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Abstract

Games as an art form continuously evolves and reaches new heights.
Game music plays an important part in most modern game experi-
ences, often responsible for setting the mood of a scene, or providing
clues about what kind of gameplay is expected (eg. combat music),
Especially for game experiences that are linear or hand-crafted, it
is often desired to guide the players' choices about where to go and
what to do, but this seldom happens through the use of music.
This thesis explores the qualities of music as a medium for infor-
mation, investigating whether music can e ectively be used to guide
player decisions in a real game scenario, with the following problemn
statement: "How do players perform in a game scenario when infor-
mation necessary to successfully progress is provided solely through
associative music?"

Through a highly iterative approach with multiple production and
test phases, a game was developed to act as an industry-grade test-
ing platform for the problem statement. A total of 8 tests were
conducted, of which 5 were preliminary and guided the continuous
production cycle of the game product. The nal iteration was tested
over 3 separate tests, of which one was published online to the world,
another was conducted locally - both with control groups. Lastly,
a bonus test was conducted to check for di erences in performance
when player were explicitly told to listen for the music - which is
otherwise besides the motivation for the study.

Unfortunately, no signi cant performance improvements was found
between the groups that received musical hints, and those who
didn't, indicating that players are simply not used to receiving valu-
able information through music.
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Introduction

Making games is hard. Making good games is even harder. Games as an
art form continuously evolves and reaches new heights - only barely limited
by technology. They are no longer just simple arcade games like space in-
vaders, but can be deep, well-crafted cinematic stories, or vast open worlds
to explore. Game music plays an important part in most of these cases,
often responsible for setting the mood of a scene, or providing clues about
what kind of gameplay is expected through, for instance, dramatic music for
ghting scenes, and calm music when there is no imminent danger (Lyng-
gaard Olsen et al., 2015).

Especially for stories and experiences that are hand-crafted (ie. not pro-
cedurally generated) it is often desired to guide the players' choices about
where to go and what to do, so as to have the player remain in a state of
Flow (Csikszentmihalyi, 1991). A vast array of techniques exist for this,
including clever lighting: glowing exit signs or spotlights above the door to
the next level; brightly colored objects in the game world that naturally
draws the attention of the player (Mirror's Edge, (DICE, 2008)); or a trail
of collectibles leading the player to the next interesting place. Surprisingly,
audio is seldom used to inform the players decision making processes. It is
most often found in a more supporting, rather than informing, role.

There are of course exceptions to this claim. Avid players of games like
Counter Strike (Universal, 1999) prioritize good quality headphones with
surround sound drivers in order to increase their spatial awareness. In this
way, it is possible to hear the footsteps of nearby allies or enemies even
when they are not rendered on the screen, giving the players an edge in
their decision making process. While there are certainly more exceptions,
it can however be noted that these usually regard spatial reasoning through
sound e ects like footsteps, or other diegetic sources from within the game
world. It is rarely seen that the music is used for anything other than
signaling the current state of the game (e.g. dramatic combat music signals
to the player that there are aggressive enemies nearby), placing music in a
merely supportive role.

As described by Jason Graves "the popularity of music for games increase
along with our capabilities as composers" (Hoover, 2009), but why is it that
music is almost never used as a source of information to guide the player?
This thesis explores the qualities of music as a medium for information,
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and aims to investigate whether it can e ectively be used to guide player
decisions in a real game scenario.



Research

This chapter brie y introduces game music as a eld of expertise, while
exploring the current state of the art of designing music in games. The
a ective and associative qualities of music are then investigated, leading to
the problem statement. In the end, design requirements are set up for the
following experiments that seek to answer the problem statement.

3.0.1 Powerful Qualities of Music

Soundtracks for both Im and games are widely popular (Bribitzer-Stull,
2015; Phillips, 2014), most likely because of the subtle, yet powerful qualities
that music in these media possess. It is safe to assume that most people
have experienced the 'goosebumps' as a result of being emotionally touched
by music; recognized a company jingle; imagined themselves on an exotic
beach when hearing exotic and relaxed music, etc.

