minesweeper community?®, which has over 12000 members. After it was pub-
lished, the post was upvoted by thirteen people and it received one comment, which led to

a significant number of participants filling out the survey.

28 https://forms.google.com/

2 https://www.reddit.com/r/Minesweeper/
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3.3.2 Survey Results

A total of 38 respondents answered the survey Last time, when played Minesweeper

over the course of eight days. This number sur-
passes that of most previously conducted testing
sessions. Additionally, the long survey helped

discover many details about respondents, that the

Today @ Thisweek @ Overamonthago @ Overayearago

previously conducted tests did not uncover. Fur-

73.0%

thermore, because most of the respondents are

dedicated fans of Minesweeper, they are likely to

be a more accurate representation of MWF’s tar-

get audience than the attendants of an unrelated

physical event.

Figure 21. Last time participants

played Minesweeper

Over 87% of respondents had played some version of Minesweeper within a week of an-

swering the questionnaire (see Figure 21) and all 38 respondents agreed that they have

previously enjoyed playing other versions of Minesweeper. This result was likely because

the survey was conducted among a community of Minesweeper fans. This means that survey

participants line up with the image of “nostalgic speedrunners” that formed during the test-

ing performed in Chapter 2.3.

Age of participants

® Under1s 18-24 @ 2534 @ 4554

44 7%

Figure 22. Participant age groups

The most common age group for respondents was 18-
24, followed by 25-34 (see Figure 22). These two age
groups combined constitute over 76% of the respond-
ents. Based on these results, MWF’s potential target
audience is people ages 18 to 34 who have previously
played other versions of Minesweeper and are look-

ing for something new.

Over a third of the respondents play games on their
laptops. Furthermore, a survey by Statista [19]
showed that over 70% of adults in the United King-
dom have a laptop. Therefore, it is likely that a large
portion of potential MWF players would prefer to
play the game using their laptops.
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However, most laptops are generally slower than desktops®. Thus, the ability to run the
game on low-end machines like laptops would give MWF a significant competitive ad-
vantage compared to other games with more detailed graphics and worse performance. This
also means that optimization should be an important factor in MWF’s future development.
To further improve the course of the game’s development, testing of the game’s second

development iteration was performed.

3.4 Second Iteration Testing

Throughout MWF’s second development iteration, several important features were re-
worked or added to the game. To determine potential usability problems for the resulting
game, physical user testing of the game was conducted. Subchapter 3.4.1 discusses the phys-
ical testing methodology, whereas Subchapter 3.4.2 analyses the results of these tests. To
further validate these findings and to determine the degree to which players were immersed
in the game, a feedback form was created. The results of this feedback form are further

discussed in Subchapter 3.4.3.

3.4.1 Testing Methodology

One of the most useful ways of usability testing is observation, which requires only five
users to provide meaningful data [20]. Because of this, observation was used as the means
to determine whether MWF is free of usability problems and intuitive for players to under-
stand. Thus, participants were invited to a physical location where they could play the game
and solve any problems they encountered on their own. This process was observed, as any

significant setbacks encountered by players were written down for further analysis.

Additionally, if players consented, then playtests were recorded for later review. For these
purposes, the open-source recording and broadcasting software OBS3! was used. A total of
eleven participants were recorded playing the game. However, on several occasions, there
were either technical problems with the recordings, or the participants asked for their tests

not to be recorded.

30 https://www.technowize.com/lets-end-the-foolish-debate-of-laptop-vs-desktop/

31 https://obsproject.com/
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Most of the testing was conducted in the University of Tartu Delta Centre, within the Com-
puter Graphics and Virtual Reality Lab3. However, as the lab was used for an event during
a portion of the testing, two testing sessions were carried out outside of this Lab. Regardless
of location, the setup included two to four computers with the game already open and con-

nected through Steam to the same lobby for the Classic game mode.

Players were able to adjust lobby settings and start the game whenever they were ready for
the test. After participants had finished playing at least one Classic game, they were asked
to stop, as the computers were reconnected to a new lobby for Survival mode. After winning
or losing at least one game of each game mode, participants were asked to fill out a feedback

form.

