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Abstract

Music in video games can affect both player behaviour and player experience, influ-
encing perceived tension, immersion, and enjoyment. Most research studying music’s
effect on player experience have focused on simple musical parameters, such as tempo,
yet less is known about the effect of emotional content on player behaviour and ex-
perience. In this paper, we examine to what degree players’ in-game behaviours and
player experiences are influenced by the emotional qualities of background music.
Our research showed that when participants listened to powerful music, there was
a significant increase in tension and risk-taking play-style choices when compared
to their behaviour listening to peaceful music. By furthering our understanding of
musical affect’s impact on perceived tension and play-style, we provide game de-
signers and composers with more agency in influencing player decision-making in
tense environments, specifically guiding players towards or away from risk-taking

behaviour.
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Chapter 1

Introduction

Since their conception, video games have been continuously growing as a form of con-
sumable media, making impressive strides in graphics, gameplay, and music. With
advancing technological capabilities, the limitations of what is possible in the realm
of video game music and sound design have transitioned from hardware and software
to the limits of one’s creativity. While the quality of sound has increased dramat-
ically over the years, so has the way in which it is utilized in video game design.
Music in video games is used to foreshadow events, trigger emotions in the player,
and manipulate player behaviour. Video game music is an integral part of a player’s
gaming experience, capable of affecting both their performance and immersion [2].
Yet, music is a complex phenomenon, and how it can affect the listener is far from
completely understood.

In movies and television, it is well-known that music affects the viewer’s emo-
tional state [3]. With video games’ additional layer of interactivity, music is also
capable of affecting in-game behaviour, play style and a player’s perception of events.
Adaptive music, for example, is music which changes speed, style, or instrumentation
in response to in-game events. Adaptive music is used to increase immersion and

enjoyment by modifying the background music to better match (be more congruent



with) the feeling game designers seek to invoke in the player at that time [4]. Games
such as Risk of Rain 2 (Hopoo Games) or Untitled Goose Game (House House) make
use of adaptive music to create a heightened sense of urgency in more action-based
in-game scenarios, as well as a peaceful feeling in more calm situations [5]. Music
manipulation techniques, like adaptive or procedural music, have been shown to im-
pact immersion and emotional affect, though there is little research pertaining to the
in-game behavioural effects, especially of the perceived affect (emotional content) of
the music.

While game designers have adapted music to in-game events, players’ reactions
to in-game music have not been widely used in game design. And, methods for how
in-game events could respond to players’ reactions to music are seemingly nonexis-
tent. The task of adapting gameplay to player behaviour is common in game design,
with approaches like adaptive game difficulty, which adapts game difficulty to player
performance, appearing in more recent games (e.g., the nemesis system in Shadow
of Mordor (Monolith Productions) [6]). However, in order to meaningfully adapt
gameplay to music, a greater understanding of music’s effect on player behaviour
and emotion must be developed.

To understand the extent to which background music can affect play-style and
experience, I conducted a study in which I measured the effect music has on in-game
risk-taking behaviour. In this user study (N=36), participants played two versions of
a game, with each gameplay session varying only by the background music. For one
gameplay session the background music was peaceful, while the second had powerful
music playing [7]. In addition to measuring in-game behaviour, there were also a
number of questionnaires completed after each play session, including the NASA Task
Load Index (TLX) [8], Intrinsic Motivation Index (IMI) [9], the Player Experience
Inventory (PXI) [10], and a custom questionnaire with music-related questions.

These questionnaires collected data describing enjoyment, perceived compe-



tence, demand, and other play-style metrics. I found that participants reported
enjoying powerful music more because of the increased congruency with the game-
play. My findings also show that when subject to powerful music, players not only
reported significantly higher pressure and tension but also showed an increase in both
performance —in terms of time taken— and risk-taking behaviour. These results lead
us to a number of discussion points on how my results and music can be leveraged
in game design to influence player tension, play-style, and highlight the complexities

related to studying and evaluating music in a complex task like video games.



Chapter 2

Related Work

Music can influence human behavior, with various studies demonstrating how music
and sound influence mood, actions, and perceptions in our everyday life [11,12,13].
In video games, music can also affect player behaviour, with variations in different
musical features altering performance and immersion, and musical presence affecting

risk-taking behaviour [14,15,16,17].

2.1 The Effect of Music

The connection between music and emotion is complicated and has been rigorously
explored in academic research [18]. Although its relationship is complex, it is clear
that music has a measurable and “affective impact on listeners” [19]. Beyond the
invocation of emotion, music can neurologically and physically impact listeners [20,
21], affecting brain areas related to motor processing and emotions [21]. Although
it may be common sense to assume music affects more than our auditory sensors,
these findings support further exploration into how specific musical features could
affect aspects of human behaviour. Such an understanding could allow musicians and
sound designers to help create a specific behavior or experience, such as in a movie,

video game, or concert. However, the potential effects of many musical features,



such as the emotional feel of a song, are not well understood.

2.2 Emotion in Music

Colloquially, music is often described with emotional adjectives, such as happy, sad,
or angry, depending on how a particular listener feels. These terms fall under ba-
sic emotion theory and can act as labels assigned to music by surveying numerous
listeners [22]. However, these simple and discrete models do not fully describe the
nuance of some music and more complex models have been created to capture the
emotional experience of music with more specificity, such as the Geneva Emotional
Music Scale (GEMS) [7]. GEMS itself has been used to classify a database of mu-
sic [23] to further validate and add depth to the model. In my work, I use the GEMS
database as a collection of music with known affect.

Emotional responses tied to music must be measured in order to provide sub-
stantiated emotional affect for songs. This is often done during or after listening to
a piece of music, and rating the song on dimensions that map to emotions. Some
examples of this include the valence and arousal model or word associations like
“pleasant” or “intense” [20]. These simple models have been used to connect specific
emotional effects to musical features, such as tempo. However, there appear to be
complex relationships between the many features that could describe music and the
emotional outcome, and a single musical feature, such as tempo or genre, may not
solely define the emotional response felt by a listener [24,25]. Another study by
Tsukamoto et al. rated popular video game songs by their pleasantness, excitability,
and valence [24]. They discovered that the emotional feature, while influenced by
tempo, cannot be solely attributed to tempo for video game songs. More relevant
to this study, however, they demonstrated that the “dimensional structure of the

emotion for game music is consistent with classical music”, suggesting that the role



of genre is less impactful than the emotional affect of the music. This then provides
a basis for the use of different genres of music to be used as game music without
detracting any impact on player experience. My study specifically looks at the ef-
fects of emotion in music, taken from the GEMS database [23], on player in-game

behavior and experience.

2.3 Musical Features

The classification of music’s emotional affect can be achieved through various means,
including valence and arousal, tempo, chord structure, or a combination of these
factors. While classification by valence and arousal is common in video game music
research, valence and arousal only give a broad explanation of a song’s emotional
impact on a listener and are better suited for determining which type of dimensional
model of emotion to use [26]. Similarly, while tempo can be a good indicator of
a song’s arousal and intensity, it does not provide enough information to predict
emotional affect or risk-taking behaviour on its own [27,28]. However, given its ease
of quantifiability and modifiability, the use of tempo as an independent variable is
common in video game music research [13,27]. The classification of different tempos
is most commonly dependent on a song’s bpm (beats per minute), which is a musical
descriptor for the speed of a song. Changes in the tempo of background music have
been shown to significantly alter player performance in games such as Tetris and
Super Mario 3D [15,29]. However, various factors can reduce the effect tempo may
have on performance, including prolonged exposure to a song, a song distracting
from the gameplay, or an increase in player skill [27].

Studies have also investigated how specific musical features can affect a listener’s
emotions. For example, changes in pitch direction, pitch register and volume could

change the listener’s perceived tension [30]. In that same study investigating mu-



sical features, however, tempo was not found to significantly change the listener’s
perceived tension. In contrast, other studies have found tempo is linked to ten-
sion [31]. Thus, the effects of tempo are not fully understood and may be related to
other factors, such as the volume of the beat or the instruments creating it [30]. This
body of work demonstrates that basic musical features can affect emotional states,
such as tension, though the mechanisms are not fully understood and require further
research.