Wingstedt (2004) presents six categories of musical functionality:
Emotive Class : emotionalize content and acting

Informative Class:  communication of meaning; communication of
values; establishing recognition

Depictive Class: describing settings; describing physical activity

Guiding Class: attention guidance; mask (out) unwanted or weak
elements

Temporal Class: provide continuity; de ne structure and form
Rhetorical Class: comment; make statements; judge

These categories attempt to collect the qualities or functions that music
can have and act on in media. Although originally the list was made for Im
music, Berndt and Hartmann (2008) argue that they can be transferred to
interactive media such as games. Berndt and Hartmann (2008) furthermore
state that most of the classes are widely underrepresented in game music,
where it is most often seen that music acts as a simple background element to
the mood, or increasing the temporal perception of action scenes, although
sometimes use of thanformative functions can be seen. Jrgensen (2006)
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found that especially the guiding role of music can prove helpful in games,
acting as a secondary medium of information to not clutter the screen with
even more visuals, while Berndt and Hartmann (2008) state that emotive
and informative musics can in uence the player's decisions by accenting some
associations and masking out others. In relation to the initial motivation
for this study, the informative and temporal classes seem highly relevant.
Green (2010) argues that when using music to express meaning, the audience
becomes less questioning. It would appear that music has a way of bypassing
the conscious processes of the listener. Eladhari et al. (2006) explains that
trying to convince something speci ¢ through music can be challenging, as
what the composer intended for the music might not come through unaltered
to the listener, making it insu cient as a channel for very speci c or detailed
information. Musical meaning seems to sustain itself in ambiguity (Cross,
2005).

3.0.1.1 Subconcious In uence

While most visual and more direct auditory stimuli (like sound e ects or
dialogue) tends to be perceived more consciously, music is often perceived
much more subconsciously (Berndt and Hartmann, 2008). While it might
at rst seem like one should then take care to only mediate important in-
formation through the more direct channels rather than channels that are
perceived on a more subconscious level, the indirect perception can in truth
be a strength to the dramaturgic e ects of music. Berndt and Hartmann
(2008) state the following:

"The more subconsciously music acts, the more it can condi-
tion the audience in a desired manner and stimulate their per-
ceptual direction”

This e ect is quite interesting, as it becomes possible to bypass players'
active thinking with subconscious in uence. Kungel (2008) explains that
this subconscious perception of music directly accesses the limbic system,
which is why music can have such an e ect on the emotions of the listeners.

Music and a ect is an extensive topic in itself, which lies well beyond
the scope of this study, however, it can be noted that there is a general
consensus between researchers that music can indeed directly in uence emo-
tional response of listeners (Juslin and Vastfall, 2008; Aljanaki et al., 2016;
Gabrielsson, 2002), making it a powerful tool for storytelling in Im and
games. While most individuals are rather pro cient at telling whether a
piece of music soundsad or happy (often related to minor and major mode
music), Gomez and Danuser (2007) has conducted research investigating the
in uences of several musical features down to a more detailed level. It is
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also relevant to note that researchers (and practitioners) usually distinguish
betweenemotions and mood (Batson et al., 1992; Scirea et al., 2014; Beedie
et al., 2005). The main di erence being that emotions are more focused and
de ned, where moods are generally more unfocused or blurred while lasting
longer (Scirea et al., 2014).

3.0.2 Music in other Media

A medium that is well known for its use of music is the cinematic medium.
More specically, Ims are often praised for their clever use of music to
both support moods and pacing, as well as providing information about
non-visible elements like the intentions of characters on screen, or to com-
municate the "“unspoken' thoughts of a character or unseen implications of
a situation" (Green, 2010).

3.0.2.1 Leitmotifs

A particularly useful tool for media composers is known as deitmotif (a
leading motive). Leitmotifs are musical ideas that are linked to "represent
or symbolize a person, object, place, idea, state of mind, supernatural force
or any other ingredient in a dramatic work" (Paulus, 2000). A common
example of leitmotifs is 'The Imperial March', or more often referred to as
'‘Darth Vader's theme' from the massively popular Star Wars franchise (Lu-
cas, 1977). This is arguably one of the most popular and commonly known
leitmotifs, easily recognized by many. At this point it can be speculated
that even people who have not seen the movies might recognize the theme
and connect it to Darth Vader, since Darth Vader is a massive pop-culture
phenomenon.