To organize these testing sessions, the scheduling platform Calendly®® was used, as it pro-
vides a flexible interface for selecting an appropriate date and time. Testers were able to
pick any available date and time between April 24 and April 30. Because the game is de-
signed for multiplayer gameplay, each testing session involved two to four participants. Any
participants who didn’t have a friend to bring along were encouraged to join an existing
group of less than four people. Invitations to join the testing were sent out to the University
of Tartu’s computer science student e-mail list and the Estonian Game Development3*

Discord community.

3.4.2 Usability Testing Results

The game was tested from 22.04 to 28.04 in the year 2023. During this period of time, eight
testing sessions were conducted, with a total of 19 participants. Considering the testing pe-
riod lasted only a week, this was a significant turnout of people, providing more than enough

information to make meaningful observations about usability.

These testing sessions usually lasted 15 to 25 minutes, but some participants chose to play
more than one game of any game mode or to keep playing after filling out the survey. This
practice was encouraged, as it provided additional opportunities for observing player behav-
ior and finding usability problems. In total, 32% of players stayed after the initial testing

session, usually because they wanted to try to improve their own score on the scoreboard.

32 https://cqvr.cs.ut.ee/

33 https://calendly.com/

34 https://gamedevestonia.ee/
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Table 1 below shows the number of participants for each testing session, along with the

number of participants who continued playing after the end of each testing session.

Table 1: Distribution of participants in each testing session

Session # | Testing Session Number of Number of Participants who
Participants | Continued Playing
1 24.04.2023 18:00-18:30 | 4 1
2 24.04.2023 18:30-19:00 |2 0
3 25.04.2023 15:00-15:30 |2 0
4 27.04.2023 11:00-11:30 |3 3
5 27.04.2023 13:00-13:30 |3 0
6 29.04.2023 20:00-20:30 |3 2
7 29.04.2023 21:30-22:00 |2 0

These testing sessions revealed five potential problems with usability. Additionally, one
technical problem related to game functionality was uncovered. The first testing session was
much more productive than any other session at uncovering these problems. This can be
attributed to the fact that only the first user is required for finding out almost a third of all
there is to know about the design’s usability [21]. Details about each uncovered issue can

be found in Table 2 below.

Table 2: Issues discovered throughout the usability testing process

Issue # | Session # | Description Priority

Usab-1 |1 Survival mode still has the store, despite the shop | High
being useless in that game mode. This confused
some players.

Usab-2 |1 It should be possible to return from the game to High
the lobby in order to change lobby settings

Tech-1 | 1,2 Sometimes, players are unable to open the store in | Very High
Classic mode.
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Usab-3 |3 The health of other players should be included as | Medium
part of the user interface, so players could make
faster decisions

Usab-4 |1, 3, 4,5, | Some players are unable to intuitively understand | High
6 Survival mode

Usab-5 |5 Some players tried to start solving from different | Low
corners of the minefield. This is inefficient because
only the first shot reveals a large area.

Usab-6 | 6 The default mouse sensitivity is too low for most | Low
players.

The highest priority issue discovered during the testing process was Tech-1. This issue in-
volves players being unable to open the store in Classic mode. This is a significant problem,
as the player who encounters this issue will be unable to buy any additional lives, and thus
they may be forced to give up on a game early, despite having the resources to continue
solving the puzzle. However, the cause of this issue has not been identified, as it is very rare

and it is yet to be reliably reproduced.

Another notable issue is Usab-4, that involves the inability of some players to understand
Survival mode. It was previously presumed that a single timer ticking down would make
players intuitively assume that the timer reaching zero means their own death. However,
most players were unable to understand this connection between the timer and their death.
Although in sessions 2 and 7, some players understood the concept and explained it to the
others usually this mechanic was too confusing. In such cases, the purpose of the timer was

explained to each player.

Other high-priority issues are Usab-1 and Usab-2. The first of these issues was caused by
an oversight in the design and development of Survival mode, which allows players to open
the store even when it is useless to them. Issue Usab-2, however, causes significant down-
time for the players. This issue is caused by players needing to reconnect every time they

wish to adjust the lobby’s settings, which breaks their immersion within the game’s world.
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3.4.3 Feedback Form

After each test, the participants were requested to fill out a feedback form. This form pro-
vided testers with an additional opportunity to anonymously disclose criticism about the
game and suggest potential new features. Additionally, to determine the characteristics of
this testing group and whether they fit into the game’s target audience, it included several

questions about participant demographics and gaming habits.