Music’s adaptability and interactivity can also change player affect. In particu-
lar, musical tension correlates to gameplay tension. Further, the emotional congru-
ency between music and gameplay, as well as increased perceived tension, can create
a more enjoyable experience for the player [19]. Increases in tension and enjoyment,
as a result of congruency between the musical, emotional qualities and gameplay,
may also increase immersion in an experience [32], as immersive gaming experience

seems to always be enjoyed by the player [33].

2.4 Immersion

Music can affect listeners’ emotional responses, and subsequently affect immersion
and behavior [16,24,34]. Immersion is not easily quantifiable, and multiple frame-
works for measurement exist [32, 35,36, 37], with immersion sometimes even being
represented as a simple binary state (i.e, one is either immersed or they are not) [16].
Immersion can be linked to a number of features like graphical fidelity, audio, and
mechanics and how those align with a player’s projection of the world and possi-
bly expectations [38]. Immersion has also been tied to player behavior and perfor-
mance [39,40]. Thus, music and its emotional features play a part in immersion, but

exactly how much is still unclear.



2.5 Effects of Music in Video Games

The emotional content of music can affect immersion [16,24,34], while immersion can
affect performance and perception [39,40]. Additionally, immersion and performance
have been linked to player behaviour and enjoyment [2,41]. This complex relationship
can further be affected by other factors, such as a player’s knowledge of the game [15].
Despite these links, the study of how background music in video games can affect the
performance of a player has been largely limited to changes in tempo, tension, and
performance [27]. However, some work has also looked at other behavioral changes
due to the presence of music, such as risk-taking behaviors and decision-making.
Assuming no prior knowledge of a game, musical presence has been shown to affect
risk-taking behaviour in games, significantly reducing risk-taking behaviour when
music was present, regardless of affect [28]. In a similar research article by Klimmt
et al., two studies demonstrated how the presence of music in video games can affect
both a player’s enjoyment of a game, as well as the impact of music on a player’s
horror experience [42]. Thus, the presence of music can affect player behavior, but
exactly how most musical features factor into this effect is not yet explored.

I built off this prior work, investigating how musical affect can impact player
behavior, performance, and experience. I took music with validated emotions from
the GEMS database and used it as background music in a video game. I measured
how players make moment-to-moment decisions, how they experience and are im-
mersed in the game, and how they perform based on the music they are listening to.
My results aim to provide an improved understanding of how the emotional content
in music can be used to create certain game experiences, both for future game design

and research into how music can affect player experience.



Chapter 3

Evaluation Method

I explore the extent to which the affect of video game music can impact player
behavior and experience. In a within-subject study, I asked participants to play a
game in which risk-taking behaviour would affect their performance in the game.
I selected background music with different emotional classifications (peaceful and

powerful) and measured changes in player behaviour, experience, and immersion.

3.1 Background Music Selection

To select music with a specificity that accurately captures its emotional impact on
players, I used the GEMS database [7] as my source of music and verified emotional
labels. From the GEMS database [23], I selected music with emotional labels that I
believed would likely produce a difference in player risk-taking behavior. The terms
used in the GEMS scale are divided into three factors, with more specific terms being
introduced in the lower order factors [7]. For this study, I selected music based on
scores in first-order factors Peacefulness and Power, which I reasoned could lead to

more or less aggressive player behaviors in the game.



3.1.1 Pilot Study

In order to validate if the songs I selected were noticeably different, and understand
if one genre of music may be more effective than another, I conducted a brief pilot
study.

A dataset of music rated using GEMS was selected for this study [23]. This
dataset contained 100 sixty-second song excerpts from four genres of music: pop,
classical, electronic, and rock. Pop and rock would not be considered for this study
based on my subjective perception of the lack of congruence with the Redline game-
play, as well as a lack of related video game studies utilizing these genres. Each
row of this dataset represented a participant’s rating of a song. Participants would
rate a song by selecting true or false as to whether a song could be described by
the following adjectives: amazement, solemnity, peacefulness, nostalgia, calmness,
power, joyful activation, tension, and sadness.

From this dataset, I chose five classical and electronic songs, which scored high in
power and low in peacefulness, and five songs that scored high in peacefulness and low
in power. Short sixty-second clips from these songs were provided to 15 participants,
who ranked each group of songs from most to least peaceful and powerful. None of
the participants had listened to any of the songs selected prior to this study. The
most peaceful and powerful songs were then selected to be used in the experiment.
These were Eye Heart Knot by General Fuzz, and Unknown Quantity by Mr Gelatine

respectively.

3.2 Apparatus

Redline is a 3D, web-based, voxel-styled, top-down firefighting game developed in
Unity 5.6 using WebGL developed by Wuertz et al. [1]. It has been previously used in

a study researching the behavioural effects manipulating the health bar can have on
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player risk-taking behavior. Players work through a series of levels where they must
put out several fires in a building. The layout of the building is always the same, but
the position and number of fires can vary. The fires slowly spread if uncontrolled and
damage the player the closer they are to the center of the fires. The player can move
freely in the space and spray water on the fire, which reduces its intensity until the
fire is ultimately put out. The game is made so that spraying water on the core of the
fire will put it out faster but puts the player in danger. On the other hand, staying
too far away and putting the fire out slowly can result in the fire spreading faster
than the player can put it out. Thus, a certain amount of risk-taking is encouraged
and will help finish a level more quickly. The game is balanced however, so that
risk-taking behavior is not required. Level difficulty is defined by the number of fires

present, as well as the intensity of the fires (Redline is introduced in [1]).

3.2.1 DModifications to the original game

Given Redline was originally created to study the effects of different types of health
bars on gameplay, the study design and game itself were modified in order to be used
for this experiment. The health bar type was set to be linear for all levels rather
than alternating as in the original design [1]. A linear health bar in this case, is one
where damage taken correlates directly to the amount of health displayed on screen.
As a result, rather than recording which health bar was being used, the type of music
being listened to was recorded instead. Further, instead of the health bar-related
questions from the original experiment, similar music-related questions were asked
instead. Finally, in addition to the IMI [9] and NASA TLX [8] questionnaires, my
study also included the PXI questionnaire [10]. This was included to measure more
game-related variables such as challenge, mastery, and audiovisual appeal.

The original game was created without any sound effects or music, and so was

not equipped to play any sound. It was therefore necessary to implement a sound

11



system in the project that would communicate with the servers handling data log-
ging on the back end. This involved adding additional infrastructure to facilitate
starting and stopping the music, ensuring the correct music was playing, depending
on the participant’s assigned condition, and logging any additional music data such
as volume. Additional telemetry such as button presses, distance traveled, and water
sprayed were also added to the game. All three were added with the intention of

better capturing potential indicators of risk-taking behaviour in general.

3.2.2 Music Volume

Measures to control music loudness were considered, as it has been previously shown
to have an impact on tension [30]. The entire study was conducted remotely, so
there were no direct means of monitoring participants’ game volume since volume
levels are not consistent across different computers and headsets. As a result, an
additional screen was implemented before participants would enter into either the
each gameplay session with music (see Figure 3.1). The music for that gameplay
session would begin playing as soon as the screen appeared, prompting players to
adjust the slider on the screen until they felt satisfied the volume of the music was
at a comfortable level. The volume slider was implemented using a logarithmic
scale to emulate standard volume sliders that match human hearing [43], with the
minimum possible volume still playing sound in order to prevent participants from
muting the music entirely. While it was beyond my control to prevent participants
from adjusting their device volume, this was accounted for in the post-experiment
interview, where participants were asked to describe their experience listening to

each song.
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Sound Calibration
' '

Move the slider until the music is audible
and playing at a comfortable volume

L . ———

Continue

Figure 3.1: Screenshot of the sound calibration page from Redline.