Another example is Ellie's Theme (Giacchino, 2009) from Pixar's 'UP’,
which is introduced in the opening scene as a happy theme that repre-
sents Carl and Ellies blossoming relationship. The theme is then used to
great e ect when Ellie becomes worryingly ill, where the musical theme has
suddenly transformed emotional qualities into something sad or depressing.
Bribitzer-Stull (2015) explains that such associative musical constructs (like
leitmotifs, icke xes, etc.) can collectively better be described as 'associative
themes', where leitmotifs by themselves should be de ned as a "recurrent
musical idea which has been invested by its composer with semantic con-
tent".

However, leitmotifs have a prerequisite: a successful connection that
rmly establishes the link between the music and that which it is a theme
of (henceforth referred to as theelement). In other words, the very rst
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time the theme is heard in connection with the element, there is no imme-
diate association, and some form of repetition is necessary to fully establish
the connection between music and element. The associative qualities of
leitmotifs may not always be as conscious as it probably is to many with
The Imperial March. Sometimes it is used for subconscious or emotional
e ect where if the listener would later listen to the theme, it might not have
clicked, whereas while watching, the brain can subconsciously register that
this theme is recognizable. According to Bribitzer-Stull (2015), the leitmotif
technique is useful for recalling things that are dimly remembered, starting a
process in the listener of seeing what sense can be made in this new context.
Therefore, by listening to a already known leitmotif, despite it's musical
context might be slightly di erent, it seems possible for the listener not only
to recall familiarity but also connect it to the known leitmotif.

However, Kramer (2002) mentions that a central problem with the as-
sociative qualities of leitmotifs, is that they operates "between autonomy
and contingency" and are therefore not necessarily a intelligible message
but rather chunks of ideas. The composer can therefore only show the idea
to a listener in the hopes of that the listener will understand it. Cook and
Everist (2001) even argues that music cannot have a unmediated meaningful
e ect on the listener, meaning with the leitmotif alone it is not necessarily
possible to plant an idea in ones head. Despite these di culties of conveying
any information or associations with leitmotifs, Bribitzer-Stull (2015) if the
composer has a good relation to the social praxis and musical culture there
are often "piece-speci ¢ sweet spot” that will make the associative quality
of leitmotifs possible.

One approach to establish musical associations is according to Bribitzer-
Stull (2015) by repeating the leitmotif, so that the listener slowly associates
what is happening with the music. Another strategy is something called
operative overture, which in Im is often described as the movement of
when preparing to see the Im and as such sharpening the focus in order
to be more focused on listening. Lastly, delivering the theme at signi cant
and memorable moments in the experience should also help establishing the
association.

Bribitzer-Stull (2015) also mentions that association is meaningless with-
out recollection, which refers to not only when remembering or associating
a theme to a previous experience of the theme, but also reminding the lis-
tener of the elapsed time, and therefore manifests itself at a speci c time in
memory.
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3.0.2.2 Speeding up the Association Phase

For bigger games with countless hours of playability, this is less of a problem,
as the players would most likely spend a lot of hours in the game, thus
having time to establish connections and associations with musical themes
over time. However, smaller productions like the one of the present study
has to consider methods that can speed up the association phase, as it is
both impossible to produce such expansive experiences in such a short time,
as well as to expect test participants to participate in a study where the
testing phase can take several hours.

3.0.3 Obvious Instrumentation

Various games have over the years been using di erent techniques to ac-
complish association and also without using directly leitmotifs. World of
Warcraft (Entertainment, 2004) uses human cultural preferences to charac-
terize their zones, factions and cities, by adding textures and special instru-
ments to their themes. For instance, the peaceful nature of night elves is
characterized in their theme with a harp and ute along with several other
classical orchestral instruments. Another example is the use of sitar and
middle eastern instruments in the game Uncharted 3 (Dog, 2011) when nav-
igating the desert. By using musical instruments that are already strongly
connected to a certain culture, region or behaviour, the player will already
have the foundations of understanding of its cultural association, thus aiding
the association phase, as some elements are already given.

3.0.4 Musical Foreshadowing

In addition to the powerful associative qualities of leitmotifs, music can also
be used forforeshadowing Musical foreshadowing is by Boltz et al. (1991)
described as the following:

"Foreshadowing prepares an audience for a critical, upcom-
ing event by presenting music during a preceding scene where
the future course of activities is relatively uncertain. By doing
so, the audience is drawn into the Im and invited to generate
expectancies about what will happen next.”

