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Abstract

The interactive component of video games demands that the subject of difficulty is
one of the chief points in designing them. In their beginning the focus was to make
the most money off arcade cabinets or to extend the playtime of otherwise short
games. Nowadays the main concern should lie on creating the best experience possible,
which can be accomplished by a high, low or balanced difficulty. Sound design is al-
ready widely used to form the difficulty level, but there is insufficient study about this.

Through well-executed sound design, the player is not only influenced in his or her
aesthetics perception of the game’s story or world, on top of this he or she automa-
tically takes in various hints like warning sounds. Through the auditory layer the
game designer can forward important information to the player without cluttering the
graphical interface. Game mechanics can be made more clear or easier learnable, and
general player performance can be boosted.

In this master thesis the existing research surrounding this topic will be summarized
and presented. For the workpiece a video game was created in which many practices
from the theoretical part were included.



Abstract

Durch die interaktive Komponente von Videospielen liegt einer der zentralen Punkte
des Designs auf dem Schwierigkeitsgrad. Einst lag der Fokus darauf, moglichst viel
Geld am Arcade Automaten zu verdienen oder kurze Spiele kiinstlich zu strecken.
Heutzutage sollte mehr darauf geachtet werden, das bestmogliche Spielerlebnis zu
schaffen, sei es durch einen hohen, niedrigeren oder ausgewogenen Schwierigkeits-

grad.

Sound Design ist eine viel verwendete aber noch nicht griindlich erforschte Variab-
le beim Formen des Schwierigkeitsgrades. Durch gut ausgearbeitetes Sound Design
wird der/die Spieler*in nicht nur in der Wahrnehmung der Geschichte und Welt des
Spieles beeinflusst, sondern nimmt auch automatisch verschiedene Hilfestellungen wie
Warnlaute auf. Durch die auditive Ebene konnen wichtige Informationen vermittelt
werden, ohne das grafische Interface zu tiberladen. Spielmechaniken kénnen eindeuti-
ger oder leichter erlernbar gemacht werden, aulerdem kann die generelle Leistungs-
tiahigkeit verstirkt werden.

Die vorhandene Literatur rund um das Themengebiet wird in dieser Masterarbeit zu-
sammengefasst und prisentiert. Im praktischen Teil wurde ein Videospiel erstellt, in
dem viele Praktiken aus dem Theorletell exerziert werden.



Eidesstaatliche Erklarung

Ich erklire ehrenwdrtlich, dass ich die vorliegende Masterarbeit selbststindig an-
gefertigt und die mit ihr verbundenen Titigkeiten selbst erbracht habe. Ich erklire
weiters, dass ich keine anderen als die angegebenen Hilfsmittel benutzt habe. Alle aus
gedruckten, ungedruckten oder dem Internet im Wortlaut oder im wesentlichen In-
halt iibernommenen Formulierungen und Konzepte sind gemil den Regeln fiir gutes
wissenschaftliches Arbeiten zitiert und durch FuBnoten bzw. durch andere genaue
Quellenangaben gekennzeichnet.

Die vorliegende Originalarbeit ist in dieser Form zur Erreichung eines akademischen
Grades noch keiner anderen Hochschule vorgelegt worden. Diese Arbeit wurde in
gedruckter und elektronischer Form abgegeben. Ich bestitige, dass der Inhalt der
digitalen Version vollstindig mit der gedruckten Version iibereinstimmt. Ich bin mir
bewusst, dass eine falsche Erklirung rechtliche Folgen haben kann.




Acknowledgements

I want to thank my family for supporting me all this time, even when pursuing weird
niche topics like game sound design.

Thanks to my supervisor Joset” Griindler for his feedback and for helping create this
master study in the first place.

Thank you, Christina Cossee, for helping with the visuals of the game and for being
there for me.

And thanks to all the people doing research and sharing knowledge.



Table of Contents

Acknowledgements............iiiiiiiiiiiiiiiirceeeeeeeeeeeeeeeee e

Table Of CONTENTS c.vuiuienieiiiieeieieeieeeeeeeeeneeeerneseeneseencsesnsncsnsncen

RO o) | WP

1.1
1.2
1.8
1.4
1.5

1.6
1.7
1.8
1.9
1.10

INtroduction...cccceeeeeiiiiiiiiieeecccccc e
Functions of Game Sound .....cceeeeeeeeeeeeeeiiiieeiiieeeieeninennnnnnnn,
Diegetic & Transdie@etiCueeeeeeeereereeereeeeeeeeeeeieeeeeeeeeeeeeenennnn.
Research on Difficulty directly through Game Sound...........
Multimodality ceeeeeeeeeeeeeieeiiieeiieeiiieiiieeeceeeeeeeeeeceeeeeeeeeeeeeee
1.5.1  Combining auditory & visual Stimuli........cccceeeeennnn
1.5.2  Multimodality of Sound and Action.......cccccuuuueeeeen
Execution of Game Sound Design ......cceeveveiveeiieneinneeennennnn.
Ideas for Game Sound Design.......ueeeeeeeveeeeeveeemeeeeeeeeneeennne.
Audio Implementation .....ccuveeeueeiiiiiiiiimmniiinieeciimnnneee
Research SUmmery ...,
The History of Arcade Shoot ’em Ups.......eeeeeeeeeieeeiinnnnnnns

Game Presentation....ccoieveeeiiiiiiieeieniieieeeeeeteeeneeneneenceeencecencnnn

2.1
2.2

Game MeChaniCS .ueuuiuuiiieeeieeineinieneenerneeneeneeneenecneeeceneanens
2.2.2  Player Control......uuueeeeeeueemiimmiieiiiinnnnn.
2.2.3  ENEMY terrriiiiiiiiiiiiiiiiiieceeie e
2.2.4  Difficulty Curve ....cccoovvveeieiiiiiiiiiniiiieiiecnnnne,
DRONGIE s (<Y: 1 14 o N

S.5
S.6
S.9

S. 10
S. 10
S. 12
S. 17
S. 20
S. 22
S. 22
S. 25
S. 27
S. 30
S. 33
S. 35
S. 36

S. 38
S. 39
S. 40
S. 40
S. 44
S. 45
S. 48
S. 49



Sound Design & Implementation ..........cccceeeeeiiiiiiiiiiniiiiiinieinnnnnnn,

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

SEYLE covviiiiiiiiiiii e
General ProCedUure.. ... ieeenieienieinieienienenieneeneneenencencanencen
) 01 1<) Ve F S
) 10 ¥
Damage......ouuuiiiiiiiiiiiiiiiii
MOVEIMENT cettiiiiieeeeeeeieeteeeeeeneneneeesesesnsscacaesesnsnssencassnsncm
P2 N 0803 1<) 11U

IMIUSIC tutnrneneeineeereeeeeeteeerneeraesnseesasensaesnsesasensnssnsesnsennes s

Adaptive MIXINg..eeeeeeeeeeeieeiieiiieiiiiiieeieeeeeeeeennnnnnnnnennnnnnn

, ,
Game RESUIME .......eneniiiiiiiiiiiieiieeeeete et eteeeeneeeeenesncnsneensnesnen s

4.1
4.2
4.3
4.4
4.5

General DISCUSSION cevuuivuieueiererrteeeteereeerneeeseeeseseseeseenneesnnns
Aesthetics & FUNCHION..iiiueiiuieeteeeeereeeeneeeneeeneesneeeneeeneenneens
Supporting the Player....cccoeeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin
Multimodal PractiCes..eiie e iueieeieieeeineeneeeeeeieeneeneeneeneesneenns
Mixing & Implementation........ueeeeeeeeeeeeeeeeeeeieenieeieeeeeeeeeeenn

C lusi
ONICLUSION coiiiiieenieenccecccacocesoscsoscssccssscsssssssssssscssssssssssssssssssssasssess

List Of ReferenCes....uuuniunienieeiiiiiiieiieieieeieeneeneneeerneeneeneeneennen

Table of Figures......cccccuvvuiiiiiiiiiiiiiiiiiiiiiiiiiiieee e

INT0100 4 s B2\ 00§ 101110 0] 1 1IN

S. 50
S. 50
S. 51
S. 52
S. 56
S. 64
S. 68
S. 74
S. 80
S. 82
S. 84

S. 88
S. 88
S. 89
S. 90
S. 91
S. 92

S. 94
S. 98
S. 102
S. 104






Preface

Difficulty in different games takes va-
rious forms. Dark Souls (2011, Bandai
Namco) is said to be very hard, with no
possibility to change this fact, apart from
“getting good”. Cuphead (2017, Studio
MDHR) features an easy mode, but not
playing the hard mode restricts you from
finishing the game. Resident Evil 4 (2005,
Capcom) has a hidden difficulty meter
where the game adjusts itself depending
on the skill of the player. Five different
modes are selectable in Wolfenstein: The
New Order (2014, MachineGames), but
the game taunts you for choosing the lo-
wer two. But how does sound play into
this subject?

There has been some research on the
effect of sound design in this area, for
example in the form of perceived diffi-
culty depending on audio (Darth 2015)
or supporting the player through mu-
sical cues (Ostlund 2015). The related
subject of sonification has also been get-
ting more attention in the last few years
(Hermann et al. 2011).

As it is the fact in other media, sound
plays an important (and often overloo-
ked) part in games as well as in game
design. Displaying certain information
through the auditory layer cleans up
the visuals and helps players to focus on
other important visual cues. If this is
executed well, it should make the game
easier or harder depending on the sound
designers’ intentions.

In this master thesis the research sur-
rounding this topic will be presented and
tested in form of a video game develo-
ped for this thesis. Various practices on
how to change the game’s difficulty just
through sound will be explored. Also,
the sound design and audio implementa-
tion work will be documented.



1. Hesearch
1.1 Introduction

There has been extensive research on
game sound regarding it being a relati-
vely new and niche topic. Video games
have been a big industry for some time
and are a fascinating theme for research
due to their differences to old media like
film. The player is given control to al-
ter what is happening in various degrees
instead of just following the story. This
leads to a different kind of immersion
than in films:

In games with a protagonist, ga-
meplay emotions may equal care
for the protagonist, but this care is
essentially different from empat-
hetic emotion: From the perspec-
tive of gameplay, the protagonist
is a means, a tool, for playing the
game (and achieving the personal
goal of completing the task).!

If the protagonist fails, we fail, if’ he or
she succeeds, we can feel proud of our-
selves. Game designers (most of the
time) want us to feel this sense of accom-
plishment, and, as this thesis is going to
explore, sound is a very powerful tool to
do this.

Games are evolving from their simple
origins and their sound does so, too:

As game design becomes more
complex in structure and quality,
the use of sound as well as gra-
phics to deliver information has
grown in significance. No longer
is sound simply a means to create
mood and enhance to the look and
feel of the game. Sound increa-
singly has a role to play providing
the }Q)Iayer with critical informa-

tion.

To know how we should use sound,
we first must know why we should use
sound, and like most things there are
pros and cons of using it. This becomes
obvious when stripping away other sen-
ses, like in the audio game genre where
most of the time there are no visuals, the
focus lies on sound.

Sound has different strengths and
weaknesses than graphics. It does
something better, like conveying a
sense of weather or surrounding
activity. It does some things less
well, like conveying the position
of a specific object in a space.
[...] Sound is great at conveying
emotion, so it is both smart and

natural to play on this strength.’

1 Ekman 2008, p. 4
2 Ng/Nesbitt 2013, p. 1
3 Papworth 2010, p.4
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Sound sometimes seems to take on the
role of a support player, aiding to make
visuals and gameplay shine without get-
ting the full appreciation. Studies have
shown how sound can influence the per-
ceived visual quality, and vice versa:

These findings suggest that, when
manipulating visual display pixel
resolution and auditory display
sampling frequency and:

* when attending only to the vi-
sual modality, a high-quality vi-
sual display coupled with a me-
dium-quality auditory display
causes an increase in the percep-
tion of visual quality relative to
established baseline conditions
derived from visual-only quality
perception evaluations;

* when attending only to the vi-
sual modality or attending to
both auditory and visual modali-
ties, a high-quality visual display
coupled with a high-quality au-
ditory display causes an increa-
se in the perception of visual
quality relative to established
baseline conditions derived from
visual-only quality perception
evaluations; and

* when attending to both au-
ditory and visual modalities, a
medium-quality auditory dis-
play coupled with a low-quality
visual display causes a decrease
in the perception of auditory
quality relative to established
baseline conditions derived from
auditory on}l‘y quality perception
evaluations.

More specifically, white noise con-
sistently led to a reduction of vi-
sual fidelity perception while clas-
sical music and heavy metal music
can sometimes lead to an increase
in visual fidelity perception.’

Sound has the power to subconscious-
ly alter our perception, but it can also
help to change our feelings and actions
by using emotional feedback. Hug 2009
talks about Super Mario Bros (1985, Nin-
tendo) different sounds of ,power be-
stowing mushrooms“ and ,frustrating
empty stone blocks®. By creating emoti-
onal sounds that we trigger in the game
world we on one hand feel like we are re-
ally interacting with it and on the other
hand we are influenced in our behaviour.’
This seems simple, but there are various
complex concepts in this short example
that will be explained in this thesis.

4 Storms/Zyda 2000, p. 574
5 Rojas et al. 2013, p. 1581
6 Hug 2009, p. 161

1



1.2 Functions of Game Sound

The auditory layer has various functi-
ons in video games. Since film sound has
been researched for a longer time, we
can draw from that in some aspects too,
although one must consider the media’s
differences. Ekman 2008 writes about
how sound is helping in making things
seem real by giving objects in pictures
physicality, how sound creates a sense of
immediacy by masking the medium (e.g.
continuous sounds over cuts) and how
it helps provoking sensory pleasure and
displeasure. She also talks about game
sound and how for example through
conformation of actions there is a new
tunction, that being supporting and faci-
litating gameplay.”