3.3 Participants

I recruited N=36 participants for this study, with ages ranging from 18-29 (mean=23,
SD=3.156). Participants who took part in the pilot study were excluded from the
selection process for this group of participants, as they had already been exposed
to the music selected. All the participants reported having previously played video
games on either PC or console, however, no participants had prior experience with
Redline [1]. 30 of the 36 participants were students recruited from my local institu-

tion via my local computer science faculty’s mailing list.

3.4 Measurements

I collected a number of demographic measurements, including potential biases to-

ward risk-taking behavior, using the Barratt Impulsiveness Scale and the Behavioural
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Inhibition System/Behavioural Activation System (BIS/BAS). These questionnaires
measure people’s willingness to engage in activities they think will benefit them,
regardless of risk, and how much they tend to avoid risk-taking behaviour. These
questionnaires enable us to understand if the music in Redline is encouraging risk-
taking behaviour, or simply because the people themselves are more open to taking
risks. Further demographics information collected included data such as age, hand-

edness, gender, marital status, and previous gaming experience (see A.6).

3.4.1 Player Behaviour

To measure player behavior, I logged a number of metrics related to performance and
risk throughout the gameplay sessions. I particularly wanted to capture behaviors
that may indicate a player felt more tension or was engaging in more dangerous
activities in the game. For each level completed, I collected time taken, damage
taken, water sprayed, distance travelled, number of fires in proximity, the average
intensity of the fires in proximity, number of button presses (WASD keys used to
control movement), and whether each level was won or lost. With the exception of
successfully completing a level and the average intensity of fires in proximity, each of
these data points increases with time taken, and was therefore normalized using time

spent on each level. To describe in more detail some of the data points recorded:

e Water sprayed is a measure of how much time was spent holding down the left

mouse button.

e Number of button presses is the number of times any of the WASD keys were

pressed and released to move the character.

e Number of fires in proximity is a count of how many fires are close enough to

the player at any moment to deal damage.

14



e Average fire intensity: Red fires have a higher intensity than gray fires, and

being close to them will contribute accordingly.

e A loss can be either a death (running out of HP) or a timeout (each level had

a maximum time to be completed).

3.4.2 Player Experience

To measure player experience, I distributed a number of post-condition question-
naires. These included the Player Experience Inventory (PXI) as a direct measure
of player experience [10], the NASA Task Load Index (TLX) [8] as a measure of
overall stress and workload from the game, and the Intrinsic Motivation Inventory
(IMI) as a measure of enjoyment, tension, competence, and value [9]. While some
overlap exists between these scales, they provide a broad look at metrics relative to
behaviour and experience that could be influenced by musical affect (see Chapter 2).

The in-game data was used to measure performance and behavior while the
questionnaires were used to measure player experience metrics such as tension and
enjoyment. I also created a number of questions to check participants’ perceptions
of the music I introduced. These included questions related to the general awareness
of the music, its effect on performance, perception of the tone and speed, enjoyment,
and whether they found the music distracting. In the post-experiment interview,
participants were asked to describe their experience playing with both music types,
as well as specific questions regarding the effect of the music on their energy, mood,

and perceived performance.

3.5 Procedure

The study was performed remotely, and each session began with a video call to brief

the participants on the general procedure of the experiment and ensure they had all

15



the necessary equipment, such as a mouse, keyboard, and headphones to use during
the study. Participants were informed of when they would be allowed to take a
break should they need it (i.e., between conditions) and were given only necessary
information regarding the purpose of the experiment, omitting details regarding what
music would be listened to and what data was being measured. I also instructed
participants to complete the study in a single session and in a quiet place where they
would not be interrupted. Participants would then leave the call and complete the
experiment individually.

The experiment began with informed consent and several questionnaires, includ-
ing the Barratt Impulsiveness Scale, the Behavioural Inhibition System/Behavioural
Activation System (BIS/BAS), a demographics questionnaire, and a questionnaire
regarding previous gaming experience. Following this, the participants would be
shown a sequence of images explaining the controls and goal of the game (see Fig-

ures 3.2 and 3.3 to 3.6).
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Figure 3.2: Screen displayed before entering into each gameplay session of the game
Redline. This screen is to remind players of the controls and objectives in case they
may have forgotten.
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Figure 3.3: A screenshot of the first tutorial screen displayed before the game has
begun.
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Figure 3.4: A screenshot of the second tutorial screen.
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Figure 3.5: A screenshot of the third tutorial screen.
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Figure 3.6: A screenshot of the fourth and final tutorial screen.

After the game loaded (see Figures 3.7 and 3.8), the participants were then
tasked with completing 7 training levels, with each subsequent level increasing in
difficulty. These training levels were introduced in order to establish a base skill
level, and mitigate learning effects through the following two gameplay sessions.
After all 7 training levels were complete, Participants then underwent a calibration
phase where the game would play a sound (see Figure 3.1), and participants would

adjust the in-game volume until the sound was audible. Participants would then
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begin the first gameplay session of 8 levels, all of which were designed to be more
difficult than the training levels (see Figure 3.10). The order of the condition (music
type) was counterbalanced across participants, being either peaceful or powerful for

the first & levels.

Figure 3.7: Screenshot of the start page in Redline. This page is immediately shown
after the game has loaded.
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Setting up game

Figure 3.8: Loading screen from the game Redline.

Countdown: 109

Figure 3.9: Gameplay screen of Redline. The firefighter’s helmet can be seen from a
bird’s eye view spraying water (blue). The interface components include the health
bar (above the player), the mini-map (lower-left corner), and the count-down timer
(lower-right corner) [1].
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Countdown: 108

Figure 3.10: A second screenshot of Redline showing a more difficult level with more
fires (see Figure 3.9 for a description of the visible components).

After the first gameplay session (see Figure 3.11), the music would stop, and
participants would complete the experiential questionnaires (IMI, PXI, TLX, and
music questions, see Section 3.4.2). This brief interlude between gameplay sessions
provided a respite from gameplay as well as the opportunity for any potential lasting
effects from the music to subside. The second gameplay session contained the same
levels in the same order, followed again by the same questionnaires, but with the
other type of music. At the end of the study, participants were asked to provide
any final comments or questions they had before joining a final video call for a
post-experiment interview. Participants were offered a $10 Amazon gift card as a

thank-you.
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Finished round 1 out of 8

You put out the fire!
Not bad for a rookie!

Next Level

Figure 3.11: A screenshot of the screen displayed when a level is completed in Red-
line.

To avoid issues found in related work on how longer gameplay sessions or skill
increases could reduce the effect of music [27], the study length was designed such
that players would typically only hear a song repeated 2 or 3 times. Additionally,
the set of training levels played prior to the experimental conditions had no music.
This was to help ensure that skill improvement would slow during the experimental
conditions and before music was introduced.

With regards to ethics in this study, participants were informed that the game
they would play involved firefighting and they were free to withdraw from the study
at any point should they choose to. Should they choose to withdraw, the participants
would still receive the same remuneration. In the consent form (see A.1 and A.2),
participants were also informed that their anonymity would be retained and that they
had the right to withdraw their data from the study at any point. My experiment

methodology was approved by my institution’s Research Ethics Board.
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Chapter 4

Results

In 4 cases, participants’ data were eliminated for the following reasons: two partici-
pants’ systems logged the data incorrectly; one participant took an extended break
during a gameplay session; one participant did not understand the controls, resulting
in an improper use of the mouse. This left 32 participants’ data for analysis.

I measured both quantitative and qualitative data in this study, with qualitative
data coming from a post-experiment interview. I use qualitative data in the Discus-
sion (see Chapter 5) to provide insight and support my reasoning for the trends

observed in the quantitative data.