Scirea et al. (2014) found in their research that musical cues for narra-
tive foreshadowing results in an increased percieved consistency between the
music and the game. They also found that false foreshadowing (eg. playing
happy music when something sad is about to happen) enhanced the self-
assessed enjoyment of the players, which is further backed by Boltz et al.
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(1991) and Tan et al. (2007) who also claim increased memorability after
the experience.

Foreshadowing is then a useful tool for providing narrative clues, causing
the listeners to establish expectancies for what is soon to happen. As such,
it can reasonably be argued that the musical foreshadowing brings some
informative qualities as well - whether the information turns out to be true
or false is then up to time to tell. Bribitzer-Stull (2015) explain that the
purpose of foreshadowing or presentiment is to act as a sort dpsychological
or emotional preparation for what is to come, thus making the actual event
a ful liment of this preparation , which again relates to narratives. However,
the aim of this study is to successfully guide the players decisions via music,
meaning that foreshadowing (at least in the narrative sense) becomes slightly
irrelevant. Instead, inspiration can be taken in the sense that information
can be provided by the music in advance, thus hopefully participating in
guiding the players decisions.

3.1
How It All Fits Together

While music and its possibilities is the focal point of this study, it cannot
be denied that in most multimodal experiences, visual stimuli is in front
of the direct attention of the audience. Bribitzer-Stull (2015) lists in his
book Understanding the Leitmotif - From Wagner to Hollywood Film Music
a series of psychological e ects that music can have when combined with
sounds and visuals, based on work by Cohen (1990). This list is relevant
to present as it can help summing up why it is reasonable to assume that
music can be used as a channel of information to players. To sum up the
contents of the list that are relevant to this study, a condensed and somewhat
paraphrased version is presented here:

1. Meaning and Associationism : Things happen at the same time
and, because of connotative overlap (as in metaphor), one can evoke
the other even when it is absent (i.e., music can recall emotion of
previous scene it was linked to).

2. Structure and Organization : When both auditory and visual stim-
uli exhibit similar "structures”, as when they both change at the same
time, facilitating information-processing tasks.

3. Memory and Awareness : Musical soundtracks are popular in part
because the evoke memories of the movie, although such memories are
often visual more than auditory.
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While the list that Bribitzer-Stull (2015) presented included Experi-
mental Aesthetics , it has been excluded from the list presented in this
section, as it mostly regards music overshadowing content of information
(as seen in educational documentaries) (Bribitzer-Stull, 2015).

It can be noted that the three items on the list all revolve around music
strengthening the overall connection in between the experience. While Co-
hen (1990) found that people are much more likely to recall if a scene was
included in a movie or not, rather than telling if a speci ¢ music clip was
part of a Im or not, the claim in point 1. is very interesting in relation
to the current study, as it further supports the idea that the associative
gualities of music can be used to e ectively make people remember previous
experiences - similar to what is expressed in point 3. Point 2. pertains the
design suggestion that if the music contextually changes with the setting,
associations start forming, which is relevant in context with the associative
music strategy.

So it seems that there is a lot of pointers to the idea that associative
music might be useful for providing musical clues with the aim of guiding the
actions of the player. It was discovered that clever sound design can provide
valuable information to the player that might otherwise be confusing to
present visually, and since the presented research shows plenty of mentions
of the informative and guiding qualities of music, it can be hypothesized that
music might be able to ful Il the same role. One of the strengths of music
is that it can bypass the conscious processes, and instead directly in uence
the listener, suggesting that it might not be apparent to the listener if music
in fact did in uence them in any way. However for the associative qualities
of music to work, it is necessary to successfully establish the connection
between theme and element, requiring a certain learning phase.

3.1.1 Problem Statement

As a conclusion to the research, this section narrows the initial area of
interest down to a more de ned scope. Since the presented research suggests
that music can in fact be used to in uence the decisions of the listener, it is
pertinent to set up a scenario to either con rm or reject the hypothesis that
music can indeed be used for this purpose. As such, a more de ned problem
statement can be presented:

"How do players perform in a game scenario when
information necessary to successfully progress is pro-
vided solely through associative music?"

In order to test this, it is necessary to also establish a control group, in
which the information is not given, as otherwise it would be impossible to
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tell whether the music was the game element that had an in uence on their
decisions.

However, it is di cult to discuss performance without de ning the terms
that make a good or bad performance. While some games have points and
high scores, other games are merely storytelling experiences, in which "good
performance" is harder to de ne. In relation to this study, since the music
will provide information that aids progression, it makes sense to look at
performance as how much e ort goes into progressing. There are many
di erent ways to measure this, and the exact measures that are taken will
be described thoroughly in chapter6.