A huge difference between hearing and
seeing is that we cannot shut our ears
like our eyes, the human brain always lis-
tens. And not only that:

Our hearing is designed and “hard-
wired” to constantly scan and
analyze the soundscape surroun-
ding us and react rationally to the
sounds heard. Most of the time
this is done subconsciously and
our hearing can therefore be de-
scribed as, to a large degree, intui-
tive, emotional, or pre-cognitive.

The soundscape reaching our ears
demands interpretation and di-
sambiguation in other ways than
the visual stimuli reaching our
eyes. This need to interpret and
disambiguate can be turned into
a great asset in computer game
design. A game with a well-desig-
ned, rich, and varied soundscape
will play on the user’s intuition
and emotions: the game will be
immersive and give fun and rewar-
ding gaming experiences.®

This is probably one of the most import-
ant functions of sound. It can provide
information without us having to shift
our primary/visual focus. This is great
tfor complex tasks, be it while performing
surgery” or just trying to beat a hard vi-
deo game level.

In first-person shooters sound is es-
sential to localize enemies using two
or more sound channels. In this genre
sound can also indicate parameters, like
low ammunition in weapons,'® somet-
hing that is usually displayed in a cor-
ner of the screen, so without sounds you
would need to shift your focus for those
milliseconds that could get you killed by
an enemy.

7 Ekman 2008, p. 4
8 Liljedahl 2011, p. 40

9 Sonification, the practise of conveying information through sound, is already widely used in the medical

industry. An example can be found at Brazil/Fernstrom 2011, p. 518

10 Darth 2015, p. 27
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Music can have various functions in
games too, besides setting or reinforcing
a specific mood. A common example is
“providing a player with direct feedback
in regards to their current status”.'' In
many games music changes depending
on the situation, so sometimes if an ene-
my is near, the fight music starts even
before the player sees the enemy and
will thereby be warned about its presen-
ce through listening. Even if the player
character saw the enemy we now know
through the musical style or through
remembering the song that it is not a
friendly character who is approaching.
This is also applicable for voice over or
sound effects. If a wolf-like creature runs
towards the character in game, a happy
panting or a deep growl informs the
player on its presence as well as on the
intention of the animal.

For the topic of video games one can ge-
nerally draw from the research on inter-
action design. Serafin et al. 2011 lists
emotions for interaction design which
are helpful to be in mind when designing
or analysing sound effects:

e Valence results from the ap-
praisal of intrinsic pleasantness
(a feature of the stimulus) and
goal conduciveness (the positi-
ve evaluation of a stimulus that
helps reaching goals or
satisfying needs).

* Arousal results from the ap-
praisal of the stimulus’ novelty
and unexpectedness (when ac-
tion is needed unexpectedly).

* Dominance results from the
appraisal of the subject’s coping
potential.'?

11 Ng/Nesbitt 2013, p. 3
12 Serafin et al. 2011, p. 92
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Ng & Nesbitt 2013 categorize sound
effects as reactionary and preemptive
sounds. Preemptive sounds warn the
player, for example: “The sound of a
grenade landing on the ground would
indicate that it’s about to explode and the
player should retreat away from the blast
zone”. Reactionary sounds tell us what
happened, the sound of a bullet flying
next to our head tells us that the ene-
my shot and missed, while a flesh impact
indicates damage taken. Warning signals
like heartbeat sounds or the infamous be-
eping in The Legend of Zelda (1986, Nin-
tendo) games further tell the player that
his or her health is very low. Auditory
cues should be designed specifically for
each game because they may differ in the
pool of various genres.'”

In real-time strategy games (RTS), Ng &
Nesbitt define warning signals and noti-
fications a bit differently:

Notifications provide information
about events, which occur in the
environment but don’t necessarily
demand some response from the
player. An example of this is when
a worker has finished construction
of a building; the message ‘work
complete’ is played. The player is
notified that the worker is ready to
begin a new task. When a research
upgrade has finished, the player is

also notified that an upgrade for
a certain unit or building has fi-
nished. In both cases, the player
may choose to immediately assign
new tasks for the work or new up-
grades to enhance their armies.

However in certain situations, such
as when the player is attacking an
enemy base or defending their own
base from attacks, the player may
choose to not ignore [sic, choo-
se to ignore’] the notifications as
they tend to be low on their list of
priorities. Notifications are also
used to warn players if they per-
form an illegal move. For instance,
when a play [sic, player] attempts
to build on an unbuildable surface
(for example water), train a unit or
construct a building that the play-
er can’t afford, the player is noti-
fied by sound that the move is not
possible.

Warning signals provide informa-
tion about threats to the player
and usually demand an immediate
evaluation and response. An exam-
ple of this is when the enemy at-
tacks the player’s base or their for-
ces, the message ‘our base is under
attack’ is played, immediately let-
ting the player know that they are
under attack.'*

13 Ng/Nesbitt 2013, p. 4f
14 Ng/Nesbitt 2013, p. 6
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Jorgensen 2006 distinguishes five dif-
terent areas for game sound design: ac-
tion-oriented, atmospheric, orienting,
control-related and identifying functions.
She uses the adjective transdiegetic to
talk about many sounds in video games,
because they often are on one hand di-
egetic (part of the fictional world) but
are communicating at the same time with
the player.'?

* Action-oriented function:'®

These include the above-mentioned
status sounds/music, reactionary and
preemptive. These sounds trigger ac-
tions or are caused by actions. Jergensen
also talks about how some sounds seem
to make sense (clicking on a lumber mill
and hearing the sound of a saw) but are
actually very stylized and unnatural.
The objective is to quickly let the player
know what was clicked in a not too im-
mersion breaking way.

¢ Atmospheric function:'’

A variety of background sounds immer-
se us in the game world by influencing
the player’s mood as well as making the
game feel more realistic. Sounds do not
need discrete visual sources; they could
just be in a fixed audio track playing in
the background.

Also, they do not influence actions di-
rectly, although contrary to Jergensen
they can make the player act differently
in the authors opinion (in a horror atmo-
sphere one might act more cautious than
in a light-hearted cartoonish soundsca-

pe).

* Orienting function:'®

To better identify where objects are in
space, they need to have attached sound
sources, especially if they are or could
be oftscreen. In today’s standard stereo
sound this enables localization in the ho-
rizontal plane, but not in the vertical pla-
ne. This would be possible using head-
phones and imitation of the head-related
transfer function (HRTF) or by using
8D sound systems with speakers below
and above the player.

* Control-related function:'?

These give players more control over
the game, in the same manner as the
above-mentioned notifications and war-
nings in the RTS genre. But not only off-
screen sounds are control-related, they
are also used if there is too much visual
information onscreen to help us make
sense of what is happening, like giving
information in a tense fight about who is

still in the fight and who died.

15 Jorgensen 2006, p. 2
16 Jorgensen 2006, p. 2f
17 Jorgensen 2006, p. 3
18 Jorgensen 2006, p. 3
19 Jorgensen 2006, p. 4



* Identifying function:*’

In video games it is often imperative to
quickly identity objects. In shooters like
Counter-Strike: Global Offéensive weapons
sound different, which enables players to
evaluate what threat an enemy poses and
which could even help players gain an
advantage by setting up the engagement
environment. This is also emphasized by
making weaker weapons sound cheaper
or by giving units more character (dif-
terent voice-lines and sound effects like
tootsteps).

Identifying function sounds also tell the
player how to use the tools the game de-
velopers provide us with, as Brown 2017
explains on the example of the Warthog
vehicle in the Halo (2001, Bungie Stu-
dios) series:

[...] my favorite vehicle because
it’s small, it’s light, it revs out at a
little, you know, a slightly higher
pitch. It lets you know: “Oh, this is
more nimble, this is not heavy as
a tank. This is gonna let me go up
and on crags and on rocks.”

And it’s all things that, again, wit-
hout the player really thinking ab-
out it, it lets them know: these are
the rules of the world; these are
things that are at my disposal, that
help me understand the mechanics
of the game design itself [...].%"

By defining the above-mentioned func-
tions, Jorgensen explains the duality
of game sound design: the immersive
and emotional aspects of film sound are
complemented with usability functions.
A dedicated game sound designer should
strive to bring all of this into unity to
make the gameplay experience sound
and play as well as possible.

When sound in films breaks this
common separation between di-
egesis and extradiegesis, it is un-
derstood as a stylistic, artistic and
uncommon way of using sound,
but games utilize this functionally
to bind together usability and fic-

tional space.””

20 Jorgensen 2006, p. 4
21 Brown 2017, 4:45
22 Jorgensen 2006, p. 5
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1.5 Diegetic & Transdiegetic

In film sound theory the phrases diege-
tic, non-diegetic and extradiegetic are
often used to determine the border bet-
ween just trying to be realistic and de-
signing emotional sound. Film music is
(most of the time) clearly non-diegetic,
meaning there is not a source for it in
the fictional world, it is completely arti-
ficially added. Through the participatory
layer in video games this can get a bit
more complicated:

Symbolic sounds have diegetic re-
ferents, but the actual sound sig-
nals are non-diegetic. These kinds
of sounds are very common in
computer games. One example is
the use of music to accompany the
player’s actions in the game. The-
se sounds relate to events within
the game, while the signals remain
non-diegetic. [...]

Sometimes a sound signal is di-
egetic, but it signifies a non-di-
egetic event. In this kind of re-
lationship, the sound is used to
mask a non-diegetic message with
a diegetic signal, hence the name.
A common example of masking
sound is when a player triggers
a monster in the game and is no-
tified of this by, for example, a
growl or shout from the monster
in question. The sound is, essenti-
ally, played because the player has
entered a certain hot spot. In many
games, the reason for the sound is
not related to whether the mons-
ter actually can see the player, or
vice versa, so the signified event is
non-diegetic. However, the sound
is masking this technicality and
notifying the player of the event
with a diegetic, in-game growl.”®

23 Ekman 2005, p. 3
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As we see, the border between diegetic
and non-diegetic is blurry in game sound
design. But instead of just making things
complicated, this is valuable because as
shown in the chapter Functions of Game
Sound, this is what elevates good sound
to great game audio. One attempt to
structure these terms regarding video
games is the IEZA framework (Interfa-
ce-Effect-Zone-Aftect), which distingu-
ishes between four categories by using
the parameters activity and setting:

The Interface category expresses
the activity in the non-diegetic
part of the game environment. In
many games of today this is sound
that is synced with activity in the
HUD, either as a response to play-
er activity or as a response to game
activity.

The Effect category expresses the
activity in the diegetic part of the
game. Sound is often synced to
events in the game world, either
triggered by the player or by the
game itself. However, activity in
the diegetic part of the game can
also include sound streams, such
as the sound of a continuously
burning fire.

The Zone category expresses the
setting (for example the geogra-
phical or topological setting) of
the diegetic part of the game en-
vironment. In many games of to-
day, Zone is often designed in such
a way (using real time adaptation)
that it reflects the consequences
of game play on a game‘s world.

The Affect category expresses the
setting (for example the emotio-
nal, social and/or cultural setting)
of the non-diegetic part of the
game environment. Affect is often
designed in such a way (using real
time adaptation) that it reflects
the emotional status of the game
or that it anticipates upcoming
events in the game.”*

24 Huiberts/Van Tool 2008, p. 6
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This seems like a clean and relatively
simple framework for defining sound
and looking for what a designer should
implement in games, but it still cuts bet-
ween diegetic and non-diegetic. Blur-
ring this line is an essential tool in game
sound. As mentioned above, Jorgensen
coined the term transdiegetic and defi-
nes this in more detail:

These three are versions of what
I have defined as transdiegetic
sounds. The transdiegetic should
not be regarded as a clear-cut
space that always is easy to identify
in computer games, but rather as a
property or a function of many di-
egetic and especially extradiegetic
sounds found in computer games.
External transdiegetic sounds are
sounds that, strictly speaking,
must be labelled extradiegetic, but
seem to communicate to charac-
ters or address features internal to
the diegesis. Internal transdiegetic
sounds do the opposite: they have
diegetic sources, but do not seem
to address any other aspect of the
game world. Instead, these sounds
seem to communicate directly to
the player who is situated in real
world space. These sounds there-
fore seem to have some kind of
self-reflexivity, where they seem

to be conscious about their own
fictional existence.

Adaptive background music in
computer games is typically exter-
nal transdiegetic sounds. It has no
perceived source within the diege-
sis, but work to inform the player
about certain states which s/he
may react to on the basis of this

sound.?®

Four years later in 2011 she tries to dis-
tance game sound even more from the
diegetic/non-diegetic border by defining
new terms emphasizing on the informa-
tion value instead of the diegetic aspect.
These tive terms bridge the gap between
diegetic and non-diegetic, they are “a
continuum that integrates user interface
elements into the game-world to a lesser
or greater degree””’: metaphorical, over-
lay, integrated, emphasized and iconic
interface.

There is more to learn about diegetic,
transdiegetic and interface sounds, but
this is enough for the purpose of this
thesis. Even though, the author would
recommend all aspiring game sound de-
signers to read Jorgensen’'s and Ekman’s
research on their own.

25 Jorgensen 2007, p. 9
26 Jorgensen 2011, p. 92
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1.4 Research on Difhculty directly
through Game Sound

Voiceover (VO) & player-triggered
sounds have an influence on difficulty
perception too:

There is very little research about how
sound designers influence the difficulty
of video games. A 2016 study found that:

A game with intense music can
feel up to 40% more difficult com-
pared to the same game with more
relaxed music. [...] The amount
of mistakes made increases about
50% between the relaxed music
and intense music version.?”