4.1 Main Findings

To compare the results of the two conditions for my main performance measures,
I first checked for normality with the Shapiro-Wilk test. Normal data were tested
with the Student’s t-test, and non-normal data used the Wilcoxon signed-rank test. I
found a significant effect of musical affect on time taken (p=0.043, t=2.107, d=0.37),
with players taking longer to complete the levels with peaceful music (see Figure 4.1).
I additionally found (non-significant) trends for water sprayed (p=0.062, t=1.173,

d=.38) and a number of fires in proximity (p=0.057, Hodges-Lehmann=129.0, d=-
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A407; see Figure 4.2). Fires in proximity trended towards being larger for powerful
music, while water sprayed trended towards being larger for peaceful music. I present
these trends for explanatory purposes (see Chapter 5). Other performance measures

were non-significant (see Table 4.1).
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Figure 4.1: Boxplot of the mean time taken per level (in seconds) for peaceful music
(left) and powerful music (right). The whiskers represent standard error.

Water Sprayed Fires in Proximity

m Peaceful m Powerful m Peaceful m Powerful

Figure 4.2: Bar Charts of the two trends from the results, water sprayed and fires in
proximity. The y-axis for water sprayed represents the total amount of time spent
spraying water, with 1 being the entire time. The y-axis for fires in proximity is
the mean number of fires in close proximity to the player throughout each gameplay
session.

Performing Pearson correlation regression tests, I found several significant corre-
lations between in-game metrics. Beginning with peaceful music, time and distance
travelled had a strong negative correlation (r=-0.741, p<.001), as did victories and

time (r=-0.685, p<.001); see Figure 4.3), while average fire intensity and time showed
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a positive correlation (r=0.67, p<.001). As expected, average intensity and num-
ber of fires in proximity correlated strongly as well (r=0.691, p<.001). Finally, the
number of victories and average fire intensity had a strong negative correlation coeffi-
cient (r=-0.970, p<.001), as did victories and number of fires in proximity (r=-0.703,
p<.001). For powerful music, the correlation between time and distance was weaker
(r=-0.570, p<.001), as was average fire intensity and time (r=0.504, p=.003). The
correlations between fires in proximity and victories (r=-0.866, p<.001) as well as
fires in proximity and average fire intensity (r=0.811, p<.001) were both stronger
than those for peaceful music. Finally, average fire intensity and victories had a

strong negative correlation (r=-0.950, p<.001).

Normalized Units

Participant
Em Average Intensity of Fires I Distance
s Time  eessseens Linear (Average Intensity of Fires)
--------- Linear (Distance) ceeeeeeee Linear (Time)

Figure 4.3: Column chart showing peaceful data trend lines between average time
per level, the average intensity of fires, and average distance traveled, normalized for
visualization purposes.

From the IMI questionnaire, I found a significant effect of musical affect on
tension (p=0.045, t=-.739, d=-0.370), with powerful music yielding higher tension.
All other experiential measures from the IMI (see Figure 4.4), NASA TLX (see
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Condition Time Taken Fires in Water Distance

(seconds) Proximity Sprayed Travelled
Peaceful 455.2 0.0143 0.8328 1.5404
Powerful 414.7 0.0203 0.8241 1.5697

Table 4.1: Table showing the mean of in-game data collected for peaceful and pow-
erful music.

Figure 4.5), and PXI (see Figure 4.6) were non-significant.

IMI

Enjoyment Competence Effort Tension

w

N

w

N

[EY
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Figure 4.4: Bar Chart of the mean agreement with different dimensions in the IMI
questionnaire for both peaceful and powerful music. Dimensions include Enjoyment,
Competence, Effort, and Tension on the x-axis. Strongly agree = 7, Neutral = 4,
Strongly disagree = 1.
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NASA TLX
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Figure 4.5: Bar Chart of the responses to the NASA TLX questionnaire for powerful
and peaceful music. With Effort, Frustration, Mental Demand, Temporal Demand,
Physical Demand, and Performance Demand on the x-axis. Each response was rated
on a 100-point scale, with higher ratings indicating that dimension was more present.
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PXI
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Figure 4.6: Bar Chart of the mean response to the dimensions of the PXI question-
naire. PXI dimensions include Meaning, Curiosity, Mastery, Autonomy, Immersion,
Progress Feedback, Audiovisual Appeal, Challenge, Ease of Control, Clarity of Goals,
and Enjoyment on the x-axis. Strongly agree = 7, Neutral = 4, Strongly disagree =
1.

Of the custom music questions, 4 showed significant results. These questions

were:
e 1) “I did not notice the background music.”
e 2) “The music helped me achieve my goal in the game.”
e 5) “I found the music’s tone did not match the gameplay.”
e () “I found the speed of the music did not match the gameplay.”

For question 1 (p<.001, Hodges-Lehmann=171.0, d=.629), participants reported
they were not aware of the peaceful music significantly more than the powerful mu-
sic, and yet for question 5 (p<.001, Hodges-Lehmann=442.5, d=.784) and question 6

(p<.001, Hodges-Lehmann=404.5, d=.740), participants felt the peaceful music was
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Peaceful Powerful
M(SD) M(SD) p

1. T did not notice the background music 2.19 (1.538) 1.56 (0.98) 0.011
2. I did not notice the background music. 3.59 (1.60) 4.31(1.79) 0.033
3. I was aware of my music’s effect on my playing 4.75 (1.67) 5.13 (1.76) 0.261
4. T found the music helped me to perform better in the game 4.0 (1.67) 4.63 (1.64) 0.143
5. I found the music’s tone did not match the gameplay 5.5 (1.72) 2.88(1.66) 0.001
6. I found the speed of the music did not match the gameplay 5.22 (1.84) 2.97 (1.66) 0.001
7. I found the music distracting 3.19 (1.79) 2.75 (1.62) 0.211
8. I enjoyed the music 5.29 (1.76) 5.16 (1.63) 0.804

Table 4.2: Mean and standard deviation by health bar item and p-values from
Wilcoxon signed-rank tests.

much less congruent with the gameplay. Additionally, participants reported that
the powerful music helped them achieve their goal in the game (p=.03, t=-2.154,

d=-.493). For the full list of questions, see Table 4.2.

4.1.1 Order and Covariate Effects

In order to check if there were learning effects due to the within-participants na-
ture of the study, as well as effects of predictors of risk-taking behavior, I per-
formed a repeated-measures ANOVA for the major measures with condition order
as a between-subjects variable and risk-taking tendencies as covariates. I found a
main effect for the BIS scale for predicting the number of fires in proximity (p=.042,
F120=4.51, n®=.14). To find the direction of the effect, I performed a Pearson cor-
relation, which showed that lower BIS (inhibition from risky behaviors) correlated
with more fires being in proximity, on average (p=.036, r=-.37). All other main
effects of BIS/BAS scales on other metrics were non-significant (see Figure 4.8) All

findings from the Barratt Impulsiveness Scale were also non-significant (see Figure

A7),
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Barratt Impulsiveness Scale

4
3
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Attention Cognitive Motor Perserverance Self Control Cognitive
Instability Complexity

Figure 4.7: Bar chart displaying participants’ mean agreement with the different
dimensions of the Barratt Impulsiveness Scale questionnaire. Always = 4, Rarely =
3, Almost Always = 2, Never = 1.

BIS/BAS

- N w

Figure 4.8: Bar chart showing participants’ mean response to the dimensions of the
BIS/BAS questionnaire. Very true for me = 4, Somewhat true for me = 3, Somewhat
false for me = 2, Very false for me = 1.
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I found no main effects of condition order on my measures and two interac-
tion effects. T found an interaction effect between musical affect and time (p=.04,
F120=4.62, n*=.04). Bonferroni corrected posthoc tests found participants took
longer with the peaceful music when it was played before powerful music (p=.026,
t=-3.09). I also found an interaction effect between musical affect and average dis-
tance to a fire (p<.01, Fy 99=11.7, n?=.03). Bonferroni corrected posthoc tests found
participants kept more distance from fires during the powerful condition when it was
second (p<.01, t=-3.66), which suggests a carryover effect of peaceful music on be-

haviour to the powerful condition.

