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Abstract:

This project aimed to create a psychological horror game in or-
der to research the effects that acousmatic sound design has on
player anxiety. The game Still Beating was developed in Unity
using a first-person perspective to immerse players in an am-
biguous and unsettling setting. The narrative was intentionally
fragmented, and visibility was purposely limited, leaning into
the fear of the unknown. Acousmatic sounds were also unlized
in an attempt to understand the effect it had on plaver anx-
iety. Testing of the project was conducted using A/B testing,
comparing the control version, A, that did not use acousmartic
sound design to the experimental version, B, that did. The test
included a total of 32 participants, with 16 participants test-
ing version A and 16 participants testing version B. The evalua-
tion results revealed that, although participants frequently iden-
tified acousmatic sounds during interviews, the questionnaire
and physiological measurements showed no statistically signifi-
cant difference. In conclusion, while acousmatic sounds appear
to influence players’ anxiety, the data collected did not reveal
a statistically significant difference and thus, this project can-
not definitively conclude as to what degree acousmatic sounds
effect player anxiety. Further research into the topic, as well
as optimization of the game and test procedure is required in
order to reach a more fulfilling conclusion.

The content of this report s freely ameatlable, but publication (with reference) may only be pursued die o agreement with the
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1 Introduction

Horror games are uniquely positioned to stimulate powerful emotional response, immersing players
in suspense, fear and anxiety [63][46]. Unlike other genres, they engage not only through visuals and
gameplay, but also through the player's own imagination and anticipation of the unknown [6]. This
emotional intensity makes horror games an exciting area for research, especially when it comes to
exploring how interactive systems shape the player's experience. Furthermore, sound in horror plays
a highly important role in creating an atmosphere and player experience that is immersive, unsettling,
and emotionally charged. Sound can trigger emotional and physiological responses in players, such
as tension, discomfort, and alertness. Some suggest that sound is the most important component in
eliciting fear, as it can shape mood, suggest unseen threats, and intensify suspense even in the ab-
sence of visual stimuli, as well as having been proven to significantly reduce immersion when absent
[25][31][14])[15][58][23].

This project sets out to develop and conduct research within a horror game that incorporates acous-
matic sound design as a core element of the gameplay. The motivation to work within the horror
genre stems from a shared fascination among the group members. Horror is not just entertaining, it
offers a compelling framework for experimenting with psychological reactions, particularly through
sound. We are especially interested in the concept of anxiety within horror games. Rather than relying
on traditional jump scares or sudden shocks, our project explores how acousmatic sound design can
cultivate a lingering, anticipatory dread. By focusing on fear of the unknown and anxiety caused by
ambiguous, uncertain threats, we aim to evaluate the influence of acousmatic sound design on player

anxiety.

1.1 Initial Problem Statement

As the project intends to explore how interactive sound design within a horror game can affect a play-
ers anxiety, the project requires research regarding anxiety, horror as a genre and sound, specifically
among its specific design elements and the effects that these elements can have within an interactive
sound system. Thus, leading to the initial problem statement:

"How does sound affect player anxiety in a horror game?"
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2 Analysis

This chapter initially explores the horror genre as a whole, before delving into the psychology behind
the genre, as well as establishing a better understanding of fear of the unknown. This chapter also
focuses on game design and development theory, primarily in regards to the MDA framework [27],
while also thoroughly researching minimalist narratives, visuals and most importantly sound in a
horror game setting. Larger game titles such as the Silent Hill series, as well as popular indie game
titles, are analysed as examples for environment and character designs. This chapter also researches
horror game sound theory, focusing on the different forms sound can take and the methods that can
be used to achieve a desired sound, as well as how sound can influence player anxiety.

2.1 The Horror Genre

Both fear and anxiety are central to horror, vet they are distinct emotional states that play different
roles in how horror media affects audiences. Understanding the difference between them is crucial for
designing horror experiences, particularly in interactive media such as video games, where emotional
pacing and anticipation are key to immersion [11].

As outlined in The Handbook of Emotions [37], fear and anxiety are differentiated primarily by the
presence or absence of a clear, identifiable threat. Fear is a response to an immediate and specific
danger, such as a visible monster. In contrast, anxiety arises from the anticipation of a threat thart is
uncertain, ambiguous, or yet to occur. In this sense, anxiety is often “pre-stimulus” {occurring before
the threat), while fear is “post-stimulus” (occurring in reaction to a threat) [37]. Therefore, a defini-
tion of the terms can be defined as fear arises in response to a known threat, while anxiety stems from
anticipation of an unknown danger.