Furthermore, a section of this form was dedicated to determining the degree to which players
of MWF were immersed in the game, as immersion is one of the game’s most important
competitive advantages. This section of the form was created based on the seven dimensions
of immersion as defined by Hua Qin et al. [22]. However, the dimensions of comprehension
and familiarity were excluded from this process, as the game currently does not feature a
concrete story that players could understand or familiarize themselves with. Additionally,
several questions about immersion were added to the form based on the research conducted
by Charlene Jennett et al. [23].

More than half of the test participants were be- Age of participants

tween the ages of 18 and 24 (see Figure 23). @ Under1s 18-24 25-34 35-44
Furthermore, 68% of participants were between

the age of 18 and 34, which matches the game’s 12.5%
potential target audience as determined by the

12.5%
online survey conducted in 3.3. In addition, 68%

of participants play games on their computers
once a week. Therefore, it can be assumed that a

significant subset of the participants is part of the

06.3%

game’s target audience.

To the question “how difficult was this game”, Figure 23. Age of test participants
all the responses were between one and seven on

a ten-point scale. Additionally, when asked how well they understood the game, all partici-
pants except one responded with values above five. Based on this information, it can be
assumed that most participants understood the game and none of them found it notably dif-

ficult to play.

Over three-quarters of all participants responded that they would play the game at least once
a month in their free time. Furthermore, when asked how likely they are to recommend the
39



game to someone else, three participants (16%) responded with the maximum score on a
ten-point scale (see Figure 24). This indicates that many test participants are interested

enough in the game to continue playing, and some of them would even go out of their way

Recommendation of the game

Responses

Scores

Figure 24. How many participants would recommend the game to their friends

to promote the game to other players.

In the section of the feedback form which dealt with measuring the game’s immersion, each
question was intended to measure a specific factor of immersion. Many scores of these fac-
tors had a distribution that was concentrated at a point above the score of five (see Figure
25 below). The most notable of these are regarding the measurements of player concentra-
tion, sensation of character control, and empathy towards the world of the game. Based on
these results, MWF achieves a high degree of immersion in at least these three out of seven

dimensions of immersion.

However, the distribution of some answers to these questions was unexpectedly even. This
indicates that the game still has a lot of room for improvement in many dimensions of player

immersion. The most notable of them are the following:

e Curiosity about the game and the characters;
e The sense of controlling the game intuitively without being aware of the controls;

e Empathy towards the player avatar.

Additionally, the implementation of a comprehensive story that is familiar to players would
likewise improve player immersion, as the related dimensions of immersion had to be ex-

cluded from this feedback form.

40



The final section of this feedback form requests participants to rate the importance of fea-
tures that may be added to the game in the future. Based on answers to this question and
other information gathered throughout this testing process, potential future improvements
to MWF are discussed in the next chapter.

Immersion Measurement

11

Curiosity Concentration Character Control  Intuitive Game Control

"~ -3 oo =)

Score Distribution

Score Distribution

E \/ V
World Empathy Character Empathy Emotional Character
Empathy

[N

Figure 25. Distribution of answers about the dimensions of player immersion
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4 Future Development

During the testing of the second iteration, a lot of new information was uncovered about
potential paths of future development for the game. The most urgent aspect of the game’s
future development is fixing all the very high or high priority issues, followed by most of
the medium priority issues. This means that the next phase of development will start with
fixing a series of high impact usability problems, along with one technical bug which is

currently occurring for an unknown reason.

Soon after resolving these problems, the game will be published on the digital game distri-
bution platform Steam for free. Some work has already been done to integrate the game with
Steam’s features, such as using the “friends list” feature in Steam to join another player’s
lobby. However, further development is required to integrate the game’s scoreboard with
the platform, as well as to create an achievement system to reward players through Steam.
In addition, any potential technical issues that emerge from this software integration need
to be resolved.

After finishing this integration process, several new features will be added to the game. One
of the most requested potential features by players is the implementation of items or
powerups into Survival mode, which would allow some players to distract or disrupt other
players. This would increase the amount of interaction between different players, providing

them with a more dynamic experience with a social focus.