4.2 Qualitative Data

The post-experiment interview yielded many qualitative results related to the dif-
ferences between the two types of music. When asked to describe their overall ex-
perience in the experiment, three participants mentioned feeling anxious or stressed
when listening to the powerful music, while four participants mentioned feeling calm
or relaxed when playing with the peaceful music. This coincides with the expected
induced emotion for each type of music. 26 of the 36 participants noted their en-
joyment, or lack thereof, for one music or the other, with a majority attributing
their lack of enjoyment to congruency with the gameplay. Of the 26 participants, 16
preferred listening to the powerful music.
When questioned about how they felt going into the questionnaires post-gameplay,

22 participants’ noted that they felt the powerful music had a lasting effect that wore
off sometime after starting the questionnaires, while only 3 participants noted any
lasting effect from the peaceful music. 11 participants had comments regarding a lack
of challenge when playing, with several describing the gameplay as very predictable

and easy to beat after a working strategy was developed.
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Chapter 5

Discussion

The results of my study provide the following 7 main findings:
e Powerful music increased experienced tension during play.
e Players completed levels faster with powerful music.

e Players noticed powerful music more but felt the peaceful music did not match

the tone or speed of gameplay.

e Players felt that the powerful music helped them achieve their goals in the

game.

e Players who played with peaceful music first displayed less risk-taking be-
haviour and were slower to complete levels when they played with powerful

music later on.
e Players’ pre-existing inhibition predicted their risk-taking behaviour.

e [ did not find evidence that the background music used affects other aspects

of play experience (as measured by PXI and IMI).

Overall, my results align with much of the predicted effects I expected to see,

most notably that musical affect can have an effect on player behaviour. Critically,
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when gameplay was coupled with powerful music, participants took less time to
complete game levels. This is coupled with my findings that powerful music was
noticed more than peaceful music, and when powerful music was present, players
felt more tension. Players also felt that the powerful music matched the speed and
tone of the game better than peaceful music, and helped them achieve their goals
better in the game. As predicted, together these results indicate that the powerful
music influenced players toward increased risk-taking behaviour.

In order to complete a level faster in Redline, the optimal strategy is to place
your character in harm’s way and put out the more intense fires first since they spread
the fastest. Players ‘felt’ the music and that influenced them towards riskier but
arguably more effective behaviour (completing levels faster). This notion is further
supported by the non-significant trends I observed in player behaviour, where players
tended to be closer to the fires on average with powerful music. While this result
is a non-significant effect (perhaps because of the inherent variation in overall play
styles), it does align with the rest of the results, as taking a risk and getting closer
to fires is how levels are completed more quickly in the game.

The other trend from my results was a lower water sprayed for powerful music.
The intuitive thought process may be that seeing more water sprayed correlates with
putting out more fires, which could indicate riskier behaviour. However, given my
results show that participants placed themselves nearer to fires on average during
the powerful music session, the expected increase in damage taken may require par-
ticipants to back away from the fires in order to regenerate health. This behaviour
would therefore decrease water sprayed for powerful music. Additionally, for many
levels, fires were positioned on different ends of the map. Therefore, as performance
increases, the ratio between the time taken to travel from one fire to the other over
the time taken to complete the level would be larger. This would also indicate a

lower water sprayed for riskier playstyles, as supported by the trend of lower water
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sprayed for powerful music.

The fact that these results arose where the only marker of play experience
affected was a difference in experienced “tension”, could be considered a good thing.
I did not observe any significant results in the IMI and PXI questionnaires, despite
the fact that music clearly had an influence on player behaviour and experience.
There could be two ways to interpret this. First, it could suggest that these widely
used questionnaires, used for capturing aspects of play experience, do not capture
the experiences induced by video game music during play. Second, the music tested
only created a change in tension. In any case, my findings suggest that music, while
widely used in games, has a poorly understood role in experience and behaviour that
could be better explored, quantified, and understood.

The correlation data from my analysis provides support for my predicted be-
haviour and play-style. There was a strong negative correlation between victories
and average fire intensity, which makes sense given players who failed to complete
a level would have failed to contain the fires, resulting in more high-intensity fires.
The strong negative correlation between time and distance travelled further supports
my explanation of optimal strategy. Players putting out fires quickly would be mov-
ing constantly, resulting in a higher distance travelled and a lower time per level.
Finally, I found that the correlation between fires in proximity and victories, and
fires in proximity and average fire intensity, were both stronger for powerful music.
This further supports my findings on risk-taking behaviour, as I hypothesized that
participants playing under the powerful condition would spend more time closer to

intense fires.
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5.1 Why were there differences between peaceful
and powerful music?

Powerful music yielded both higher perceived tension, a significant decrease in time
taken, and a higher perceived congruency between music and the game in comparison
to peaceful music. While the increased tension for powerful music was an expected
result, some prior work suggests I should have seen a higher enjoyment rating due
to the increased congruency and tension as well [19], which was not supported in
the data. This disparity with prior work may be due to factors such as preference
in music, genre, or participant perception of challenge. As flow theory suggests,
enjoyment is strongly dependent on challenge in games [32]. The repetitive and
linear nature of Redline’s gameplay and level design did not pose a challenge, as
reported by most participants in the post-experiment interview, which could explain
the negligible difference in enjoyment, regardless of tension, on music congruency.
Thus, the results do not necessarily disagree with prior findings but highlight how
design-related to game experience needs to be studied and considered holistically
when reasoning about results. Regardless, further study is needed to clarify the

relationship between music congruency and enjoyment.

5.2 What was the effect of peaceful music?

The results show an interaction effect between condition order and time taken, with
peaceful taking more time when it was the first condition. Additionally, there was
an interaction effect with order and distance to fires, with powerful music resulting
in farther distance when second. These interactions suggest that as peaceful music
was observed to slow down completion times overall, that these behaviors may have

a lasting emotional effect. Alternatively, it could encourage certain behaviors that,
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once learned, continue in the following play sessions. Such behaviors could manifest
as, for example, a larger distance from fires in following conditions, as I observed.
While I only saw a few smaller order effects, they highlight that musical affect may
have effects that carry on, even across a longer time as participants still had a break
for questionnaires in between conditions. Additionally, from the qualitative data, 22
participants’ noted that they felt the powerful music had a lasting effect that wore
off sometime after starting the questionnaires, while only 3 participants noted any
lasting effect from the peaceful music. This suggests that, though there is a significant
interaction effect on the distance to fires when peaceful music is first, participants’
perception is that powerful music had a stronger effect on their behaviour and, as

many participants mentioned, their “energy level”.

5.3 Implications for game designers

The results from my study suggest many implications for game designers and game
composers alike. While it may be intuitive that songs one could describe as tense
would incite tension in the listener, my work demonstrates that other descriptors
such as powerful could have the same, or similar, effects on perceived tension. Thus,
music with a different emotional label can still create similar tension and enjoyment,
suggesting game designers have more options to manipulate player experience and
to achieve certain effects with music, at least for creating high-pressure environ-
ments. Another potential implication of my results is that players in more tense
environments will adopt a more risky strategy without noticeably jeopardizing their
character’s survival. This is shown by both the trend of lower water sprayed, and a
consistent number of victories between conditions, suggesting players backed away
from fires more often with higher tension, which is a strategy I reasoned earlier in

the discussion that could have explained the observed significant difference in time
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completion.

While difficult to attribute to either the heightened congruency or the increase
in tension, powerful music in this study did have a positive effect on performance in
terms of completion time. In the post-experiment interviews conducted, over half of
the participants also reported heightened energy lasting up to several minutes into
the questionnaire portion after the powerful music condition —after the gameplay
session had already ended and the music stopped. This is further supported by the
interaction effects that imply some effects of music in games could last even after the
music has stopped or changed. In that way, designers could similarly utilize peaceful
music to slow down gameplay and reduce a player’s energy level.