So, music can have an influence on dif-
ficulty perception as well as difficulty
itself. But what about sound effects and
soundscapes? In another study the effect
of sound design in slot machines was re-
searched, to be specific how often people
think they won and how often they ac-
tually won. Spins where players would
only win a fraction of the bet money
were also counted as a loss, but celebra-
ted with light and sounds. On average,
players overestimated their wins 9%
more on slot machines with sounds on
(33 estimated wins at sound oft, 36 esti-
mated wins at sound on, 28 actual wins.”®

[...] such as friendly AI waring
[sic, warning] the player that a
grenade is being used somewhere
in the players [sic] proximity. [..]
loud weapons might influence the
perceived difficulty, possibly by
making it harder to hear the vari-
ous voice sounds coming from the
players [sic] allies and enemies
that are suggested to be more of
value to the player.”®

27 Wiechers 2016
28 Dixon et al., p. 916
29 Darth 2015, p. 27
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One practice to make games easier, that Luckily, the enemy will often an-
is also used in the visual domain, is fele- nounce what attack it’s going to
graphing attacks. In a similar fashion like do next, either through animation
the above-mentioned masking signal, [...] or through sound, like the-
enemies can tell the player that they are se walking flames [in Cuphead’s
going to attack and which attack they are Grim Matchstick stage] who yell
going to use if the player analysed previ- out before they jump at you. [...]
ous patterns of the enemy: This is called “telegraphing”, and
the duration of an enemy’s tele-
But one thing you’ll come to rea- graphing will affect the difficulty
lize is that these attacks are ulti- of the fight.*°
mately predictable. [...] And this
means that a big part of a boss As we see there is not a lot research de-
battle is just learning about the dicated to difficulty change itself, so this
boss, figuring and then memori- information must be found in other re-
zing its patterns. And these mini search fields.

self-taught epiphanies stack up to
the point where you can out-pre-
dict and outsmart the boss at every
turn, which feels pretty good, after
having taken quit the beating. [...]

30 Brown 2017
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1.5 Multimodality
1.5.1

Multimodality is the connection of two
or more senses to create one phenome-
non.”" For example, the clicking sounds
of the old iPod when turning the selec-
tion wheel enforce a haptic feedback. The
multimodality here is that the tactile and
auditory senses are connected to create a
nicer feeling and better usability.”

“The concept of synchresis — that mer-
ging of image and sound []‘“ 1S a
main focus for film sound designers, but
there are game specific aspects, too. One
reason for multimodality to be a topic
in this thesis is because it can influence
task performance. A 2015 study sho-
wed that “white noise led to a decrease
in performance while the sounds that
were related to the visual scene impro-
ved performance (when the sound was
not distracting) across all levels of vi-
sual realism [jﬂ The addition of
an ambience that suits the visual envi-
ronment could have an effect because of
better immersion and thereby focus on
the simulation instead of the real world
surrounding the user.

Combining auditory & visual Stimuli

The effectiveness of learning can also be
increased by multimodal cues, as shown
by testing motion-detection tasks. They
found that even when the test is repeated
without sound, a person that learned it
with sound is more likely to perform bet-
ter at the task:

Although it is perhaps to be expec-
ted that practice on an audio-visu-
al task should increase audio-vi-
sual interactions, it is intriguing
that audio-visual practice contri-
butes to enhanced performance on
unimodal trials.?®

An experiment on a rhythm task for in-
fants using multimodal cues also proved
that synchronous multimodal cues help
learning. In the same paper it was pro-
posed that:

[...] synchrony between audible
stimulation and visible stimula-
tion elicits greater attention and
processing than does their simple
co-occurrence. [...]

31 “Where media are concerned, multimodality is the use of several modes (media) to create a single
artefact.” https://en.wikipedia.org/wiki/Multimodality (last consulted March 13, 2019)

32 Serafin et al. 2011, p. 95f
33 Collins 2013, p. 26

34 Cowan et al. 2015, p. 1213
35 Seitz et al. 2006, p. 1425



Specifically, intersensory redun-
dancy recruits infant attention,
causing the redundant information
to become “foreground” and ot-
her information to become “back-
ground.” This fosters perceptual
differentiation, learning, and me-
mory for redundant, amodal pro-
perties before other stimulus pro-
perties. As a result, intersensory
redundancy ensures coordinated
perception of unitary events. Fur-
ther, when the same amodal pro-
perty is presented unimodally, it
will not recruit comparable levels
of attention and thus will not be
perceived, learned, or remembered
as well. Rather, unimodal stimula-
tion may at first foster more atten-
tion to properties that are modali-
ty specific, such as color and form
for the visual modality and pitch
and timbre for the auditory moda-
lity.*¢

Results from Kristal-Ern 2017 are con-
sistent with the study above. He also ties

this to games and difficulty:

[...] for example multimodal cues
could be used to decrease the dif-
ficulty for players that are stuck
on a level. To keep the pace of the
game narrative, the game designer
could choose to implement cues
as clues that makes the target or
goal in the game more salient so
that the players that become stuck
find it easier. Another area of
usage could be to remove amodal
information from events that are
distracting the players, indirectly
making the target more salient.

The multimodal cue in the study
was not directly tied to visual
search target as in the visual search
target did not convey any proper-
ties redundantly conveyed through
another modality. Despite this,
the multimodal cue seems to have
helped subjects in the synchro-
nous group. This is interpreted as
evidence for that multimodal cues
can be used to guide players, even
if the multimodal cue is not what
the players has been explicitly as-
ked to look for in a game task.”’

36 Bahrick/Lickliter 2000, p. 13f
87 Kristal-Ern 2017, p. 8 & 28
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In multimodality the information flow
for each sense can be called a display
(e.g. auditory display, visual display, etc.).
The terms to describe these displays in
depending on their relation to another
and their relation to game design can be
found in Ng/Nesbitt 2013:

Complementary displays attempt
to provide useful, but different,
information on each sensory chan-
nel. Compared to a single-sensory
display a complementary display
should allow the user to perform
better. If the user actually per-
forms worse with the multi-sen-
sory display then the display is
described as conflicting. This is
presumably due to some conflic-
ting information that the user
receives on the different sensory
channels. With redundant displays
the same information is displayed
to each sense. This may serve the
purpose of increasing the user’s
confidence or reducing the percei-
ved workload. Although users may
report a reduction in workload or
an increase in confidence with re-
dundant displays, the performance
of the user with the multi-sensory
display is the same as with sing-
le-sensory display.

All three types of display may be
relevant to the design of com-
puter games. For example, com-
plementary displays may improve
user performance and they could
also act as a reward for players
who reach higher levels. In most
domains, it would be abnormal
for the designer to provide the
user with a conflicting display,
but a conflicting display could be
useful if game designers wished
to increase the level of difficul-
ty for the player, or to punish the
game player, or perhaps make a
task more taxing by increasing the
player’s stress level.

On the other hand, redundant dis-
plays may give players greater con-
fidence in some situations and this
may act as a reward or assist the
player to learn skills required in

higher levels of the game.”®

We have seen that multimodality enfor-
ces learning and its effects are stronger
the more synchronous it is. Asynchro-
nous cues on the other hand can be very
confusing,” especially as a delay with
the modalities action and sound, which
bring us to our next topic.

38 Ng/Nesbitt 2013, p. 2
39 Collins 2013, p. 33
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1.5.2 Multimodality of Sound

As this thesis is about game sound de-
sign the subject of interaction is essen-
tial. The connection of sound and action
is called kinaesonic synchresis.”® When a
player pushes a button or a key in a game
to perform an action, sound helps to im-
merse the player in that action. As Col-
lins describes:

Even in cases where we do not
have kinaesonic congruence with
sound, however, we still receive
some of that sonic response to
our action. Although our physical
body did not kinaesonically create
that sound, the mimetic hypothe-
sis (and mirror neuronal research)
suggests that we may still feel
that it did through our own subse-
quent mental/corporeal imitation.
If we hear sound in terms of our
own embodied experience of that
sound, then when we hear those ac-
tion sounds in games, even though
we did not kinaesonically create
them, we hear them as if we did.
In other words, we have a direct,
embodied interaction with the
sounds that we evoke and hear in
games, and coupled with our phy-
sical and/or kinaesonic-congruent
action, these sounds (and thus the
game character) can become an
extension of the self. [...]

and Action

The embodied cognitive connec-
tion to sound is vital in our ex-
tension of our self, as an exten-
sion of our body-intechnology. In
this sense, it is not the controller
through which our body is exten-
ded, it is through the game cha-
racter. The character is the tool
through which we experience the
virtual world - through which we
bump into walls, get shot, dig ho-
les and talk to other characters.*'

The combination of interaction and
sound can also invoke a substitution for
other senses like touch/haptic, as seen
in the iPod example from above and in
the lockpicking game mechanic in Thief
3: Deadly Shadows (2004, lon Storm Aus-
tin).d‘s The kinaesonic synchresis works
best if we recognize the sounds, because
one can better immerse oneself if one
has generated the sounds before, which
is called kinaesthetic sympathy (Collins
2013, p. 60f). Also, the repetition of the
same sound is beneficial for fast learning
and identification, but it can feel unna-
tural and even annoying. Therefore, the-
re should be a pool of diftferent sounds,
alteration of parameters (for example
pitch) or even segmentation of sounds
with dependence of the characters speed
in step sounds.™*

40 Collins 2013, p. 32
41 Collins 2011, p. 4f
42 Serafin et al. 2011, p. 95f

48 “Through sound the player ,feels“ how the lock is behaving, if it resists or slowly succumbs” [trans-

lated by the author7: in Hug 2009, p.162f
44 (Collins 2013, p. 83f).
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So which multimodality is more import-
ant, sound and picture or sound and ac-
tion? Of course, it would be best to have
them all synchronous, but in games the
synchrony of sound and action is a bit
more important than sound and vision.*’
In a 2015 Game Developer’s Conference
Talk Jonaas Turner elaborates on this in
a hands-on way:

[11:30] Make the beginnings
shorter of your sounds. Think ab-
out the player pushing a button
[...] It’s instantanish for the but-
ton press [...] You want the player
to press a button and be like: “Hey,
I did that, I press the button and
I jump in the game, instead of I
press the button and that creature
jumps in the game.”

[16:00] If you have a small punch
sound, even if it’s like barely, you
can’t even hear it proper, it’s just
like a feeling like a small base
*pft* over there just like that and
you have that in front [of your ac-
tion sounds, could be the same at
all player’s action-sounds for con-
sistency and feel] [...] that small
thing makes it feel like I did so-
mething.

[18:30] What if I put ducking
on the weapons [to lower back-
ground noises when a weapon is
fired]? [...] The shooting beca-
me more prominent, it was more
clear, it feels more, there’s more
power. I'm doing something that
affects the world. [...] And what if
you would apply filtering to that
as well? [...] Right now it’s like
overly accented, but if you do that
slightly it will bring so much pow-
er and feelings for the actions. You
could apply that to anything, like
UI [User Interface, author’s note]

or jumping.*®

These are great examples of how to
adapt the whole theory to actual crafts-
manship of game sound design, which is
what will be examined in the next chap-
ter.

45 Collins 2013, p. 60
46 Turner 2015
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1.6 Execution of Game Sound Design

A general necessity for informative game
sound is that “the meaning should be
clear instantly (for example the distinc-
tion friendly vs. hostile and safe vs. dan-
gerous) or at least easily learnable”.*” In
the case of warning sounds Fricke 2009
turther elaborates that they should

[...] be quick, have a high sig-
nal-to-noise ratio, should not be
too loud to not be annoying, be cle-
ar and distinguishable from other
sounds, have a low false-alarm-ra-
te and allow adjustments in the de-
tection sensitivity.*®

She talks about this in the context of
warning and alarm sounds in automobi-
les, but it is as true in game sound design.

One might think: “Why not just use
speech as an information carrier?” This
is of course a valid option, but on one
hand speech samples are often not as
quick, elegant and diegetic as sound ef-
tects and on the other hand their repe-
tition gets subjectively more annoying.
Liljedahl notes:

A danger with speech is the risk of
wearing out often-repeated phra-
ses. It is therefore useful to give
the players the option to skip, for
example, instructions when they
are no longer needed. [...7] One of
the advantages with sound effects
and music is that they are not limi-
ted by language, but are more uni-
versal. This can of course be used
in many ways. [...] By carefully
selecting the metaphor aspect of
a game’s design, tremendous op-
portunities to create sound effects
for feedback and information can
be opened up. By placing the game
in an environment (metaphor) that
the players are likely to have some
kind of relation to, the designer
can choose sounds for feedback
and information that are natural
in that environment. Using na-
tural sounds that the players can
immediately relate to can greatly
enhance the gameplay aspect of
the same game as well as create
the sought-after sense of presence
and immersion.*’

47 Hug 2009, p. 164, translated by the author.
48 Fricke 2009, p. 53, translated by the author
49 Liljedahl 2011, p. 20
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Realism is an interesting topic in the exe-
cution of game sound design and sound
design in general. Sound does not need
to be realistic, but it must fit the fictional
world to be believable. Also, one must
balance between the informative part,
emotional alteration and authenticity.

The narrative realism of a sound
is thus not in faithful reproduction
of sound sources, nor of their en-
vironments. The apparent realism
of a sound in the context of nar-
rative is defined by how represen-
tative a sound is of a certain event.
Sounds that are highly representa-
tive have good narrative fit. High
narrative fit supports empathetic
emotion. [...]

In games, the task of many sounds
is primarily to provide feedback
about actions. Hence, narrative
fit is often sacrificed for utility.
To the extent that auditory cues
are used to guide actions, they are
treated with utmost respect for le-
gibility. For example, even in the
case of instructions with diege-
tic source (a non-player charac-
ter, voice mail, etc.) it is common
that auditory instructions remain
heard even if the character runs
away from their diegetic source.

An interesting avenue for sound
design in games is to shift focus
from music to the emotional im-
pacts of Foley and sound effects.
A possible alternative for emotio-
nality in games is in environmen-
tal sounds, which is already used
in many games, where ambient
sounds are beautifully merged with
musically suggestive elements and
event sounds into a sonic landsca-
pe in the spirit of musique concre-
te. However, for this approach to
be systematically explored, there
is need for better understanding
of how everyday sounds influence
emotions. In these investigations,
theories of unconscious emotion
may  prove especially informati-
ve.