Based on the research, it is hypothesized that the group that receives mu-
sical information (musical hints) will perform better than the control group.
While it might seem trivial to compare a group that receives information
versus a group that does not receive same information, the special nature of
this study pertains such a set up. Because of musics usual place as a sup-
portive background element in games, it is hypothesized that players will not
expect valuable information to come from this medium. However, because
of the potential subconscious in uence of music, perhaps the performance of
players in the musical hint group will indeed perform better than the control

group.

3.1.2 Design Requirements

With a more de ned problem statement in place, it is also possible to set
up a list of requirements for the design of a test that can seek to answer the
problem statement.

There must be at least two groups:

{ A musical hint group that receives information through music,
valuable to the progression of the game.

{ A control group that plays an identical experience, except for
the fact that they will not receive the musical hint.

The test must include training phases for the associative music.

The test must repeat the musical constructs.

3.2
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Technical Research

Games were quite primitive in the birth of the industry. Simple, blocky,

yet interactive graphics displayed by the limited technology of those times.
Game sound even more so. The engineering side of video games has also
undergone signi cant changes. As video games are constantly increasing to
new heights of accomplishments so is the expectations of game audio. In the
early days, and still to be observed in many indie game productions, game
audio responsibility often ends up "in the hands of a solitary gure wearing
many hats" (Kastbauer, 2017). However, there has still been a increasing
need for creating diverse and varied soundscapes along with exible and
dynamic music systems.

Video games without any audio is nowadays a rare thing, but it is to
many a secondary element of games and is at times seen as just something
you wrap on afterwards. However, some studios have produced extraordi-
nary results with audio and music design, and with their achievements they
inspire studios that would usually not even expose themselves to the process
of audio design. This section presents some of the most notable audio design
achievements.

A game known for it's highly detailed approach to sound design is the
danish Playdead's game -Inside. Their approach to sound is much more
focused on the how the systems work together, rather than having a catchy
theme. Martin Stig Andersen (the Lead Sound Designer) describes their well
composed achievements as like playing in a band and "its not only because
of the game or the music, it's because of the way they works together"
(Andersen, 2016). He also mentions how the game "listens”, not to be
confused with microphone input, but rather listening to the actions in game
and having a nice collaboration between the sound engine and the game
engine by with callbacks. One example is the respawn of the player which is
not necessarily restarting music and ambiences, but rather executes a death
stinger-like sequence, followed by a call from the music to the game engine,
that its ready to respawn, so music and game feels within the same space and
not just a slap on. Another example is an elevator that needs to be timed
with a repetitive explosion, where the "speed of the elevator is actually
adjusted to hit the beat" (Andersen, 2016). Other notable mentions is that
the boy in Inside also has rhythmic breathing, di erent breath conditions
depending on if you're about to jump or push (Schmid, 2016), and the list
goes on.

Overwatch a recent product made by Blizzard, is known for having a
priority system that handles what sounds are important to the player, by
asking questions such as "Who is close by","Who is looking at me", etc. to
generate a threat level of what is important for the listener to pay attention
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to. This way they've accomplished to create a dynamic system mapped to
guestions and behaviour rather than e.g. simple ducking systems on sounds
vaguely classi ed as "important”.

Last of Us, a game developed by Naughty Dog, uses a similar technique
to generate direct audio cues on whether the player is in danger of being
discovered or seen. When the player is about to get discovered, a low noise
rumbling is slowly intensi ed indicating such and spoiling that you might
be in danger, like a sort of spider-man sense.

Threat levels can also be used in a musical context lik&ise of the Tomb
Raider who procedurally generated percussive instrument rhythms depend-
ing on enemy Al awareness and player actions (Jack Grillo, 2015). As the
music is linked up using MIDI ! all the system needs is the sample data from
the composer and the music can be completely controlled by behaviours and
systems instead of being xed layers, etc.