Most previous studies have either adopted the music from an existing game for
their study or used classical music. My study used music classified as electronic,
with no acoustic instrumentation, and yet managed to affect player behavior and
experience in similar ways to prior studies (e.g., change in perceived tension, behavior
due to music tempo but with classical music [14,22,31]). This demonstrates that
genre and instrumentation may not play a dominant role in affecting player affect
compared to emotional labels describing a piece of music. Game composers can use
this knowledge to focus less on fitting into a genre and more on creating a specific
feeling from a song. While this study focuses on creating a more or less energetic
and tense feeling with peaceful and powerful music, music can be used in various
ways in game design. Designers could purposely use musical congruency to create
a less enjoyable experience for the player so they will leave an area or give up on a

level sooner.
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5.4 Implications for music in games

In recent years, music in video games has been moving away from static music and
more towards adaptive music, where contextually appropriate [44]. With adaptive
music, it can become increasingly difficult to define a song by single or multiple
emotional labels, as the music may change and flow to match the environment. As
such, it may be that more complex and continuous models for modeling the affect
of music may be in order. Despite only using static music, my findings do have
implications for adaptive music in games, as the affective changes in music could
not only be responses to in-game environments but also observed changes in play
style. Moreover, a designer could adapt their music to one categorized by different
emotions, potentially directing users to different types of behaviors. Much like how
game difficulty adapts to performance in some games, with this work, and future
work to come, music could adapt to play-style, further enriching player experience.

With the presence of adaptive music and procedural music growing steadily in
recent years, it stands to reason the opposite effect of gameplay affecting music may
have some virtue. We can already see evidence of where this could be implemented in
design features such as adaptive game difficulty or the nemesis system from Shadow
of Mordor [6], which adapts to gameplay depending on player behaviour. Adaptive
game difficulty modifies the game’s difficulty based on player performance, and the
nemesis system modifies enemy characters’ dialogue and appearance based on previ-
ous interactions with that character. Combining systems like these, which measure
telemetry such as performance, with music that meaningfully adapts to gameplay
would allow game designers to create even more emotionally evocative and complex

games.
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5.5 What do the results about music congruency
raise?

Another result of my findings related to congruency was question 5 of the music
questionnaire, in which there was a significant difference in the perceived speed of
the songs. In the post-experiment interviews, participants reported that the peaceful
music was “too slow” and “did not match the gameplay”. The peaceful music had
a bpm of 91 and the powerful music had a bpm of 83, which suggests that either
the emotional affect of a song or its congruency with gameplay may influence the
listener’s perception of its speed. Further, this raises interesting questions about
previous work in video game music that manipulated tempo since my work finds that
largely similar tempos still led to large differences in behaviour. Thus, it could be that
tempo is a poor indicator of the effect music has on behaviour and play experience,
and that the other interrelated qualities that have been labelled as musical affect are
more useful. For example, did certain previous works select a high-tempo song that
just happened to be powerful and a low-tempo song that was peaceful? My findings
provide an important direction for future work to build a deeper understanding of

music’s effect and other properties that may influence behaviour and experience.

5.5.1 Unexpected results

Studies in the field of video game music have been largely contradictory with regard
to musical affect, tempo and performance. While some studies have shown that
tempo can have a significant effect on performance [15], others have been unable
to prove the same idea under similar conditions [27]. Similarly, one study demon-
strated how the presence of music decreased risk-taking behaviour in games [28],
while another similar study contradicted these results by showing how higher arousal

correlated with increased driving speed and fewer errors [45]. In summary, the im-
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pact of music on player behaviour, whether it’s performance or enjoyment, is largely
unpredictable and poorly understood.

While this study provides significant results that seem to align with my predic-
tions and make logical sense, they also contradict certain previous studies, such as
one by Rogers et al., whose results demonstrate that the affect of music does not sig-
nificantly affect risk-taking behaviour [28]. This difference may be explained by the
nature of the game and how risk-taking behaviour was measured. While my study
measured risk-taking behaviour through many different gameplay features such as
proximity to fire and time taken, Rogers et al. presented players with a clear choice
between two distinct levels, where one was presented as being riskier with higher
reward, and the other was a lower risk with a lower reward. Another reason may
be due to the choice of music, as my music was selected based on emotional labels
while theirs was determined based on valence and arousal levels.

The results show a main effect on participants’ scores on the Behavioural In-
hibition System questionnaire and metrics related to in-game risk, staying further
from the fires on average. This is an expected outcome given that a high score on
the BIS questionnaire “corresponds to motivation to avoid adverse outcomes”. This
is a non-game-motivated metric, but it is interesting to note this personality trait
is transferred into gameplay. Yet, it is also interesting to note other main effects of
BIS/BAS were not found in other metrics I believed were related to risk [46]. This
may explain the lack of findings in those other risk-taking measurements, as this lack
of effect suggests that they may not truly be related to risk-taking in the Redline
game. This is supported by previous work that collected many of the same metrics
in Redline [1].

Before beginning the study, there were several hypothesized behaviours pre-
dicted pertaining to data patterns that would demonstrate risk-taking behaviour.

As discussed previously, the number of fires in proximity, time taken and water
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sprayed aligned with my initial predictions. The other possible outcomes were a
higher number of button presses suggesting more frantic movement, higher average
intensity of fires in proximity as well as more damage taken suggesting an increase in
risk-taking behaviour, and finally, a higher number of deaths correlating with risk-
taking behaviour. There are a number of reasons why these trends did not appear in
the data, with gameplay challenge accounting for many of them. As 11 participants
explained in their post-experiment interview, the game, while enjoyable, did not pose

enough of a challenge and was very predictable.
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Chapter 6

Limitations and Future Work

In my study, I found no differences in play experience, except for differences in ten-
sion. While I discussed that this raises the need for a deeper understanding of video
game music in future research, the lack of measurable differences in player experi-
ence might also be a result of the game design itself. Given the linear and relatively
simple nature of Redline’s gameplay, it may be that there was not enough room for
noticeable variation in strategy, and subsequently experience. Further, some partic-
ipants reported in the post-experiment interview that their strategy for completing
a level remained consistent, regardless of the music, due to their belief that their
strategy was optimal. The repetitive nature of the gameplay would also likely dis-
suade variation in gameplay once a working strategy was developed. Additionally,
as Rogers et al. noted, how a player thinks they will fare against a game’s challenge
could reduce the effect of music [28]. With regards to competency and performance,
participants spent less time on each level with powerful music, suggesting greater
performance but also less exposure to the musical stimulus. One drawback of this
is that each level ends as soon as the fires are put out, leaving room for future work
studying how music affects the amount of time players will spend in a level or area.

This information could be used to influence both level design and music choice in
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games.

The game used in this study was originally designed with the purpose of studying
in-game data displays, and therefore, may influence gameplay differently than a
commercial game, as players were potentially more focused on their health bars [1].
Players were also required to complete the same levels multiple times, which could
lead to disengagement not typical in successful commercial games. Any change in
player mood or enjoyment can greatly influence their sense of flow and, subsequently,
gameplay habits [47]. Additionally, the way in which music is used in this study does
not match how music is typically implemented in games. In modern commercial
games, it is common that music will adapt to gameplay, or in the case of static
music, strive to match gameplay as closely as possible [44]. My study had the same
song playing on repeat until the gameplay session was completed, and that music did
not adapt to gameplay nor strive to achieve congruency with the gameplay. While
these design choices do not detract from the main effects on tension and risk-taking
behaviour with regard to musical affect, they do not take into account the potential
influence of discrepancies between commercial titles and Redline.

One discussion that was had pertaining to the study design and data measure-
ment revolved around the potential for collecting biometric data, such as heart rate,
eye tracking, and galvanic skin response. These measures were unfortunately not
included in this study as it was decided it would be run remotely. The inclusion of
heart rate and galvanic skin response would have provided us with quantitative data
describing players’ arousal and excitement in the game, allowing us to compare these
results with the quantitative results from the questionnaires. Additionally, the pos-
sibility of eye tracking would have allowed us to measure whether players were more
focused on their health, and the countdown timer, during the gameplay sessions.
There were 2 participants who mentioned, unsolicited, that they found themselves

not noticing the timer or their health bar during the "more intense” gameplay ses-
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sions (with powerful music), supporting the potential that eye tracking could have
had in this study.