50 Ekman 2008, p. 7
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In an essay Zack Quarles (audio director
and supervising sound designer) talks
about how they made their game Killer
Instinct (2013, Microsoft Studios) more
accessible to the visually impaired. This
is accomplished through the above-men-
tioned identifiable (or even iconic) audio
content, dynamic music and dynamic mi-
xing (referring to Wwis¢s HDR audio
system). He states:

Ambient loops and sweetener lay-
ers that didn’t provide strong play-
er feedback were backed off a bit.
This still allowed for a very laye-
red soundscape for the game but
we really wanted to focus on the
individual characters to make sure
that the player could tell where
they were and what they were do-
ing at any given time. [...]

We split the screen into three ma-
jor sections during gameplay: Left,
Center, and Right. When a player
passes through one of these secti-
ons we do an aggressive hard pan
on their location to make sure that
the player can track where they
are in the battle arena at any given
time from audio alone.

This might seem drastic when you
first start playing the game, but

once you sit down and hear it in
action, it starts to feel natural.
Particularly over headphones. Li-
kewise, when we are in the cha-
racter selection screen, we hard
pan Player 1 Ul sounds in the left
channel and hard pan Player 2 Ul
sounds in the right. It gives a very
clean and distinct method of let-
ting the player know who is selec-
ting what.

Clean Up Your Audio Mix — It’s al-
ways tempting to make sure that
everything is a delicious treat for
the ears, but sometimes having
too many elements working at the
same time can cause confusion and
will muddy up the waters. What’s
the most important information
that you need the player to hear?
Find the core pillar of your game
and mix around that. Don’t try to

compete with it.”!

These insights are especially interesting
because on one hand they are from an
actual game and not just theory and on
the other hand thy validate some of the
above-mentioned theory.

51 Quarlse 2019
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1.¥ Ideas for Game Sound Design

We have looked at many ideas that are Giving players auditory foreknowledge
implemented in many games, some may- as the mentioned telegraphing could also

be unconsciously. But in the thesis re-
search some unique ones came up too.
One example that has been talked about
quite a bit in the game audio community
is Overwatch (2016, Blizzard Entertain-
ment). Using the above mentioned HDR
audio system the sound eftects priority
tor dynamic mixing is calculated through
a:

Threat Level. In Overwatch each
enemy’s volume is based on how
much threat they pose to you at
any given moment. This means
that the footsteps of the guy ai-
ming a shotgun at the back of
your head are louder than the gun-
fire pointed in another direction.’?

be used in time-based puzzle games:

[About Tetris] but how would the
gameplay change if each unique
puzzle piece had a unique sound
cue, making the next puzzle piece
identifiable without visual atten-
tion? The game would likely be
less challenging as players would
be able to combine sensory inputs
to complete the task, something
which comes very naturally to hu-
mans. In other words, we probably
won’t have to look at which pieces
that comes next after a while as
this information is already being
acquired through our hearing. As
Tetris is designed to be a challen-
ging game the reduced effort for

the user might not be desired.*®

52 McGee 2017
53 Kristal-Ern 2017, p. 4f
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The results from the test have
shown that, when given the choice
between consonant and dissonant
intervals, a majority of the parti-
cipants chose to move towards the
consonant interval, with one room

Most of this thesis is more focused on
sound effects than music, but there are
very interesting ideas in the field of
game music. Adaptive soundtracks have
been talked about in the context of ene-
mies approaching, but there are other

implementations as well:

A more recent example is Portal 2.
Not only does it apply nifty effects
to the music when you jump on
the blue gel and run on the oran-
ge gel, but in some test chambers
the different puzzle bits sing out
as you activate them. Watch how
redirecting these lasers produces a
new soundtrack. It’s not just a nice
auditory gimmick but it tells you
that you're on the right path, and
if you mess up your current pro-
gress you’ll know because you hear
it.

being an exception. [...]

The individual intervals which in-
dicated to be the most effective in
guiding players were the fourth,
fifth, octave, and minor second.
Apart from the minor second,
which is dissonant, the effective
intervals were consonant. [...]

Utilizing musical consonance and
dissonance in sound design is just
a small part of the many aspects
that could potentially be of use
when trying to guide a player with
sound. Aspects of sound such as,
for example, volume intensity, fre-

In this example music gives feedback on
puzzle progression. On a related topic
one study indicates that musical inter-
vals could be used to guide players:

quency range, directionality and
spatialization could also be of use
when designing sound for aiding
the player in a game environment.
sual presentation and all activity
occurring in the environment.*?

54 Brown 2014
55 Ostlund 2015, p. 26 & 28
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Another psychological way of guiding
players is to shift their general focus

through music and mood:

Music can have a profound effect
on the mood of the listener, and a
change in mood can affect not only
what is visually noticed, but also
how much visual detail can be per-
ceived. At the Affect and Cogniti-
on Laboratory at the University of
Toronto, researchers conducted
an experiment to determine how
mood influences visual perception
(Schmitz, De Rosa, and Anderson
2009). [...]

The researchers concluded that a
positive mood increases a person’s
field of view, allowing them a wi-
der range of vision than those ex-
periencing a negative mood, whose
field of view would be comparably
narrower.

The results of this study have
complex implications for the use
of music within the video game
framework.

[...] sad music could have the pow-
er to help direct the player’s atten-
tion to singular event or objects to
exclusion of all else that may be
happening onscreen. Conversely,
happy music may have the pow-
er to expand the player’s field of
vision to encompass more of the
full picture, allowing for a greater
awareness of the entire visual pre-
sentation and all activity occur-
ring in the environment.’

56 Phillips 2014, p. 46
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1.8 Audio Implementation

The nonlinearity of video games de-
mands for a system that plays the sounds
when needed. So, for sound design of
games, a middle step between sound
creation and audio directing/mastering
is necessary:

Audio implementation, or integ-
ration is the process of integra-
ting audio assets and/or systems
into the game engine, establishing
sonic behaviours, audio mixing,
and revising the content according
to the emergent demands.’”

Dwight Okahara (Audio Lead at Insom-
niac Games) notes that 60% of the game
audio work is implementation.’® The au-
dio implementation process consists of
many steps. One big example is the ran-
domization of sounds. If the audio clip
of a shot always was the same, it could
get annoying very fast. Therefore, one
could pick a random clip from a pool of
clips (plus making sure that it is not the
same clip as last time), maybe even ran-
dom different layers that make up one
sound and/or change the pitch of it.

In game music it is possible to make
the soundtrack nearly never loop itself
through randomization of the parts that
can be played and, like written before,
adapt seamlessly to new game states (for
example from exploration to fight mu-
sic). Other examples of audio implemen-
tation include:

Middleware lets designers link
sounds to game objects, inclu-
ding animations, scripted events
and areas. It also includes features
such as parameter controlled DSP
effects, dedicated prototyping en-
vironments,, sound prioritization
and real-time parameter controls.
Real time mixing consists of
techniques like mixer snapshots
(group of parameter values that
can be applied instantaneaously
in a single command), which take
advantage of the tool’s own bus

hierarchy.*®

57 Uzer 2016, p. 15
58 Waves 2017
59 Pires et al. 2014, p. 8
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Many game engines have their own au-
dio integration. Unity, the game engine
that was used for the workpiece of this
thesis, also has some implementation
tools, even though many things like the
randomization of clips must be coded.
Another possibility is using audio midd-
leware that has many game audio utili-
ties ready for sound designers:

Its last instalment, FMOD Stu-
dio, is an authoring tool and run-
time audio engine that allows au-
dio content creation for games,
with an interface that resembles
more a professional Digital Audio
Workstation than existing game
audio tools. Similarly, Wwise’s
approach tries to ease the work of
both sound designers and audio
programmers by redefining the
production workflow for audio an
improving pipeline efficiency.®’

To summarize, the game sound cycle at
Insomniac Games looks like this:

To create a sound effect, we’ll
start with the source sounds we
want to work with — they can
come from personal SFX libra-
ries, commercial SFX libraries, or
field recordings — and we’ll design
the sound using multiple plugins.
Once we've created a sound effect,
we’ll bounce that element out as a
.WAYV file and implement that into
our sound engine. We use Wwise
in our games, and once a sound is
implemented, the real-timeness
of the game takes over. When that
sound is played back in the game,
it hits any appropriate reverb, EQ
or occlusion/obstruction filters
that we have created, so that the
sound plays back as expected in
the environment whenever the

player is triggering it.®’

60 Pires et al. 2014, p. 3
61 Waves 2017
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1.9 Research Summary

Through the research on this topic se-
veral guidelines and ideas for the game
sound design and the actual game design
were collected for the workpiece of this
thesis. Parallel (and unconscious) lis-
tening is a key factor for informational
sounds. Panning works for enemy locali-
zation (offscreen and onscreen).

Sounds should be instantly recognizable
(meaning and explicit sound) but should
have alteration of audio parameters to
not sound too artificial or get annoying.
Reactionary and pre-emptive sounds as
well as notifications and warning signal
help to inform the player while not being
too artificial when implemented as mas-
king signals.

Game states (e.g. health or danger) can
be made clear by sounds or music.

35

Adaptive music can also accompany ac-
tions or help with puzzles. An ambience
that supports the setting can boost per-
formance, but it should not blur the inta-
ke of informative sound. To ensure this,
dynamic mixing can be implemented,
maybe even in a more complex form like
threat level mixing.

Redundant displays and multimodal syn-
chronous cues make games easier while
unimodal cues, conflicting displays and
asynchronicity make them harder. The
synchronicity of action and sound is
more important than the synchronicity
of picture and sound. To strengthen the
teeling of influence action sounds should
start fast, could have a short impact at
the beginning and duck background noi-
ses.



1.18 History of Arcade Shoot "em Ups

The game designed for this master the-
sis has its roots in classic arcade shooter
games like Galaga (1981, Namco). Video
games and more directly arcade games
developed from “the amusement indus-
try with pinball machines and board
games on the one hand, and the rapid
development of computer technology on
the other.“%?

The earliest real video games are Tennis
Jor Two (1958, William Higinbotham)
and Spacewar! (1962, developed at the
Massachusetts Institute of Technolo-
gy). They both had no sound yet.63 The
first commercial hit video game did have
sound, the beeps from Pong (1972, Ata-
ri). Atari’s co-founder Nolan Bushnell
“can be considered the founding father
of the arcade video game”.64

The role of a forefather of the shoot ‘em
up genre can be credited to Tank (1974,
Atari), with many games of that genre
to be produced in the years to come.®
Just four years later the next big hit after
Pong appeared and showed that not only
Americans could make video games:

On June 5, 1978, Taito, a Japanese
company established by Belorussi-
an immigrant Michael Kogan, re-
leased Space Invaders. [...]

Already in 1981, the game had
swallowed more than four billion
coins, an average of one game per
inhabitant of the earth. The suc-
cess of Space Invaders can, for a
large part be explained by the na-
ture of the game itself. [...]

Referring to the body of science
fiction ideas that existed, a simple
story was told of a swarm of ali-
ens that came to conquer the earth
and it was up to the player to stop
them from getting a stronghold on
this planet. [...]

There was no upper limit to the
number of points that a player
could score, and as a result players
could keep on playing indefinite-
ly, always finding a new challenge
in having to do better than the
time before. Third, Space Invaders
used sound in a functional way: the
rhythmical bass-based soundtrack,
which sped up with the rhythm of
the game, was an intebgral part of
the game experience.’

62 Raessens/Goldstein 2005, p. 23
63 Collins 2008, p. 8

64 Raessens/Goldstein 2005, p. 25
65 Raessens/Goldstein 2005, p. 27
66 Raessens/Goldstein 2005, p. 28f
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In terms of nondiegetic sound
Space Invaders (Midway, 1978) set
an important precedent for con-
tinuous music, with a descending
four-tone loop of marching alien
feet that sped up as the game pro-
gressed. Arguably, Space Invaders
and Asteroids (Atari, 1979, with a
two-note “melody”) represent the
first examples of continuous mu-
sic in games, depending on how
one defines music.*’

The controls for commercial hits were
relatively simple in the beginning be-
cause people needed to get used to the
whole concept of games. As time passed,
players were ready for physics-related
controls as seen in Asteroids (1979, Cine-
matronics)®® and more complex enemy

design:

Galaxian [Namco, 19797 was more
difficult than Space Invaders. Rat-
her than marching in straight lines
across the screen, the alien ships in
Galaxian swooped down in chan-
ging formations. Though its pro-
fits were only a fraction of the mo-
ney brought in by Space Invaders,
Galaxian was one of the most suc-
cessful games of its time.”®’

Opening new design  possibilities
through a new mindset on the shooting
genre was brought by the game Defender
(1981, Williams).

In contrast with Space Invaders
and its many relatives, the action
did not take place vertically, but
horizontally. [...] Where Aste-
roids already suggested that off-
screen action was possible (by
having the spaceship disappear
and reappear on opposite ends
of the screen), Defender was the
first game to actually use it. [...]
games moved away from the prin-
ciple of “the faster you move and
shoot, the more points you score.”
Strategic thinking became more
and more important.”®

There are not many classic shoot ‘em up
games anymore, but there are still new
entries that built on their success. To
name just a few derivatives there is the
“roguelike” shoot ‘em up Enter the Gun-
geon (2016, Dodge Roll), the “bullet hell”
music game Soundodger+ (2013, Stu-
dio Bean) and the 1930s cartoon-inspi-
red shoot ‘em up Cuphead (2017, Studio
MDHR).

67 Collins 2008, p. 12

68 Kent 2001, p. 182

69 Kent 2001, p. 187

70 Raessens/Goldstein 2005, p. 31
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C. Game Presentation

Space Hangar M
I Ultimate Protocol l

Fig. 1: Game Cover Graphic
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.1 SHHUFP

For this thesis the game “Space Hangar
M: Ultimate Protocol” was created. The
name is a reference to the abbreviation
of the genre (shoot ‘em up). It was de-
veloped in Unity because of its wide usa-
ge among independent developers and
its free availability for non-profit video
games. An audio middleware was not
used because the game is not that com-
plex and a more in-depth look into audio
programming is beneficial for the thesis
question.