3.3
Music in Games

Unlike traditional linear media such as Ims, in video games it is inherently
uncertain when a particular thing happens that would pertain a change or
response in the music. While stories in interactive media can indeed be
linear, the interactive nature of games mean that the players are in control
of when the story will progress. The player can usually choose not to start
the next chain of dialogue, or stay exploring in an area for longer than
expected. Furthermore, an interesting phenomenon can be observed, further
distinguishing Im music from game music. In Ims, the music is not heard
by actors in the Im itself (assuming it is non-diegetic music), while in games
the player is an actor, which means that even though the game music might
be classi ed as non-diegetic (background music, source of emission is not
inside the game world), it can still in uence the game world, as the player
might choose to act upon what music is playing (Berndt and Hartmann,
2008).

3.3.1 Responsiveness

In games, feedback is crucial. Without feedback or reaction, there is no
interaction, and without interaction it is by de nition not a game. Similar

to how music carefully complements a scene in Ims, so is that result often
desired by game music designers. However, while in Ims every action and

Musical Instrument Digital Interface: A industry standard digital node format.
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event is known with precision down to a single frame, that is not the case
for games. This becomes a complicated matter if it is desired for the music
to react to the actions of the player with the purpose of providing feedback,

since music is a medium that needs time to evolve and transition from one
thing to another.

Berndt and Theisel (2008) support this claim:

"In the interactive context latency is another matter of im-
portance and a fundamental con ict arises: musical change pro-
cesses need a certain time (the longer the smoother). On the
other hand, big latencies are disadvantageous for interactivity,
hence, unwanted."

While Berndt and Theisel (2008) claim that the longer time a musical
segment has to transition, the smoother it will be (a claim that can de nitely
be supported), it is arguably possible to achieve smooth transitions through
other means, and without spending too long.

3.3.2 Game Music Methods

The inherent interactivity of games requires music for this medium to be
designed with this uncertainty and highly variable timeline in mind. Add in
that the musical reactions need to happen without too long latency, and it is
quickly apparent that constructing dynamic music for games requires a lot of
engineering. While there are many methods to aid composers designing mu-
sic for such dynamic environments, two of the most common basic strategies
are horizontal re-sequencingand vertical remixing (Phillips, 2014).

3.3.2.1 Horizontal Re-sequencing

Horizontal re-sequencing is the concept of rearranging modular pieces of
music dynamically, similar to the Musical Dice Game - a game where rolls

of dice determines which measure of music is played in which order, creating
new music pieces.

In practice, this technique requires the composer to split up music pieces
in smaller segments that can be dynamically rearranged and interchanged,
often backed by a logical system that takes musical decisions based on in-
formation from the game. The illustration seen in gure 3.1 attempts to
visualize how a music piece is split up into several parts, each with several
variations that can be selected randomly.
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Figure 3.1: lllustration of the concept of Horizontal Resequencing.

It is typical that the music does not have to follow a conventional struc-
ture such as the one depicted in gure 3.1. Instead, the music system might
select to go from bridge to verse, or verse directly to chorus, or even re-
peat the verse another time. Horizontal re-sequencing is often seen on a
higher level as well - following nite state machine (FSM) logic along with
the game code. For instance, the system might switch states fronkxplo-
ration to Combat, while in the combat state, there might be a sub-FSM that
switches between, for instance, phases of a boss- ght.

3.3.2.2 \Vertical Remixing
Vertical remixing is the concept of adjusting the levels of each part of a
musical track at runtime. This concept is illustrated in gure 3.2, where

a theoretical music track is exported in several layers, consisting of drums,
guitar, choir and synths.

Figure 3.2: lllustration of the concept of Vertical Remixing.

With vertical remixing, the mix of the track is usually adjusted during
gameplay, based on parameters controlled by game logic. A common exam-

21



ple is an Intensity parameter that re ects how intense the situation of the
player currently is. As the intensity rises, the music system can then enable
or disable, as well as adjust the volume of individual layers in each music
piece, in order to suit the current events in the game.

3.3.2.3 The Best of Both Worlds

In most practical scenarios, both horizontal and vertical remixing is used in
combination, or to di erent extents. Both techniques have each their pros
and cons, and allow di erent types of controls and responsiveness in context
with the game. Both allow for extensive variability to reduce repetitiveness

- and issue that stems from resource constraints. While a scene in a game
might be designed to take around 15 minutes to complete, the player might
be struggling with a certain puzzle, or just explore every little detail of
the world, causing his/her playthrough to last 45 minutes instead. As such,
music is usually composed with either both or one of these methods in mind,
in order to allow much more variability than otherwise. However, since it

is impossible, or at the very least too resource intensive, to produce an
in nite amount of music, it is impossible to be exempt from having to loop
segments. While there is a general consensus that looping music segments
can lead to music that is repetitive, leading to boredom (Eladhari et al.,
2006; Livingstone and Brown, 2005), clever usage of both vertical remixing
and horizontal resequencing can combat this, adding much more variety
than a simple static loop. This is important to diminish listening fatigue,

as well as to prevent the music from becoming an obtrusive element of the
game experience (Berndt et al., 2006).