In addition to being unable to collect biometric data, there were several draw-
backs to running this study remotely. As mentioned previously, a sound calibration
screen was implemented in order to ensure volume was at a comfortable level for all
participants. This introduces noise as previous work has shown how volume level is
capable of affecting perceived tension [30].While participants were asked to perform
the study in a quiet environment with minimal external souns and interruptions,
unlike a controlled lab environment, there is no method of guaranteeing that each
participant was able to complete the experiment uninterrupted. Allowing partici-
pants to run the study on their own devices does provide an experience that more
closely emulates how one would play video games on their own, but subsequently al-
lows for less control of external variables. For example, the noise of typing on specific
keyboards, such as mechanical keyboards, may have an effect on player experience.
The quality of one’s headphones may also affect the degree to which music affects
tension or player experience and behaviour.

Another type of data that was not measured in this study was positional data.
By recording positional data, players’ movement patterns could be tracked accu-
rately, rather than predicted based on damage taken, water sprayed, and button
presses. Movement patterns such as frequent back-and-forth strafing or circling the
fires would also further validate risk-taking behaviour. Movement patterns are im-
portant for measuring risk-taking behaviour and play-style since, from my results on
fire proximity and time taken, movement appears to be influenced directly by music
choice.

One major drawback of this study was its lack of a control group without any
music. With a no-music gameplay session to compare against, we could say with

more certainty the level to which player affect is influenced by, not only the type of
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music being listened to, but also the presence of music itself. I chose not to have
a control group because of the length of the study and because the focus of my
research question was not on the presence of music, but rather the musical affect.
With that said, there are many studies that have already explored in detail the effect
of musical presence on player affect and perceived tension [17,28,30], and my work
provides a deeper understanding by expanding on the notion of musical affect and
demonstrating its effect on play.

Finally, out of the many first-order terms that GEMS contains in its framework,
this study only evaluated the peaceful and powerful labels, leaving room for future
work using other terms. While the songs selected for this study were most accurately
described as peaceful and powerful respectively, they also scored highly in other
factors such as calmness, joyful activation, tension, wonder, etc [7]. In future work,
combinations of these terms could also be considered to understand the strength that
each term has on different aspects of player experience, as well as their interaction
with the numerous other musical metrics (tempo, genre, volume, etc). With no
reliable automated manner of classifying a piece of music with emotional labels,
game designers would be required to run their own surveys of music, similar to the
pilot study, in order to classify their music and apply the results of this study.

The homogeneity of the sample’s demographic for this study, was also a limiting
factor, as 27 of the 32 participants held, or were currently enrolled in, a computer
science degree, and were all above the age of 18 and below the age of 30. In future
work, it would be useful to study more heterogeneous populations and demographics,
and perhaps record personality and player types to acknowledge how individual and
archetypal traits might affect results. Another type of data nor recorded in this study
was musical preference. It would be interesting to see in future work how musical
preference may correlate with various aspects of player experience.

Although the demographics data showed no significance in predicting player
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experience or risk-taking behaviour, there were several limiting factors of note from
the demographic results. 5 of the 32 participants identified as female, while the rest
identified as male. With such a small sample, it is difficult to determine whether
biological differences or differences in gender identity could affect one’s response to
different musical affects. Of the 32 participants, 24 reported playing video games
every day and, on a scale of 1 to 10 rating the degree to which participants identified
as gamers, the average score was 8. This indicates that the majority of participants
were highly familiar with video games, which could affect perceptions of challenge in
Redline and expectations related to gameplay and music. This leaves room for future
work studying how those who do not identify as gamers are affected by musical affect,
and whether previous gaming experience affects the extent to which music affects

behaviour and player experience.
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Chapter 7

Conclusion

In this study, I explored how player affect and risk-taking behaviour are impacted
by music choice. With musical affect as my independent variable, I evaluated how
players’ in-game behaviour changed based on variables such as proximity to fire and
the amount of water sprayed. Through questionnaires and interview questions, I also
measured participants’ perceived tension and enjoyment when playing with different
background music. My findings demonstrate that, when subject to powerful music,
there is a significant increase in perceived tension in comparison to peaceful music.
This increase in tension was accompanied by an increase in proximity to fires and a
decrease in time taken per level. From this data, I concluded there was an increase
in performance and risk-taking behaviour. Further, I discuss how music which is
congruent with gameplay may not strongly affect enjoyment if the gameplay itself is
not challenging enough.

I also discuss the implications this study may have on the greater fields of game
design and composition. My study demonstrates that powerful music is able to in-
crease tension and performance without negatively impacting enjoyment. Further,
from the post-experiment interview questions, it is surmised that for tense in-game

environments, powerful music increases congruency, and subsequently enjoyment.
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Considering these results with previous work, it can be said that both the presence
of music and the emotional affect of said music have an impact on player experi-
ence and play style, specifically related to risk-taking behaviour. Game designers
and composers can use this knowledge to create more purposeful decisions related
to invoking tension or encouraging risk-taking behaviour with background music
in their games, and my work both encourages and raises further questions in our

understanding of the effects of music in video games.
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Appendix A

Questionnaires

A.1 Consent Form

Before proceeding, please read the following. You must give your consent to continue.

Consent Form

Title: Assessment of Play Experience in an Online Game
Researchers:

® Joshua Roberts, Masters Student, Faculty of Computer Science, University of New Brunswick, +1-902-718-6457, joshua.roberts@unb.ca
® Dr. Daniel Rea, Assistant Professor, Department of Computer Science, University of New Brunswick, daniel.rea@unb.ca
* Dr. Scott Bateman, Associate Professor, Faculty of Computer Science, University of New Brunswick, +1-506-447-3334, scottb@unb.ca

Purpose and Objective of the Research: Online games are extremely popular, and game designers make many choices in how to display
information to a player. The choices made by game designers may have a profound impact on how people experience the game. In this study
we are comparing different game designs to see how they might affect player experience.

Requir ts for Particip

® You must be 18 years of age or older to participate.
* You must confirm that you consent to the details provided in this form.

® You must provide your Worker ID, so that we can confirm your consent and make payment to you.

Procedure:
In this study, you will be asked to fill in questionnaires about yourself, play a game multiple times, and complete several questionnaires about
your game play experience.

Potential Risks and Benfits: There are no known or anticipated risks to you by participating in this research. Your participation will help us to
design games and to understand how games can be better designed. For your participation you will receive payment as detailed in the HIT
description.

Figure A.1: Consent Form
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Confidentiality:

* Confidentiality will be maintained throughout the study. The entire process and data will be anonymized. Data will only be presented in
the aggregate and any individual user comments will be anonymized prior to presentation in academic venues.

® The research team named above will have access to the data to ensure that your confidentiality is protected, anonymized data may be
shared with other researchers collaborating with the authors listed above.

Right to Withdraw:

® Your participation is voluntary. You may withdraw from the research project for any reason, at any time without explanation.
® Should you wish to withdraw, you may do so at any point, and we will not use your data; we will destroy all records of your data.

® Your right to withdraw data from the study will apply until the data have been aggregated (one week after study completion). After this
date, it is possible that some form of research dissemination will have already occurred and it may not be possible to withdraw your data

Questions or Concerns: Comments, concerns, questions and other feedback may be sent to any of the investigators listed above. Participants
may also request information regarding the outcome of the study, i.e., any conclusin and publications by contacting the investigators. If
participant wish to contact the academics not involved with this project with concerns, questions or feedback, they may do so by contacting:

e Dr. Luigi Benedicenti, Dean, Faculty of Computer Science, Ibenedic@unb.ca, +1-506-453-4566
This project has been reviewed by the UNB Research Ethics Board and is on file as REB 2022-106.

Consent: | have read and understood the above information and do hereby agree to participate in this study and consent to the use of data
recorded during this experiment for scientific research purposes as stated above. | understand that my identity will remain confidential, and that
my anonymized data may be shared amongst the investigators and their collaborators as part of their research program. | understand that the
subsequent withdrawal of consent to the above will also carry no consequence. | agree that all my questions and concerns have been addressed
in a satisfactory manner.