To best demonstrate the possibilities to
change difficulty through sound design
the genre of classic 2D space shooters
was chosen. The setting allows for di-
egetic HUD sounds and the genre lets
the game designer easily throw in a va-
riety of game mechanics that can be en-
hanced through sound effects.

The base layer for programming and
game design was a YouTube tutorial,”!
but new and different mechanics as well
as enemies were added. The pixel gra-
phics were made by Christina Cossee
(except for the crosshair) and audio sam-
ples and music from the internet were
used,”? everything else was made by the
author.

As in most science fiction (sci-fl) enter-
tainment products the physics in this
game are not bound to realism, most
importantly, the player can hear sounds
outside of the spaceship, although it
would normally be quiet due to the va-
cuum.

71 PUREHEART: Creating a Classic 2D Shoot ‘Em Up https://www.youtube.com/watch?v=lwXwtvDB
qbo&list=PLsgaKssSvST5hgN_71aQnyDxMY38wAIPLz (last consulted August 25, 2019)

72 See Sound Attributions
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C.C Game Mechanics
c.c.1

uI

Ul elements are kept very simple with
just using text and a few buttons in both
menus. Buttons have three different
background opacities, low when just the-
re, middle when the player hovers over it
and highlighted when pressed. The cur-
sor, which is used for menu inputs as well
as the shooting in-game, is replaced with
a pixel-style crosshair:

Fig. 2: Pixel Crosshair
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a) Main Menu

The main menu greets the player with
the games title, creator and the in-game
space background. In this game sound
has an important role in aiding the play-
er. If the player chooses to play this
game on bad laptop speakers, the audio
quality will be insufficient and infor-
mation about the horizontal position
of enemies would mostly be lost. This
would be a constraint, like playing with
a mousepad instead of a normal mouse.
For this reason, even before the controls
the player is advised to use headphones
and a mouse for best performance. Con-
trols are explained through simple text.
The player has the option to start or quit
the game. When pressing “Sound Cre-
dits” the attributions of used sounds will
appear (the same as in Sound Credits).



Space Hang.ar 'M":
Ultimate Protocol

a game by Wolfgang Beucher
pixel graphics by Christina Cossee

For best performance use of a mouse and
headphones are re-cnmmen*d

Moue: WASD
ﬂ;m;ng: Mouse '
Shoot: Left Mouse Button
* Aeload: R
Shield: Shift

« Pause Menu: Esc

Enter Coin
Sound Credits

Duit

Fig. 38: Main Menu Screenshot

Ammo: 208

Easrth is under attack!
Strike back and defeat_

the three alien ove

¥

Fig. 4: In-Game Screenshot
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b) In-Game

The in-game Ul features the score, the
player's lives and ammunition. It is just
shown with text since the focus lies on
sound design. The current health is in-
tentionally not shown to leave this to
sound design. When starting the game,
the player gets a short incoming trans-
mission ordering him or her to defeat the
aliens that are attacking earth. The text
appears in a typewriter-style with the
time between characters appearing being
randomized.

42

c) Pause Menu

In the menu the paused gameplay scene
and its Ul is still shown, but a few things
are added. It shows the “Pause” title, ex-
plains the controls again and displays the
current high-score. There are also three
buttons for resuming, restarting and
quitting the game.

d) Game Over

The game over screen reads “Game Over”
or “You Won!”, depending on if the play-
er lost all lives or finished the game. It
also shows the score and high-score. If
a new highscore is reached, the number
will blink. The player can start a new
game or quit the application through
two buttons.



SE0RE: @ Pause Ammo: 20
LIVES: 3

Move: WASD
Aiming: House
Shoot: Left Mouse Button
Reload: R
Shield: Shift
Pause Menu: Esec

* HIGHSCORE:
a

Restart

y -

Fig. 5: Pause Menu Screenshot

Game Over

SCOUORES
858

HIGHSCORE:
8A58A

Enter Coin

Ouit ¥

Fig. 6: Game Over Screenshot
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c.C.2 Player Controls

The orientation of the ship is controlled
with the mouse so the player can make
precise adjustments when aiming at ene-
mies. Movement is possible on the visible
screen in 2D from a bird’s eye perspec-
tive. Using background effects in form
of two particle systems, it looks as if
the player is travelling upwards through
space even if the ship is not moving. The
use of acceleration and drag when mano-
euvring is supposed to make movement
teel more realistic and be more challen-
ging. The ships movement is controlled
by classic WASD keyboard controls.

The player shoots by clicking the left
mouse button. Holding it down results
in continuous shots with short delays in
between, but faster shooting is possible
through repeatedly pressing the mouse
button. The player has only twenty shots
at a time which are reloaded through
clicking the R key. This takes a short
amount of time and shooting is not pos-
sible while reloading, but the more am-
munition the player has left the shorter
the reload time. With the shift key the
player can create a shield around the
ship, which negates damage from normal
shots, but neither shooting nor reloading
is allowed in this state and ammunition
is consumed through using it.

Fig. 7: Player normal (left) and shielded (right)



c.Cc.5 Enemies

There are five enemy types in the game.
The “Kamikaze” ship just goes straight
down and does damage to the player if
hit but also gets destroyed. There are
two enemies that are slower than the Ka-
mikaze ship but shoot straight down or

up.

While the “Down” enemy is not that big
of a threat, the “Up” ship should be fo-
cused because it will keep shooting for
a short time even offscreen, which ma-
kes it seem silly at first but is revealed
as dangerous if not dealt with. Up and
down enemies have the same appearance,
which means the player can only distin-
guish them by sound or by their shoo-
ting direction.

Fig. 8: Enemies: Kamikaze (left) and Up/Down (right)
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The most difficult small enemy is the
“Charger”. This enemy will stop moving
downwards when arriving at a randomi-
zed set altitude and instead starts sliding
left and right. If it stops moving it will
shoot in the direction of the player, who
must either dodge the shot through fast
movement or by using the shield. This
enemy is only vulnerable when charging
up its shoot, which means the player
must time actions between shooting and

dodging/shielding.

Fig. 9: Charger Enemy
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The last enemy is the “Boss”, a giant ship
with three phases. In the first phase it
volleys three times three aimed and an-
gled shots from its left and right turret.
The player must shoot at the cannons to
destroy them. When one is destroyed,
the other one’s bullets will be faster. If
both are destroyed the ship will chan-
nel a giant laser from its tip at a delayed
player position. Before doing this, it will
show a short aiming phase and, like the
previously shown Charger enemy, the
turret is only vulnerable while charging
and shooting.






0°°

c.c.qd Difhculty Curve

The enemy types are introduced in an
order from easy to hard and the Boss is
alone at its first appearance. After the
player beats the Boss the spawn rate for
enemies gets faster and easier enemies
are gradually not spawning anymore,
leaving the player with more and harder
enemies. When the Boss appears the se-
cond time it is accompanied by Kamikaze
enemies, its turrets have doubled health
and the position delay of the giant laser
is lowered.

On meeting it for the third time the
player also has to deal with “Chargers”,
turret health is tripled and the position
delay is nearly gone. Since the Charger
enemy stays on-screen until it is beaten,
its current instances are limited, but ri-
sing in numbers with the difficulty cur-
ve. The game ends after this third time
beating the Boss.

Fig. 11: Shots from top to bottom: Boss Triplet, Up/Down Shot, Player/Charger Shot, Boss Laser
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c.c.D Health

The player starts with three lives and
three health points. A normal shot does
one damage which can be negated by
using the shield. Crashing into an ene-
my as well as the Boss laser conflict two
points of damage which can be reduced
to one by using the shield. After being
hit the player has a short time of invin-
cibility. When killing an enemy there is a
chance of a health item appearing, with
the probability depending on the diffi-
culty of the enemy. The Boss enemy will
always drop the item. It will be accele-
rated downwards, so the player must act
quickly to touch it. If it is collected the
reward is an extra health point as well as
an extra life. I the player has lives left
when dying, he or she will be respawned
at the same point of the difficulty curve.
If the player runs out of lives he or she
must start from the beginning.

Fig. 12: Health Item
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If an enemy or the player ship is da-
maged it will blink using (most of the
time) inverted colours to show that the
shot landed. If the player shield is active
the shield’s opacity will be changed from
100 to 255, like it is completely guarding
the ship. It an enemy has an active shield
the player does not see it, it just blinks
up when damage is negated.

Fig. 13: Player Ship blinking for received Damage



3. Sound Design & Implementation

3.1 Style

Classic arcade game sound design was
restricted by what hardware was avai-
lable and affordable at the time. Some
iconic sounds like in Pong were just kept
simple out of lack of electronic parts
and sound design knowledge.” It is pos-
sible that technical or aesthetic boundar-
les evoke great design. Nevertheless, the
sound design for this game is a modern
approach, like consumers today are used
to in other science fiction works. This
was chosen so the sound is informative as
well as recognizable and enjoyable, while
not being just beeps for the average user.

The player is supposed to feel like the
underdog, which is enforced by the play-
er ship’s sounds, which are most of the
time purposely made more low-fi’* than
enemy sounds. The practise of Used Fu-
ture from Star Wars is also used, whe-
re on one hand it sounds like futuristic
technology, but also a bit rickety. Ene-
mies on the other hand should sound
more advanced and cleaner.

73 Kent 2001, p. 42

74 Low fidelity, in this thesis most of the time accomplished by applying a bit-crusher.
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3.2 General Procedure

a) Sound Design

A list for needed game sounds was made
and for each of them ideas for audio
layers were collected. For example, the
lasers could be composed of Ben Burtt
(sound designer for Star Wars) style
wire recordings, thunderclaps, explosi-
ons, electronic engines, synthesizers and
pulling tape from different surfaces. Sam-
ples for the sound design were acquired
from the author’s personal sound libra-
ry, recording new samples with a Zoom
H5 and freesound.org.” Since the Sci-
Fi sound creation would include heavy
use of editing and plugins the original
sound quality form the H5 and freesound
is not as important as in creating natura-
listic soundscapes or Foley. Sound effects
were designed with Steinberg's Cubase 8
and always with necessities for audio im-
plementation in mind, for example the
timing of different layers of one sound
effect and fading between looping/conti-
nuous sounds.

b) Implementation

For randomization most of the sounds
were picked randomly from a sound pool,
while picking the one last played was
restricted. Also, the pitch changes most
of the time for the sound effects.
Randomization, layering and continuous
sounds means dealing with many audio
sources when just using Unity. The Boss
even needs 14 because of different po-
sitions of guns, while player and Char-
ger each have seven audio sources. Sin-
ce multiple enemies of one type can be
active on screen a general enemy audio
manager was needed that distributes the
sound to the enemies. This also deals
with saving the last used Boss sounds
when the Boss game object gets reset
due to the player dying.

public void ChargerShoot(AudioSource audioSource)

{

audioSource.pitch = Random.Range(.9f, 1.1f);

audioSource.PlayOneShot(chargerShooting[nowChargerShoot]);

lastChargerShoot = nowChargerShoot;

int i = 9;

while (nowChargerShoot == lastChargerShoot)
{

nowChargerShoot = Mathf.FloorToInt(Random.Range(®, chargerShooting.Length - .01f));

i++;
if (i > 1ee8) { break; }

Fig. 14 Example for Randomization: Charger Shots Screenshot (InvokeRepeating)

75 See Sound Attributions
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3.3 Shields

For the soundscape of the player using
the shield a low-pass effect in Unily is
applied on everything except the play-
er ship sounds. Also, a shield ambience
is played, mixed out of four different
sounds: an Alesis airSynth (performed
by the author), heavy reverbed recording
of jamming on a soundbox, a hover en-
gine (just the frequencies around 1 kHz)
and a fan room sound (Lo-Cut at 8 kHz).
The group signal of those four was alte-
red by applying a chorus (more techy), a
signal crusher (lo-fi player sounds) and
a vintage compressor to glue everything
together. The sound lasts 40 seconds,
long enough so the player can not get to
the end of the audiofile in-game because
ammunition would run out first.

Since the duration of the shield depends
on the players actions the ending of
the sound has to be controlled by Unity.
Apart from simply fading out and adding
another airSynth snippet, there is also
a low-pass and high-pass filter applied
which both quickly sweep down from 2
kHz to 20 Hz for a ,turning oft” audio ef-
fect, which is also added in reverse when
turning the shield on.

75 See Sound Attributions
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if (shieldLPnow != shieldLPTarget)

{

}

if (shieldLPnow * shieldLPSpeed < shieldLPTarget)

{
shieldLPnow *= shieldLPSpeed;
}
else
{
if (shieldLPnow / shieldlLPSpeed > shieldLPTarget)
{
shieldlLPnow /= shieldlLPSpeed;
}
else
{
shieldlLPnow = shieldLPTarget;
}
}

masterMixer.SetFloat("UILPFC", shieldLPnow);
masterMixer.,SetFloat("EnemyLPFC", shieldLPnow);

playerMovel.pitch = playerScript.activeSpeed * 18/3 + .5f;

playerMove2.pitch

playerMovel.pitch;

Fig. 15: Applying Low-Pass to out of Ship Sounds Screenshot (FixedUpdate)

if(cutoffShieldChange != @)

{

cutOffShield = cutOffShield * (1 + cutOffShieldChange/4);
highPassShield.cutoffFrequency = cutOffShield;
lowPassShield.cutoffFrequency = cutOffShield;

audioShield.volume = Mathf.Pow(cutOffShield / highestCutOffShield, 2)*.5f;
if (cutOffShield > highestCutOffShield && cutOffShieldChange > © )

{

cutOffShieldChange
audioShield.volume

o;
.5F;

}
if(cutOffShield < lowestCutOffShield && cutOffShieldChange < @)

{
cutOffShieldChange
audioShield.volume
audioShield.Stop();

9;
0;

Fig. 16: Turning the Shield on/off Effect Screenshot (FixedUpdate)
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The sounds of being hit while having
the shield active were composed of two
different airSynth sounds in three varia-
tions. There are three ships that can be
shielded (Player, Charger, Boss), which
is why the samples are altered through
three different insert chains, which lea-
ves nine sounds in total.