3.3.2.4 Other Game Music Methods

Another approach to achieving highly dynamic music in games, and with
in nite variability, is through procedural generation. Procedural Content
Generation (PCG) has many facets, both useful and limiting. The main
advantage is that the music system can reach incredible heights of dynam-
icity and variability. This exibility has so far led some studies in the eld

of dynamic music in games to using PCG. As an example, Scirea et al.
(2014) explain in their research about musical foreshadowing of narrative
game experiences:

"[About doing their study without procedural music gener-
ation] ... we would have had to compose a number of di erent
scores, record a performance of them and then insert the result-
ing music pieces in our game. As you can see, this would have
been a time consuming and complicated e ort, considering that
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the events that trigger the music changes aren't scripted, but trig-
gered by the player.

While it is certainly an interesting and perfectly valid approach, one of
the main disadvantages with procedurally generated music is arguably that
it can still lack the personality and quality of careful and creative human
craftsmanship, which is why some still hold on to the human compaosition
element (Berndt et al., 2006), and for the sake of this study, so will we.

3.3.2.5 Industry Tools

As most game development studios that implement dynamic game music
value the quality of bespoke music design for their productions, a lot of
eort is put into achieving a homemade, yet exible music system. It is
usually necessary to employ certain tools that allow music designers who
are not experienced back-end programmers to be able to bring out their
visions of music design in the game experience.

While some studios spend resources assigning programmers to sit with
music designers and construct bespoke software, it has become increasingly
popular to license middle-ware solutions such as FMOD Studio (Fire ight
Technologies, 2015), Elias (AB, 2015) or Wwise Audiokinetic Wwise, 2015).
Such tools can aid music designers in implementing music in a exible way
that can be speci cally tailored for the desired e ect in-game. In the case of
the current study, and because of collaboration with Audiokinetic, Wwise
will be the sound engine of choice.
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Methods

This section presents the motivations behind the study, while de ning the
target group and discussing the implications of performing the current study
on the chosen platform. It will then describe the two test phases and the
general procedures.

4.1
About the Study

This academic research has as a primary goal to end up with results that
can be used in the game industry by audio professionals and music design-
ers in order to produce better, smarter and innovative game music systems
and implementations, hopefully yielding a better overall experience for the
end consumer. As such it is with great emphasis that we perform tests
in an environment that is comparable with industry productions, and not
merely a 'sterile' isolated academic environment that is deprived of other-
wise standard or common game elements. In other words, even though this
study focuses on providing information through the medium of music, it is
deemed vital to the viability and validity of the results that the problem is
investigated in an environment that includes 'the entire package' such as co-
herent graphics, visual e ects, game mechanics and aesthetics that connect
the game world as an entirety.

However, it is known from experience with previous research by the au-
thors how high uncertainty and variability there can be in performing tests
in such an environment. Furthermore, the scarcity of research on the partic-
ular problem of this study pertains an initially explorative approach, which
is why most tests will obtain a lot of qualitative data. However, there are
certain metrics useful for future analysis that can be captured as numbers
and events, allowing (to some extent) quantitative data analysis. All cap-
tured data will be thoroughly explained and presented in section 6.0.3.
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4.1.1 Target Group

As this study focuses on a problem that relates to design tools useful for
general game industry productions, the target group is also shared between
this study and the industry: gamers. In other words, we are interested in
gathering data from any gamer or individual who have played and/or plays
games. While there arguably might be notable di erences between player-
populations of di erent game genres, the explorative nature of this study
means that performances of players from any group are relevant to be able
to further target and pinpoint future topics of more in-depth research and
exploration.