Do you give your consent?

I consent

1 do not consent

Figure A.2: Consent Form Continued
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A.2 Barratt Impulsiveness Scale

Never Rarely Almost Always Always

| am more interested in the present than
the future.

| change residences.

| am a steady thinker.

| make up my mind quickly.

| spend or charge more than | earn.
| 'squirm’ at plays or lectures.

| don't pay attention.

| am self-controlled.

| have 'racing’ thoughts.

| am happy-go-lucky.

| change jobs.

| often have outrageous thoughts when
thinking.

| am future oriented.

| feel restless at the theatre or in lectures.
| can only think about one thing at a time.
| plan for job security.

| change hobbies.

| plan trips well ahead of time.

Figure A.3: Barratt Impulsiveness Scale Questions
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| act on impulse.

| say thoughts without thinking.
| buy things on impulse.

| concentrate easily.

| like puzzles.

| save regularly.

| plan tasks carefully.

I am a careful thinker.

| get easily bored when solving thought
problems.

| do things without thinking.
| like to think about complex problems.

| act on the spur of the moment.

Figure A.4: Barratt Impulsiveness Scale Questions Continued
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A.3

BIS/BAS

Very false for me

Even if something bad is about to happen
to me, | rarely experience fear or
nervousness.

| feel pretty worried or upset when | think
or know somebody is angry at me.

When | am doing well at something | love
to keep at it.

When | want something | usually go all-
out to get it.

How | dress is important to me.

| go out of my way to get things | want.
Itis hard for me to find the time to do
things such as get a haircut.

| am always willing to try scmething new
if | think it will be fun.

A person’s family is the most important
thing in life.

When | go after something | use a ‘'no
holds barred' approach.

| often act on the spur of the moment.

| have very few fears compared to my
friends.

| crave excitement and new sensations.
| often wonder why pecple act the way
they do.

| will often do things for no other reasen
than that they might be fun.

If | think something unpleasant is going
to happen | usually get pretty worked up.

If | see a chance to get something | want |
move on it right away.

When good things happen to me, it
affects me strongly.

Criticism or scolding hurts me quite a bit.

| feel worried when | think | have done
poorly at something important.

It would excite me to win a contest.

When | get something | want, | feel
excited and energized.

When | see an oppertunity for something
I like | get excited right away.

| worry about making mistakes.

hat false for

<,

R

me

me

Figure A.5: BISBAS Questions
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A.4 Demographics

What is your age?

Indicate your gender:

Please Choose: -

Other gender, if applicable:

If you were to create an avatar to represent yourself in digital envir ts, that digital rep tation would be:

Please Choose: -

What is the highest degree or level of school you have completed? If currently , mark the previous grade or highest degree
received:

Please Choose: -

If you are a student, please indicate your subject:

N/A

Please indicate your employment status:

Please Choose: -

Please indicate your marital status:

Please Choose: -

Please indicate your household income:

Please Choose: -

Please indicate your ethnicity:

Please Choose: -

Figure A.6: Demographics Questions
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A.5

Games

Please indicate how often (on average) you play video games:

Please Choose: -

i you have played video games in the past, please indicate how often you have played at peak times (times when you play most
frequently):

Please Choose: -

How much do you self-identify as a gamer on the following scale:

not at all gamer
1 »

‘Which is your dominant hand?

left

right

Please indicate the video game genres that you enjoy playing:

Action

Platform games

First Person Shooter

Beat 'em up

Adventure

Role Playing Games

Mass Multiplayer Role Playing Games {MMORPG)
Simulation

Vehicle simulation

Strategy

Music games

Puzzle games

Sport games

Multiplayer Online Battle Arena (MOBA)
Casual games

Other genre(s)

Please indicate on which devices you play video games:

Desktop (e.g. Windows, Linux, OS X, etc)
Console (e.g. X-Box, Play Station, etc)

Mobile device (e.g. phone, tablet, PS Portable, etc.)

Figure A.7: Games Related Questions
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A.6 NASA TLX

Please evaluate the game by selecting the value on the scale from 0 to 100 at the point which matches your experience.

How much mental and perceptual activity was required (e.g., thinking, deciding, calculating, remembering, looking, searching, etc.)?
Was the game easy or demanding, simple or complex, forgiving or exacting?

low high
1 »

How much physical activity was required (e.g., pushing, pulling, turning, controlling, activating, etc.)? Was the game easy or

demanding, slow or brisk, slack or strenuous, restful or laborious?

low high
4 »

How much time pressure did you feel due to the rate at which the game elements occurred? Was the pace slow and leisurely or rapid

and frantic?

low high

How successful do you think you were in accomplishing the goals of the game? How satisfied were you with your performance in
accomplishing these goals?

Failure Perfect
4 g
How hard did you have to work (mentally and physically) to accomplish your level of performance?

low high

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, relaxed and complacent did you feel
during the game?

low high
1 4

Figure A.8: NASA Task Load Index Questions
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A.7 PXI

Strongly

: Slightly Neutral Slightly Agree Strongly
disagree

Disagree .
disagree agree agree

| liked playing the game.
| was immersed in the game.

The game felt relevant to me.

| could easily assess how | was performing
in the game.

It was easy to know how to perform
actions in the game.

Playing this game was valuable to me.
| felt free to play the game my own way.
| grasped the overall goal of the game.
Playing the game was meaningful to me.
The goals of the game were clear to me.

| enjoyed the way the game was styled.

The actions to control the game were
clear to me.

| understood the objectives of the game.
| wanted to explore how the game

evolved.

| felt eager to discover how the game
continued.

| felt a sense of mastery playing this
game.

| was no longer aware of my surroundings
while | was playing.

Figure A.9: Player Experience Inventory Questions
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| felt a sense of freedom about how |
wanted to play this game.

| appreciated the aesthetics of the game.

| felt | was capable while playing this
game.

The game was entertaining.
| like the look and feel of the game.

| felt | was good at playing this game.
The game was not too easy and not too
hard to play.

The game was challenging but not too

challenging.

| was fully focused on the game.

| had a good time playing this game.
| wanted to find out how the game
progressed.

| felt like | had choices regarding how |
wanted to play this game.

The game gave clear feedback on my
progress towards the goals.

The challenges in the game were at the
right level of difficulty for me.

| thought the game was easy to control.

The game informed me of my progress in
the game.

Figure A.10: Player Experience Inventory Questions Continued
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A.8 IMI

Strongly

: Slightly Neutral Slightly Agree Strongly
disagree

Dizadree disagree agree agree
| put a lot of effort into this game.

| would describe this game as very
interesting.

| enjoyed this game very much.

After playing the game for a while, | felt
pretty competent.

| think | did pretty well at this game,
compared to other participants.

| was anxious while playing the game.

| felt tense while playing the game.
Playing the game was fun.

| was very relaxed while playing the game.

| thought this game was very enjoyable.

It was important to me to do well at this
game.

| tried very hard while playing the game.

While playing the game, | was thinking
about how much | enjoyed it.

I didn't put much energy into this.

| felt pressured while playing the game.

| am satisfied with my performance at this
game.

This game did not hold my attention.

| couldn't play this game very well.

| didn't try very hard at playing the game.
| thought this game was boring.

| think | am pretty good at this game.

| am pretty skilled at the game.

| did not feel nervous at all while playing
this game.

Figure A.11: Intrinsic Motivation Inventory Questions
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A.9 Music Questionnaire

Reflect on your experiences during the last session of playing the game and rate your agreement with the following statements.

Strongly

: Slightly Neutral Slightly Agree Strongly
disagree

Disagree .
disagree agree agree

| did not notice the background music.
| found the speed of the music did not
match the gameplay.

| found the music helped me to perform
better in the game.

The music helped me achieve my goal in
the game.

| found the music distracting.

| found the music's tone did not match
the gameplay.

| was aware of the music's effect on my
playing.

| enjoyed the music.

Figure A.12: Custom Music Questions
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