54

The Player‘s sound is compressed and
bit-crushed (lo-fi player), the Charger
is loudmaxed and detuned, so the player
notices, that enemies can be shielded too,
and the Boss is reverbed and compres-
sed, with much more reverb than direct
signal to make the attack feel insignifi-
cant.
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dblue_Crusher
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465613 __nox-sound...01
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shield off extra

shieldhit

shielded hit

shielded hit

Fig. 17: Cubase Screenshot of Shield Sounds

55



3.9 Shots

a) Boss Laser

In order to get the impact difference of
distinct shot types right, the weapons
with the highest impact were designed
first. Ditferent shot types should on one
hand sound unique, but on the other hand
some layers were used in different shots
for consistency in the diegetic universe.

This sound consists of 3 phases: two se-
conds of loading, three seconds of shoo-
ting and three seconds of reverb. A coil
recording of a hair dryer with an Octa-
ver VST loads in a low frequency band
and shoots in a high frequency one. A
different airSynth than above plays with
a rising pitch as loading, an added burst
at the shot start and transient shaping
during shooting. A recording of a Zu-
beTube adds a classic laser sound charm
to the mix, while a coil recording of a
toothbrush is so heavily altered to sound
something like raw energy bubbling.
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A low and very noise-like rocket thrust
effect adds energy that reminds one
more of a burner. For more impact a low
frequency bomb sound was added at the
shot start and another one in combina-
tion with thunder rumbling at the end
for the reverb.

The ship UI also warns the player of the
laser in form of beeps rising in pitch and
rate while charging and then staying the
same while shooting. For added eftect
there are also some flickering glitches as
it the player’s diegetic Ul is nearly fai-
ling because of the enormous power that
is channelled through the laser.
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Fig. 19: Cubase Screenshot of Boss Triplet Shot Sounds
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b) Boss Triplets

The base for this sound is a recording
of an electric toothbrush with a coil mi-
crophone similar to the one of the big
laser, but this time as short bursts with
the deep basses cut. The triple shot pro-
minently features a grenade launcher
sound which was time-stretched to fit
the 300ms delay between shots and high-
cut at 4.5 kHz. Another layer consists of
snippets from rubbing metal impacts
with an octaver and extra distortion. The
plucking of piano string was also distor-
ted, time-stretched and reverbed. A tre-
molo railgun sound effect and an edited
laser sound combine the triple shot into
one sound cue. The sound group final-
ly was distorted, reverbed, compressed
and slightly filtered for details. There
are four variations, two for the first Boss
phase and two heavier ones for the se-
cond phase.
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©)

The loading and shooting sounds are
separated for more variance. Basis for
loading are weird pulses with always
four of them being cut together, heavi-
ly filtered, chopped and overdriven. The
overdrive effect starts muftled and gets
clearer over time as the shot energy is
collected. A metalized spaceship whoosh
conveys bubbling energy in the high fre-
quency range. A diddley bow sound re-
sampled, reversed, three VST's were used
(see figure 20 highlighted track) and a
filter was applied to provide strong low
frequency energy. The whole sound was
compressed and reverbed.

The Charger shot also contains two wire
sounds: tapping a wire for background
energy plus reverb as well as hitting it
to sound like a shot (plus octaving and
pitch-shifting). The more realistic soun-
ding layers use the explosion at the start
of a modern space shuttle sound ef-
fect and an explosion sound effect that
sounds like a big cannon. Reverb was ap-
plied to finish the sound.

Charger



Charger Shoot

EEEEEE

ChargerShot

mda RePsycho!
Wiretapping Att
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Big Cannon

load

Loading Att

loading exxageration

Fig. 20: Cubase Screenshot of Charger Loading and Shot Sounds
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lnsert-gffeice |

Octaver

d) Up/Down

The sounds of these common enemies
were kept quite simple. A pitch-shifted
firework explosion is the “realistic” base
layer, an octaved and pitch-shifted Zube-
Tube laser sound makes it feel more sci-
fi and the bending of thick wires provide
a deep reverb. Everything is compressed,
limited and reverbed.

|xplayer,positi0n - xenemy,position

To help the player distinguish which
shots are dangerous the volume of shot
sounds is calculated by how far the ene-
my is away from the player on the x-axis
(restricted between the values 0.25 and
0.5).

1.5

volume =1 —

up/down
up/down

Reverb

MadShifta

Widthwindow

Fig. 21: Cubase Screenshot of Up/Down Shot Sounds
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e)

The player shot sound is one of the most
important sounds. Since the fire rate is
high the sound designer must make sure
that it does not get annoying by being
too extraordinary while also being inte-
resting and identifiable for the player.

Player Fire

A gunshot and a short noise sound from
a missile launch sound effect on one hand
lay out a realistic base layer and on the
other hand start very quickly, which
makes the player feel more like he or
she created the sound through pressing
the left mouse button. The mechanical
spring sound and the metal wire grinder
are related to the sci-fi wire sounds but
are very primitive sounding, like inten-
ded for the Used Future aesthetic. For
an organic touch two different birds are
used as sound sources. One is a modular
synthesized bird sound. The other one
comes from a lyrebird:

dblue_Crusher

Limiter

RoomWorks SE

gunshot2

player umpf

high wheow

Mech spring sounds

bird player shoot

lyrebird

To persuade females to come clo-
se, the male lyrebird sings the most
complex song he can manage. And he
does that by copying the sounds of
all the other birds he hears around
him — including the sounds of chain-

76
saws and camera shutters!’

The samples used here are the imitation
of sci-fl lasers shots of those lyrebirds.
Finally, building on the low-fi retro
sound aesthetic an 8-bit shaper, bit-cru-
sher as well as limiter and reverb were
used to shape the sound.

There are four variations of the base
sound and eight different bird samples
each, so there are 256 variations of the
sound which should be enough for the
player not to get annoyed even though
the very high fire rate.

Fig. 22: Cubase Screenshot of Player Shot Sounds

76 BBC 2014
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f) Player Ammunition

The player can hear how much ammuni-
tion is left through a low-pass filter at-
tached to the shot sound playing audio
source. Every shot the cut-off frequency
of this low-pass filter is altered through
a formula that is adjusted to logarithmic
hearing and the wanted urgency level:

fLP,now =2% (ammoin% * 100)2 + fLP,lowest

For the change of the sound to feel more
natural the low-pass frequency is then
altered in small steps (Fig. 23).

The shot volume is also adjusted to the
percentage of ammunition left as a linear
curve between 0.5 to 0.25, so the effect
gets more prominent the lower the am-
munition is to urge the player to relo-
ad. If the player shoots without having
any ammunition, the clicking soundbites
from reloading will play, to inform the
player that input was recognized but no
bullets are left. When the player reloads,
the low-pass frequency is set back to 20
kHz and the volume back to 0.5.
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2) Player Reloading

The time it takes to reload depends on
how much ammunition is left, the maxi-
mum ammunition being 20 and the time
it takes to reload is 0.1 seconds per shot.
Initially every refill was meant to play a
click sound, but half the repletion speed
sounded better which is why there are
ten different base layer reload sounds
(0-1 left, 2-3 left, ..., 18-19 left). These
consist of a camera flash sweeping up
two octaves and a reversed bass note,
both time-stretched for every base sound
so that they fit the duration between 0.2
seconds and 2 seconds. The sound was
also filtered and bit-crushed. There are
17 click sounds from a toy gun trigger
sound that was octaved, compressed and
filtered. If the reload is finished there are
four different soundbites to play. These
consist of the synthesized bird sound
from player fire high-cut at 16 kHz for
a higher sounding ping and a sci-f1 cur-
ser click sound low-cut at 9 kHz forming
a lower sounding ping. The whole “re-
loading finished” sound is mixed with
a copy of itself that was run through a
Chebyshev polynomial of the 4th order
and another equalizer.



if (LPShootChanged)

{
if (Mathf.Abs(lowPassShoot.cutoffFrequency - cutOffShoot) > cutOffShoot * .05f)
{
if (cutOffShoot > lowPassShoot.cutoffFrequency)
{
lowPassShoot.cutoffFrequency *= 1.3f;
}
else
{
lowPassShoot.cutoffFrequency *= .95f;
}
}
else
{
LPShootChanged = false;
}
}

Fig. 23: Implementation of changing the Low-Pass depending on Ammunition (FixedUpdate)
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Fig. 24: Cubase Screenshot of Player Reloading Sounds
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3.5 Damage

a) Enemies

Instead of giving enemies health bars
another way of showing their status was
chosen. The sound of hitting them with
shots gives the player a feeling for their
remaining energy. If an enemy has more
than 70 percent of its health, the shot
does not sound like it has a big impact,
but if' its health is below 80 percent it
sounds like it is already falling apart.
The Boss ship on the other hand always
sounds like the shots are not really pe-
netrating it, which makes it more fright-
ening in the emotional aspect and more
difficult in the gameplay aspect.

There are four samples each for the hits
on high and mid health enemies, and 4
plus 8 samples for enemies on low health
(using two layers in the game engine).
Every finished sound was compressed
and reverbed.

64

On high health the sound consists of a
bullet ricochet explosion, the low fre-
quency part of hitting a metallic cage
and of a sniper shot. Everything was
muftled to lower the perceived impact.

The shots on mid-life enemies con-
sist of a short and muftled explosion, a
down-sampled and function-shaped (tu-
be-amp simulation) dropping of a key
and the mid frequencies of a metal hit
with much reverb.

On low health the base sound in high and
low frequencies is hitting ice including a
metallizer plugin. In the mid frequency
spectrum there is already a notable ex-
plosion (overdriven & muftled) as well
as concrete and glass flying with stutter
reverb. For the low frequencies there is
also the sound of pitched down metal
rubble flying around.



Inspector
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Fig. 25: Cubase Screenshot of damaging Enemies Sounds

65



m
2

Compressaor

TAL-Reverb-2-64

BitCrusher

b) Player

The sound of the player being hit con-
sists of a variety of sounds, including
metal & glass being hit, a car crash, a
ship being hit by a cannonball (with a
metallizer VST), a muffled explosion and
a glitch sound for including a diegetic Ul
sound. Everything was compressed, re-
verbed and, as standard for player sound,

slightly bit-crushed.

The player ship does not have much
health, so taking damage should have a
big impact but there is no need for many
different damage sounds.

Muffled explosion
Carcrash
Ul Hit

AttNon rustle chea...al

I e

Ship interior hit

However, the player can take either one
or two damage depending on the source,
so there are two samples and two varia-
tions of it with an extra layer and with
the room-size of the reverb boosted by
33 percent.

It the player would receive two damage
but uses the shield, only one damage is
dealt instead. In this case a normal da-
mage sound and a “shielded” sound play,
but the latter one’s volume is halved to
convey that the player should focus on
avolding this kind of damage instead of
just shielding it. Also, the pixel shields
opacity does not change here like it
would with completely negated damage.

Fig. 26: Cubase Screenshot of damaging Player Sounds
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public void Damage(bool shield, float damage, AudioSource exploAudio, float health)
{
if (exploAudio != null)

{
exploAudio.pitch = Random.Range(.9f, 1.1f);
explofudio.clip = dying;
exploAudio.Play();
}
else
{
if (shield)
{
gotHit.PlayOneShot (damageShielded[nowShield], .1f-damage*.5f);
int 1 = @;
while (lastShield == nowShield)
{
nowShield = Mathf.FleoorToInt(Random.Range(®, damageShielded.Length - .81f));
i+
if (i » 18e8) { break; }
¥
lastShield = nowShield;
}
if (damage > @)
{
if (damage ¢ 2)
{
if (nowDamagel) { gotHit.PlayOneShot(damaging[®]); }
else { gotHit.PlayOneShot(damaging[1]): }
nowDamagel = |nowDamagel;
}
else
{
if (nowDamage2) { gotHit.PlayOneShot(damaging[2]); }
else { gotHit.PlayOneShot(damaging[3]): }
nowDamage2 = |nowDamagel;
]
}
}

Fig. 27: Implementation of damaging Player Sounds (OnTriggerEnter/OnCollisionEnter)
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3.6 Hovement

The general idea behind the movement
was using musical intervals to determi-
ne the danger of the different enemies
through their movement sound.

The movement sound for the player has a
small peak at 262 Hz, which corresponds
to a C3 in the twelve-tone equal-tempe-
rament scale.

The Kamikaze is boosted a minor third
above at 311 Hz (Eb3), neither known as
an extremely pleasant or unpleasant in-
terval.

The Up/Down enemies have a peak at
the tritone 370 Hz (Gb3), known as a
very unpleasant interval.
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The Charger’s idle sound is boosted at
247 Hz (B2), creating a strong dissonan-
ce of the minor second pulling upwards,
and one at 494 Hz (B3), creating a major
seventh.

Using musical clusters was planned for
the Boss movement, but its appearance
and introduction is clue enough for the
player that it is the most dangerous ene-

Of course, players are not expected to
determine the enemy by identifying the
musical interval. The interval theory is
used as a tool for shaping the player’s
perception of an enemy (if the player is
used to western music).



Inspector

a) Boss

For the Boss enemy there are three final
layers to be used in Unity. The first is
the base layer, consisting of a reverbed
airSynth recording which is simulating
a helicopter and a jet engine recording
with a low-shelf filter. This sound trig-
gers every 30 seconds the Boss is active
(fading between repetitions). The second
continuous sound is a recording of a fan
phasing with itself, reverbed, filtered and
send into a delay line. There are two dif-
terent samples resulting in a two-minute
loop.