4.1.2 Game development

Even though games in the end are considered a singular product, behind the
scenes it requires extensive planning and work from many widely di erent
elds of expertise. Video games rarely just ful Il one purpose but attempts

to please players over a variety of methods like creating interesting move-
ment, erce combat or inspiring soundscapes, appealing to many di erent
player types. This diverse collection of systems bring along unique chal-
lenges, as in the end, most systems usually need to react or converse with
one another, optimally reaching what's described by Kastbauer (2017) as
"passing values back and forth in an endless stream of dynamic interplay".
On those terms, game development requires extensive engineering in sev-
eral elds, as well as extensive optimization and testing to reach a product
that is reliable, performant and most importantly engaging. It is on that
basis that game development is tackled using a highly iterative production
method, and the game production that serves as a testing platform for this
study (WPAG, described in chapter 5) is no exception.

4.2
General Structure of Tests

The iterative production method pertains an iterative testing structure. As
the product reaches its rst testable state, the preliminary testing phase
can begin, with each test leading to a new iteration of production, until a
satisfactory level of quality for the production has been met, after which
the nal testing phase can begin. Figure 4.1 aims to visualize this method.
It should be noted that throughout the initial production phase, constant
internal testing is performed to evaluate stability, performance and other
measures that a ect the enjoyment of the players.
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Figure 4.1: General project structure. An iterative approach with preliminary
testing between production phases.

4.2.1 Preliminary Test Phase

The purpose of this phase is twofold - to get initial ideas about the feasibility
of the current study, as well as guiding further development of the product
that acts as the platform for testing the problem statement, aiming to reach
a state where the product itself will result in minimum possible biases for
the testing.

From each test in the preliminary test phase, a list of new design re-
qguirements will be established internally, including a list of bugs, glitches
and other issues that need to be xed before the next iteration. As these
lists can assume great lengths, they will not be presented in this report,
rather, condensed versions of changes to the game- or test design will be
presented where relevant in the test sections of chapter. Testing .

4.2.2 Final Test Phase

The aim of the nal test phase is to nally test the problem statement,
investigating whether music can successfully be used as the sole source of
information in the form of musical hints in an otherwise equal-chance ran-
domized quest.

The nal test phase will consist of several tests, presented in the following
list:

Online test : This test will not have observation and interview data,
however in-game metrics and questionnaire data will still be captured
for evaluation. A disadvantage of the online test is that it is impossible
to ensure that the participants will follow the given requirements (it

is necessary for them to as a minimum wear a headset or use speak-
ers while playing the game), however we try to ensure this through
reminders and questions in the post-playthrough questionnaire.

This test will be subdivided into 2 groups: one with musical hints, and
a control group without musical hints.
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Local test : This test will be identical to the Online test, except since
it is conducted locally we can enforce the participation requirements,
as well as observe the participants' playthroughs, and follow through
with a questionnaire. This means we will end up with the same data
as in the online test, with the addition of observation- and interview
notes.

This test will be subdivided into 2 groups: one with musical hints, and
a control group without musical hints.

Local Musical Hint Only test (Bonus) . Although the results of
this study targets game developers seeking to use music as an inte-
grated gameplay tool for player guidance, it is interesting to see if
there are notable di erences in the results of the test, if the partici-
pants are directly informed of the fact that music is essential in this
study. As such, it has been decided to conduct this bonus test, which
will be identical to the Local test, except for the di erence of the extra
info the participants will receive.

27



Design

As described in section4d. Methods , the format of this research is highly
iterative, meaning that there was a lot of steps to get to the nal design ,
however, this section will center around nal build and the steps of getting to
the nal product will be integrated as part of the testing iteration sections.

5.1
About the Game

As it has been decided to perform this research in an environment that is
realistically comparable to actual game industry productions, it is necessary
to design a game experience that feels complete to a certain extent. This is
where The Wwise Project Adventure Gamecomes to aid.

5.1.1 The Wwise Project Adventure Game

The Wwise Project Adventure Game(henceforth abbreviated WPAG, image
in gure 5.1) is the product of the authors' internship at Audiokinetic, cre-
ators of the game audio middleware solution Wwise Audiokinetic Wwise,
2015). Itis a third-person adventure game where the player plays as a young
adventuress that helps out the localWwizard® in a small town, cleansing the
world of an evil plague corrupting the local ora. A simple, linear story-
line takes the player through several di erent areas, facing di erent types of
enemies while collecting items on a quest-by-quest basis.

Wwizard is a wizard. It is a play on words, since Wwise (Wave Works Interactive
Sound Engine) is spelled with two w's.
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