Another highly requested feature was additional options for customizing the player avatar
and the environment. These changes would add visual variety to the game, which would
make the game seem less repetitive. Additionally, some of these customization options can
be linked to player achievements, requiring players to complete an achievement in order to
use them. This will give players more incentives to work toward as they play the game,

increasing the game’s longevity.
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Conclusions

Throughout this thesis, a new immersive multiplayer puzzle game called Minesweeper With
Friends (MWF) was created. It was designed to be as immersive and intuitive as possible,
in order to provide players with a unique experience distinct from the game’s competitors.
Development of this game followed two iterations, each of which involved a design,
implementation, and testing phase.

Within the first development phase, many features were created for the game in order to
improve player experience. Most notably, a system was created that allowed players to earn
money throughout gameplay and use it to survive their mistakes. This made the game much
more forgiving than most other implementations of the game, usually preventing situations

where players would lose the game due to bad luck.

At the end of the first development iteration, the game was playtested at four events, with a
total of over 100 test participants. After each event, the game was slightly improved either
technically or visually. However, the game’s general design principles remained the same
throughout this process. These tests were incredibly useful and they served as inspiration

for most of the new features created in the game’s second development iteration.

During the second development iteration, the system of money was modified and a new
health system was added to the game. Furthermore, a store menu and a tutorial were created
for the game, along with a new competitive game mode and several other features. As these
features were implemented, an online survey was conducted among fans of similar games

to determine the characteristics of the game’s target audience.

In order to measure the immersion and usability of the game created throughout this thesis,
thorough playtesting was conducted at the end of the second development iteration. The
tests revealed that although the game manages to achieve a degree of player immersion,
there are still many ways in which its immersion could be improved. Additionally, it was
discovered that many players enjoyed the game, sometimes to the point of staying after the
testing sessions to continue playing. Furthermore, the test uncovered a total of six usability

problems and one technical problem, many of which will be fixed in the near future.
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After fixing these problems, the future development of the game involves publishing the
game on the digital game distribution platform Steam. During this process, the game will be
integrated with Steam’s systems to better use the tools provided by this platform. Afterward,
several new features will be added to the game, most notable of which are usable items or

powerups, new customization options, and achievements.

I would like to thank all the testers for trying out the game and providing useful feedback. |
thank the University of Tartu’s Computer Graphics and Virtual Reality Lab for providing
the space and equipment necessary for conducting the second iteration’s testing. | would
also like to thank Raimond-Hendrik Tunnel for providing useful learning materials about
writing the thesis and for inviting me to many events where the game could be tested. Special
thanks to supervisor Mark Muhhin for answering many questions and providing useful

feedback throughout the writing process.
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Appendix

I. Glossary

Game mode

An alternative way in which a game can be played. This typically involves separate
rules and mechanics which differentiate one game mode from another. This can even
extend to the point at which different game modes may belong to different genres
altogether.

Multiplayer

A type of game that involves more than one player.

Cooperative Game

A type of game that involves more than one player working together.

Competitive Game

A type of game that involves more than one player working against each other.

Diegetic

Existing within the context of the fictional world in which the game’s events are tak-

ing place.

Achievement

In the context of video games, a set of arbitrary challenges created by the developer
to be met by the player®.

User Interface

The space where humans and machines interact with one another®.

35 https://en.wikipedia.org/wiki/Achievement (video games)

36 https://en.wikipedia.org/wiki/User interface
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IL.

Accompanying Files

/paper_instructions — Folder containing pictures of the paper instructions given to
players for testing conducted in the first development iteration

gameplay.mp4 — Short video demonstrating the game’s features
MWEF_build_steam.zip — The zip archive containing the build of the game tested at
the end of the second development iteration. It is possible to use this build to connect
with other players using the Steam friends list

online_survey.pdf — The online survey used for the market research conducted at the
end of the second development iteration

online_survey_responses.csv — The data gathered from responses to the online
survey for market research

testing_form.pdf — The feedback form used for the testing conducted at the end of
the second development iteration

testing_form_responses.csv — The data gathered from responses for the physical
testing feedback form
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III. Source Code

Available via request on https://bitbucket.org/KaarelRyysak/minesweeper-with-guns/src/.

Please send an email to kaarelkaks@ryysak.com to request access.
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IV. Room Setup for Each CGP Expo Event
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Figure 26. Room setup for the first CGP Expo event.
Author: Daniel Nael.
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Figure 27. Room setup for the second CGP Expo event.
Author: Daniel Nael.
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