Boss 4
Copy of Helicopter...th

Jet inside Att Boss

There are also four additional sounds for
special movements. Two are used for the
Boss® entrance and re-entrance after lo-
sing a life, one for the Boss moving up
again to reset itself when the player lo-
ses a life and a last one where the Boss
descends because the game is over. The-
se consist of another airSynth recording
and a rocket thruster sound effect, both
filtered, compressed and reverbed.

BossShorts

Scify Airsynth_3 Boss

Thruster Boss Intro?

[m[s | Phasing Fan Boss 1.13
® e =|[r u]

Phasing Fan Boss 48

Fig. 28: Cubase Screenshot of Boss Movement Sounds

69



Inspector

b) Charger

The Charger has 5 different audio lay-
ers mixed in Unity. When the enemy
spawns and moves downwards into the
frame, there is one base sound of a jet
start-up mixed with one of eight diffe-
rent synthesizer bits containing a delay
line. The two idle sounds that play the
entire time are a filtered fan room sound
and one of five different soundbites from
a pitch-shifted and time-expanded recor-
ding of rubbing a pan with a wire whisk,
which gives the Charger a creepy vibe.

Charger 4-3
Synth Charger Start
Jet startup Charger ...rt

16 [ m] S | Fan Room Charger Idle
(8 «]c ofr w]

When the Charger moves sideways befo-
re stopping to shoot at the player, one of
seven sounds from another jet start-up
sample is used.

| | | | o |

Charger 4-3 Charger 4-3

)

Att Charger Idle+ ...py

Fig. 29: Cubase Screenshot of Charger Movement Sounds
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€)

The base sound layer for these enemies
consists of a rocket thruster effect, fil-
tered jet noise and an alien drone sound
(8 samples). The second layer is a giant
tan recording, filtered to focus the lo-
wer frequencies to make it sound more
intimidating. Everything is compressed,
reverbed and filtered. There is a parame-
tric EQ implemented in Unity to boost
frequencies around 370 Hz even more.
The enemies are intentionally kept inter-
convertible to make distinction a chal-
lenging game mechanic for the player.

Up/Down

Thruster2 UP?
Jet Noise UP
Alien Drone UP

Humming Wind cr...P?

Apart from just watching where the
enemy shoots, the player can also lis-
ten to the movement sounds, because
the Up enemy gets an additional third
layer. These are eight samples of cree-
py humming wind. In an earlier version
the fan layer was the extra layer for the
Up enemy, but this was changed because
the higher frequencies of the humming
sound are easier to localize, and therefo-
re they are clearer to distinguish when
multiple enemies are on screen.

[m]s | Fan Att Extra fiir UP

Fig. 80: Cubase Screenshot of Up/Down Movement Sounds
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Inspector

d) Kamikaze

The Kamikaze enemy is not that dange-
rous, which is why its sound should not
be very dominant in a hectic scene. One
sample was made that is altered by ran-
domised pitch-shifting. The most promi-
nent layer is a loud afterburner etfect at
the beginning. A resampled, pitch-shif-
ted, octaved and filtered acceleration
sound empowers the feeling of speed la-
ter in the sample.

Kamikaze 3

o [m[s | Kamikaze
(R wjle ofaustnd

A low drone noise and heavy reverbed
recording of traffic give greater varian-
ce and base energy to the sound. Ever-
ything is compressed and filtered. Since
the movement tone-boost is altered by
the randomised pitch-shift in Unity, a pa-
rametric EQ was added to the mixer of
the Kamikaze movement sounds in Unity
itself.

Accelaration Resample

Drone Noise Low Kami

birds and traffic Kami

Afterburner Kami

Fig. 31: Cubase Screenshot of Kamikaze Movement Sounds



e)

The player movement sound is a simple
recording of a plane inside the passenger
cabin. An enhancer adds low frequencies
while an equalizer cuts the parts above 7
kHz as well as below 30 Hz and gives the
boost at 262 Hz. This sound is looped in
Unity and the pitch of the audio sources
is changed depending on the active velo-
city of the player to give the player more
teedback on his current speed.

Player

The conversion from velocity to pitch
is made so the pitch value is always bet-
ween 0.5 and 1.5 while normal movement
results in a barely altered pitch from the
original version.

These values where chosen aesthetically
and in mind with the earlier idea of ha-
ving the player pitch be C3/262 Hz. The
idea does not really work as musical in-
tervals anymore, but it helps distinguish
enemies.

activeSpeed = Mathf.Abs((transform.position - lastPosition).magnitude);

lastPosition = transform.position;

playerMovel.pitch =
playerMove2.pitch

playerScript.activeSpeed * 10/3 + .5f;
playerMovel.pitch;

if (playerMovel.isPlaying && !playerMove2.isPlaying)

{

if(playerMovel.time > 115.1f) { playerMove2.Play(); }

}

if (playerMove2.isPlaying && !playerMovel.isPlaying)

{

if (playerMove2.time > 115.8f) { playerMovel.Play(); }

}

Fig. 32: Implementation of Player Movement Sounds (FixedUpdate)
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3.7 UI

a) Select

The select sound is played on every Ul
interaction, for example clicking the
“Resume” button. It consists of the very
tast starting short *thump* of" a basket-
ball drop to immediately confirm inter-
action. Ior a sci-fi component there is
also a beep added. Both are bit-crushed
to add more character to the sound.

Inspector

Select
basketball drop Att
PM_CSPH_Beeps_17
Wrong input

[m[s | nope
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Kopie von PM_CSP... 9

b) Wrong Input

It the player presses an Ul element whi-
le another one is still processing, if he
or she tries to reload at full ammunition
or use the shield with no ammunition, a
“wrong input” sound will be played. It
consists of two similar beeps, pitch-shif-
ted a bit differently to get a “no”-soun-
ding downwards interval, and the low
frequencies of a rougher beep. Every-

thing is compressed, bit-crushed, rever-
bed and filtered.

Fig. 383: Cubase Screenshot of Select and Wrong Input Sounds
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FuncShaper

FuncShaper

c) Hover

The possibility of clicking a button is
not only done visually, but also audible
by using hover sounds. They consist of
short and noisy bursts that are wave-sha-
ped using soft clipping and bit-crushing.
Low frequencies are filtered out and the
500 Hz area is a bit boosted for fine-tu-
ning.
d) Quit

For quitting the game a combination of
a confirmation beep, a closing Ul sound
sequence and a glitch sound play. They
are compressed, reverbed and bit-crus-

hed.

Start Beeps
Quit
Quit
turning off
PM_CSPH_Beeps_ 5

PM_CSPH _Close_10

e) Start

For the typewriter-style text beeps
were made to accompany every charac-
ter as well as three beeps as the “inco-
ming” notification and one for turning
the transmission off. The beeps were
recorded from the airSynth, cut apart,
bit-crushed, reverbed and filtered. The-
re is randomization in the timing of the
characters and the six sounds are picked
randomly too.

Fig. 34 Cubase Screenshot of Hover, Start and Quit Sounds
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FuncShaper

FuncShaper

f) Respawn

Early in development it was determined
that the best way to get rid of the on-
screen enemies when the player dies was
to fast forward the game through mani-
pulation of the game’s time scale. This
was also the idea for the sound design:
time passing until a new spaceship gets
warped in. The volume, pitch and speed
of asimple rhythm was automated to get
the fast-forward feeling. This is accom-
panied by a pulsating noise.

Before Respawning a short “loading”
sound is played, while two portal sounds
ring out together on respawning (one in
low and one in high frequencies). The
whole sound is compressed, heavily re-
verbed and bit-crushed.

Start Beeps
Quit

Quit

turning off

PM_CSPH_Beeps 5

PM_CSPH _Close_10

Voreinstellung: VJH X

Halbtone
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J Illll
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"
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5%

Bereich 0% 100 %

(+/-29
[ urspriingliche Dauer beibehalten

Wellenform anzeigen:  Kanale mischen v Huillkurve zuriicksetzen

Fig. 85 Magix SoundForge 10 Screenshot of the
Rhythm Pitch Bend

Fig. 86: Cubase Screenshot of the Respawn Sound
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Inspector

g) Restart

Since respawning equals fast-forwarding
the idea for the restart sound was to re-
wind the diegetic space. The two most
prominent sounds are beeps sounding
like a computer calculating something
tor the sci-fi feeling and an airSynth syn-
thesizer. The latter as well as tremolo
frequency with some low frequency ef-
tects are rising and then falling in pitch.

Restart

Calculations

Loading1

Loading2

Scify Airsynth_2

The starting part of a “loading” sound
is repeated six times before continuing
to its full length. The sound of shooting
a rocket is used as an added “whoosh”
sound effect, then everything is compres-
sed, heavily reverbed and bit-crushed.

Fig. 87: Cubase Screenshot of the Restarting Sound
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BitCrusher

Compressor

h) Health Item

The audio design of the health item was
built on sweeps and coin sounds as incen-
tives to picking them up. The graphic de-
sign of the coin with the player ship im-
printed on it actually followed the sound
design instead of the other way around.

When spawning the first sound recog-
nizable consists the high parts of a coin
flip recording. The other two sounds are
“teleporting” sound eftects, the first one
being a low frequency effect sweeping
up and the second one a high frequency
effect sweeping a bit down. Everything
was bit-crushed and compressed.

=

Extra Life Spawn

R W/|e o tutstark

i
E

Att teleport

334301_sojan_ coi...c1

deep distorted sweep

Extra Life Pickup

short sweep (teleport)

Att Coin flip

The sound of the player picking the
health item up also consists also of a
sweeping teleport sound effect and a coin
flip, but both being high in frequency
and more focused on the pickup impact.
The sweep is reverbed and bit-crushed,
the coin flip has automated reverb to ex-
tend it.

Fig. 88: Cubase Screenshot of the Health Item Sounds
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i) Warning Low Hp

If the player has only one health point
left, a continuous warning signal will
play, urging the player to be careful,
like in the The Legend of Zelda series.
In order to not be too annoying, the
beeps in this game are lower in frequen-
cy and instead more rough sounding to
get the attention. The signal is made
by duplicating a recording of the air-
Synth and pitch-shifting both instances
down in different amounts, to make use
of the acoustic harshness eftect. Finally,
a bit-crusher was added. There are also
various additional crackle, noise and dis-
tortion sounds to simulate that the con-
trols of the spaceship are starting to fail.

LowHP

LowHealth

TAL-Reverb-2-64

BitCrusher

Scify Airsynth_5

copy of Scify Airsy... 5

Crackle

Warning shot below

)] Warning Shot from Below

When an Up enemy gets past the play-
er it continues to shoot, even doing this
from off-screen so a while. In order to
make this not too unfair a singular alarm
is played 0.3 seconds before this happens,
consisting of a short alarm beep with
heavy reverb and bit-crushing. The ti-
ming was chosen to warn the player as
early as possible while also keeping the
causal connection between warning and
shot. The sound then will be panned in
Unity according to where the enemy is
on the x-axis in relation to the player.

Fig. 89 Cubase Screenshot Low Health and Shot from below Sounds
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3.8 Ambience

The ambience consists of different lay-
ers that fade in and out depending on
the game stage the player is in. It starts
relaxing and gets more abstract and dis-
turbing to make the player feel like step-
ping from the home world into the alien
world. This is also supposed to help the
player act more carefully in later/harder
levels. Even though the stage structure
is mostly based on time, ambiences must
be loopable because if the player dies the
time it takes to get to the next level will
be increased.

There is one general chapter ambience
that plays the whole time between boss
fights. The first chapter has a really re-
laxed and not too complex ambience. The
second chapter is a more otherworldly
“dreamscape” ambience with a metallizer
plugin for it not to be too relaxing, crea-
ting the transmission to the final one,
which is just weird and unsettling.
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The first chapter consists of 4 stage
ambiences that evolve from simple fly-
ing noise to a full-on horror drone, but
all the ambiences are smooth in text-
ure. The second chapter does the same
development with three ambiences, but
them being grainier. The last one is a
crackling thruster-like noise followed
by a spooky wind ambience, creating the
calm before the storm in form of the last
boss fight. Through this same setup the
player can feel when if the boss stage is
near because of the scary ambience in-
stead of noisier ones. Also, the overall
style gets more abstract and otherworld-
ly over the whole progress of the game.

The Boss fight has its own ambience:
A short and simple action rhythm loop
giving it more tension, an intro and a
creepy tech sound ambience. The intro
differs between boss fights, the first one
being a sci-fi alarm, the second one a
rustling machine ambience and the third
one something like creepy bee buzzing.



relaxed Over15

general Noise
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Fig. 41: Cubase Screenshot of Boss Ambiences
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3.9 Husic

Music was taken from the internet and
just cut and faded to be loopable. During
the actual gameplay there is no music to
tfocus on the enemy sounds.

a)

The player is greeted by a very simple
synthesizer music. It conveys the inten-
ded sci-f1 feeling and is not too distrac-
ting, because the main menu is just there
for reading the controls before starting
the game.

Main Menu

b) Intro

For the time of the intro transmission
a short sci-fl music plays that is slowly
taded in and out, and while fading in get-
ting slowly boosted at 200 Hz for added
effect.

LowHP

LowHealth

TAL-Reverb-2-64

BitCrusher

Scify Airsynth_5

copy of Scify Airsy... 5

Crackle

Warning shot below

c) Pause Menu

When entering the menu most audio
sources are stopped, while the music and
UI sound audio sources are not affected.
The music is very relaxed to give the
player an actual break from the game-
play. If the player exits the pause menu,
the music will be paused instead of stop-
ped, so when the game is paused the
next time the music continues instead
of always starting from the beginning.
All other audios sources will continue

playing.

Fig. 42: Cubase Screenshot of Main Menu, Intro and Pause Menu Music
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d) Game Over

If the player dies and did not get a new
high-score, the music is supposed to re-
semble the feeling of drifting aimlessly
through space in a shipwreck. To add to
this there were also some computer mal-
tunction and warning beeps mixed toge-
ther.

If the player got a new high-score, a
short upbeat loop plays to celebrate.
When the player reaches the end of the
game the synthesizer solo part of an up-
beat music is playing to celebrate beating
the game.

Glitches2
Machine Alarm Noise
Att Horror Ambience

won / highscore

Happy

Highscore

Easter Egg

derpy

It the player completes the game wit-
hout killing any enemies (in video games
known as a pacifist run), the saved
high-score is reset to zero and a short
quirky melody is playing. This is just a
little Easter Egg (hidden jokes or achie-
vement in video games or other media)
to reward exploration.

Fig. 43: Cubase Screenshot of Game Over, High-Score, Winning and Easter Egg Music
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4 Audio Mixer

3.18 Adaptive Hixing

For every object and sound type a mixer
in Unity was added, e.g. Charger Shots,
Player Shield or UI Effects. There are also
three groups called Shots, Damage and
Ul that duck the master signal to increa-
se the impact of those actions. Additio-
nally, the ambience is ducked by every
other sound source to get more room for
important sound effects. For each audio
source in Unity the priority was roughly
changed, so if more sounds than the
computer can handle play at once Unity
takes out less important ones.

For the player to still hear his or her
own feedback sounds the Player mixer
gets turned up the more enemies are on
screen. This is done by keeping tabs of
all the active enemies, adding up their
numbers and using the power function
to shape the curve. In a similar way ene-
my audio is altered. For every active ene-
my that is more dangerous the mixer is
lowered by a small amount, to not get
too high volumes at once and have the
bigger threat stand out. As an example,
the formula for the Up mixer volume is:

0.8
UOIUp = UOlUp,start — 2% (amountactive Chargers + amountyceipe Bosses)

'Y Master

v ul
Ambience
Effects
Music
Warnings
¥ NotUl
Ducker UL
Ducker Shots
Ducker Damage
¥ Player
PIDamage
PIshots
PIShieldEQ
PIMovement
¥ Enemy
P Kamikaze
¥ Boss
BoDamage
BoMovement
BoShots
Boshield
¥ Charger
ChShots
Chshield
ChMovement
ChDamage
» Up
» Down

Exposed Parameters (11 '

Fig. 44 Unity Screenshot of the Audio Mixer
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Adaptive mixing was implemented to
help players who need it. If the player
has the starting 3 lives or more, nothing
changes, but if fewer lives are remai-
ning, the effects written about below get
stronger to help the player not to get a
“Game Over”.

With games that feature many enemies
at once it is essential for the player to
shift focus between them. Each enemy
has a specific timespan in which they
are most dangerous, and some can be
completely ignored at times. Kamikaze
and Down are dangerous when they are
starting and no threat when they passed
the player.
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The Up enemy should be dealt with
when it is above the player but really is
just dangerous when it passed the player.
The Charger is no threat in the begin-
ning and cannot be damaged, but both
this enemy and the Boss are most dan-
gerous when charging up their shots. To
help the player with this, these sections
are also boosted or lowered depending
on the player’s lives left.

For the player to notice it the ammuniti-
on is running out while using the shield
in a similar fashion to the shot sounds
the lower the ammunition is the lower
the shield volume gets.



if (helpStage > @) {
int i = 0;

foreach (AudioSource audioSource in audioSources)

if (audioSource = null)
i if (name.Contains("Kamikaze") || (name.Contains("Down")))
: if (playRelPos > -1)
! audioSource.volume = Mathf.Max(audioSource.volume * (1 - Time.deltaTime), startValues[i] / (1 + helpStage / 3));
}

}

if (name.Contains("Up"))

if (playRelPos > -1)

audioSource.volume = Mathf.Min(audioSource.volume * (1 + Time.deltaTime), startValues[i] * (1 + helpStage / 3));

]
}
if (name.Contains("Charger") || name.Contains("Boss"))
{
switch (state)
{
case @:
audioSource.volume *= (1 - helpStage / 6);
break;
case 1:
audioSource.volume = Mathf.Min(audioSource.volume * (1 + 2 * Time.deltaTime), startValues[i] * (1 + helpStage / 3));
break;
case 2:
audioSource.volume = Mathf.Max(audioSource.volume * (1 - Time.deltaTime), startValues[i]);
break;
}
}
i+e;

Fig. 45: Implementation of Adaptive Mixing for Enemy Sounds (FixedUpdate)
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4. Game Aésumé
4q.1 General Discussion

The objective in creating this game was to demonstrate many techniques that alter the
difficulty through sound. Most of the game design followed this premise, which is why
the game design was kept relatively simple from a gameplay and story perspective.

When designing sound for video games, many difficulty-changing aspects are appro-
ached without thinking about it. For example, an audio designer instantly considers
what one enemy type should sound like, so the aspects of localisation and differentia-
tion are already involved. But when difficulty is already in mind in an early stage of
the sound design and these tools are used consciously, they will be better executed
resulting in stronger support for the player.

The research on which terms to use when talking about game audio functions, be
it (extra-)diegetic, transdiegetic or the various degrees of interface sounds, clarifies
the need to always think about the two core game functions at the same time: “When
sound in films breaks this common separation between diegesis and extra-diegesis,
it is understood as a stylistic, artistic and uncommon way of using sound, but games
utilize this functionally to bind together usability and fictional space.”””

Speech can be a great asset, especially in story driven games, but was passed on in this
game due to the sparse story. Also, sound eftects are more universal considering diffe-
rent languages, wear not out as fast as voice-lines and, if" already familiar, are quicker
in delivering information to the player.

77 Jorgensen 2006, p. 5
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q4.2 Aesthetics & Function

In SHMUP the audio layer plays a critical role in providing the player with informa-
tion. This is done by creating sound eftects that could be real in the diegetic world,
which makes them more enjoyable for the player, instead of using very functional and
raw sonification sounds. The designed audio clips access the players’ intuition and
emotions, to feel natural and fun instead of a chore. For example, by using musical
intervals for the movement of the ships they become easier identifiable and clearer in
their threat level. This example is an advanced technique that probably does not work
well with most players, but generally the game’s functions are made clearer through
the right sound design.

When the player uses the shield, all outside noises get muftled by a low-pass, which
makes the player feel protected. On the other hand, if he or she shoots at the shiel-
ded Boss, the hit feels insignificant because it is 99% reverb and nearly no impact.
Sound effects tell about how something affected the game world in form of reactiona-
ry sounds. If an enemy is hit, the player immediately hears not only if" it was shielded
or not, but also the enemy’s health. This is made audible by using three different sound
effect pools for enemies with over 70 percent of their health, under 30 percent and
in-between.

When designing Ul audio, intervals that remind of speech patterns are used to con-

vey emotion, see Wall-E (2008, Pixar) for reference, or acoustic phenomena like the
harshness effect.
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4.3 Supporting the Flayer

The player gets warned in different ways by pre-emptive sounds, for example ene-
mies are audible and distinguishable before appearing on-screen. Some enemies, like
the Boss, even telegraph their attacks visually and audibly through diegetic dedicated
interface warning sounds (weapon loading and UI beeps rising in pitch). When the
player gets shot at from below, another alarm is played, which is even panned depen-
ding on the player and bullet position on the x-axis. There are also warning signals in
form of alow health beep plus crackling as well as notifications like the “Wrong input”
sound or that reloading has been finished.

Orientation in form of the game progress is audible through the background ambien-
ce. Each of the three chapters between boss fights evolves from a relaxed atmosphere
to a scary and weird soundscape, while the whole game progress is shown through the
timbre of ambiences (smooth to grainy texture).
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9.4 Hultimodal Practices

Many events in the game are multimodal, for example a ship being damaged results in
a sound effect as well as blinking. This helps players learn the game system faster and
overall perform better. One implementation was to make it audible when shooting or
using the shield how much ammunition the player has left before reloading. By doing
this he or she does not have to look in the right corner of the screen and get killed
while looking away from the action. It is still important that this information is also
made available in the visual domain for the player to recognize the connections and
learn them easier. Another way of conveying this information would be through ex-
plaining it in-game, but this would be rather inelegant.

The Up and Down enemies may look the same, but are very different, especially consi-
dering when they are a threat to the player. To help players distinguish them a move-
ment sound layer was added for the Up enemy to make it more intimidating. Here,
amodality is used as a gameplay mechanic.

The game is focussed on the unity of action and sound because, regarding player per-
formance, this is more important than picture and audio. Kinaesthetic sympathy was
utilized by developing a style that is not too far from known sci-fi sounds. It would
have been even better to use more noises that players would have created themselves
before (like the coin flip or basketball drop), but the science fiction theme generally
demands other aesthetics. Most sound eftects have enough variation in using randomly
chosen iterations or layers and pitch shifting to make them feel more realistic instead
of unnatural or annoying, but for fast learning and identification they are not too dif-
terent from one another.

Amodality, conflicting displays or asynchronicity could have been used to make the

game harder for players who might feel it is too easy, but for this thesis only positive
reinforcement techniques through sound where implemented.
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4.5 Mixing and Implementation

Dynamic mixing was implemented to help struggling players, by shifting their focus
to the currently important information. As an example, the Down enemy is dangerous
in the beginning and can nearly be ignored later, which is why it gets mixed up or
down depending on if it is above the player or below the player on the y-axis.

Classic mixing also helps the player to not get overwhelmed and to give more impact
to important actions. Depending on how many and which enemies are on screen the
player and enemy volume is changed, so that he or she can hear the input feedback and
the most dangerous enemies. Also, most player actions and other important sounds,
like shots and warnings, duck the master signal, while the generally unimportant am-
bience is ducked by everything else.

The necessary audio implementation and testing effort should not be underestima-
ted when planning a project (see 1.8 Audio implementation), for example evaluation
workarounds for special game conditions, testing fades of music/ambience tracks and
generally the mixture of different audio assets. With larger projects it is essential to
map out as much as possible how things should be done beforehand, because new fea-
tures or tools could generate new bugs or preventable problems and force revisions of
virtually finished work. In case of this game’s audio implementation the convenient
mixer snapshots of Unity could not be used because of the way the adaptive mixing
was implemented. Also, building many features from the ground up and having to al-
ter copied versions in different scripts is tedious, which is why possible collaboration
between audio programmers and sound designers or the use of middleware like #wise
should be considered when calculating how long the audio work on a game will take.
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Conclusion

In this thesis the effect of sound design in relation to the difficulty of video games was
examined. This was done by finding, compressing and presenting relevant research in
the theoretical part and apply found practices in form of a shoot ‘em up video game
created for this thesis.

It was claimed that sound design is already widely used to form the difficulty level of
games. This thesis is supported by the fact that there was not only scientific research
about this, but also promotion in interviews and talks from working game sound de-
signers. It was also found that even when designing the audio layer without thinking
directly of difficulty, a certain amount of shaping is done by default. Sound design
affects the difficulty of video games, and a good sound designer can form it in various
degrees. The audio layer might not be the simplest form of doing this, but it is a very
elegant way and worthwhile to use in combination with techniques using other senses.
Various possible tools were implemented in the game to demonstrate the scientific
studies on an actual game.

The research on which language to use when talking about game sounds shows the
need to always think about usability and the fictional world at the same time, suppor-
ting both story and player. A shield should sound like it is shielding and a health bar
can be realised by making different impact audio clips, forwarding critical informa-
tion to the player through sound. Ul noises give feedback on input reception and on
conditions like “finished reloading” or “low health”. Sounds can let the player know
what and where something will happen, in form of warnings before attacks, through
diegetic or Ul sounds. Even the ambience can give the player orientation of space or
something more abstract like game progress.

Essential effects, like movement sound, can play on the user’s intuition and emotions
to change the behaviour. They can also be a game mechanic, as demonstrated by diffe-
rentiation of similar looking enemies through sound. Displaying information like “left
ammunition” both visually and sonically helps the player to quickly learn sounds and,
when learned, focus his or her vision on enemies instead of UL
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Since video games are focused on input, the timing of audio clips should be influenced
by action instead of animation. Action sounds work better when including noises that
the player created in real life before. Diversitying sounds, be it through randomization
of pitch or layers, is essential for them not to get annoying or feel unrealistic.

Dynamic mixing helps players who need it by automatically mixing enemies in their
dangerous/undangerous phase up/down. Player and enemy volume are changed de-
pending on how many and which enemies are active, while ducking also helps import-
ant sounds to stand out.

Most of the above-mentioned tools could have been used contrariwise to make the
game more difficult it the player performs too well and might get bored, but this video
game is focused on helping instead of disrupting.

Audio implementation and testing can be underestimated, which is why enough time
for planning, the use of both sound designers and designated audio programmers or
usage of middleware like //7wise should be considered.

It was fascinating how the game instantly sounded significantly better when the cheap
placeholder sprites were changed to the finished pixel art (compare 1.5.1 Combining
auditory and visual stimuli). It is important to listen to the sounds in context and see
i’ the aesthetics fit.

Another important aspect of game audio is real-time processing of" reverb, occlusion,
etc. Since the game plays in space these topics were disregarded, but in most other
games it is important to keep them in mind. For example, sound effects should have as
less reverb as possible, so reverb can be applied in the audio engine to get a consistent
and good feeling of space.
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Unfortunately, there was no time for testing, which is why the impact of each difficul-
ty-changing tool is scientifically unclear. Nonetheless, they worked for the author and
can be adapted and tested in further research.

Since the production of video games is an industry, it would be interesting which
techniques are most elegant and efficient for their purpose. More insight on scientific
parameters like frequency and rhythm could be usetul, too. For this purpose, further
research on sonification should also be studied, because they can often be applied to
game sound design.

Of course, not all possible techniques to form a games difficulty through sound design
were explored. For each specific project it is essential to stay creative and come up with
strategies that fit the project the best.

Designing sound for games is a fascinating and manifold work. There are seeming-
ly endless possibilities for aesthetic creativity and player influence, be it emotionally,
tunctionally or, as shown in this thesis, both.
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Sound Attributions
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