The human body reacts through physiological symptoms due to the release of adrenaline, nora-
drenaline and cortisol when experiencing fear and anxiety. Some of the primary symptoms include
an increased heart rate, faster breathing, and sweating [9][12][62][52]. However, an important note
is that while these responses are commonly associated with fear, they are not exclusive to it. These
physiological reactions can also be triggered by other emotional states, such as attention or general
emotional arousal [52].

2.1.1 The Psychology of Horror

There are several theories as to why people find enjoyment in horror experiences, which contains
these unpleasant emotions, often revolving around the build-up of a horror story. Two big pillars of
setting up a story in the horror genre is suspense and resolution. A horror story most often contain
some sort of threat or manifestation of it, and the build up to this threat is the suspense. Once the
threat is neutralized or avoided, the feeling of resolution is obtained [44].

One theory by Dolf Zillman, Virginia Ordman and Minet De Wied suggest that an effective resolu-
tion of suspense is what causes the highest level of enjoyment, because the viewer throughout the
story feels empathy for the most often “likeable” main character, and the resolution of the great threat
therefore provides relief and euphoria is exchanged for dysphoria [10]. The theory was concluded
from a study showing that the intensity of suspense during the story correlation with the amount of
enjoyment experienced with the resolution.

Another theory by G. Neil Martin states that the suspense itself is what creates enjoyment as the
thrill of horror is provided regardless of resolution, which is also seen in horror movies such as “The
Exorcist” [19] and “Friday the 13th"” [7] where no resolution is provided at the end of the story [44].
The feelings and emotions granted from an experience with a horror story, is a sensation often sought

2
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for by the viewer or user, which leads to the positive relationship with enjoyment, but the level of
enjoyment tends to be individual depending on motivation for the sensation seeking [44].

2.1.2 Fear of the Unknown

In an extensive paper, researching fear of the unknown (FOTU) and its place as a fundamental fear,
Cartelon describe FOTU as "an individual's propensity to experience fear caused by the perceived
absence of information at any level of consciousness or point of processing” [6). Cartelon further links
FOTU to anxiety, stating that FOTU may be the cause of many anxiety disorders such as Generalized
Anxiety Disorder and Social Anxiety Disorder. Cartelon as well, reaches the conclusion that FOTU can
be referred to as a fundamental fear based on requirements developed by Reiss [56] and Taylor [64].
These requirements entail that the fundamental fear "...appears (1) to be an emotion; (2) inherent;
{3) logically evolutionarily supported; (4) continuously and normally distributed in the population;
{5) a logical reduction of higher-order constructs; (6) logically non-derivative and irreducible; (7)
able to account for variance in higher-order constructs; and (8) factorially distinet” [&].

2.1.3 Subgenres

Horror as a genre is made up by multitudes of subgenres such as monster horror, psychological horror,
Found Footage horror, Slasher and more.

One of the most popular, and well liked sub genres of horror is psychological horror [61], known for
movies such as The Shining (1980), The Silence of The Lambs (1991) and more recently Get Out (2017)
and Midsommar (2019). Unlike traditional horror, which often relies on violence, gore or jump scares
to scare the audience, psychological horror utilises atmosphere, tension and emotional vulnerability,
such as guilt, paranoia and anxiety, to discomfort the audience [32]. The subgenre often blurs the
line between reality and illusion, presenting characters whose perceptions are unreliable or distorted,
due to trauma or mental instability [32]. Instead of monsters as threats, psychological horror focuses
on the psyche and internal struggle of the characters, as replacement for the "monster”. It thrives on
ambiguity and leaving elements up for interpretation [39].

2.2 Game Design and Development Theory

When making a game, it is important to consider the foundations of game design and game develop-
ment. A framework often used or referenced when analyzing game design at its core is the mechanics,
dynamics, and aesthetics (MDA) framework developed by Hunicke et al. in 2004 [1][8][50]. In the
paper, mechanics are described as the rules and components that make up the game, deciding what
is and what is not possible within the game. Dynamics is the interaction between the player and
mechanics. Lastly, aesthetics describe the emotional response these dynamics accomplish. The MDA
framework strives to achieve a better understanding of the relationship between the cause and effect
of different design choices, focusing on the experience and environment that a game creates [27].
Hunicke et al. establish a taxonomy for the different aesthetic effects which follows:
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Taxonomy of Aesthetic Effects

Sensation Game as sense-pleasure
Fantasy | Game as make-believe
Marrative Game as drama

Challenge (Game as obstacle course
Fellowship Game az social network
Discovery | Game as uncharted tarritory
Expression | Game as self-discovery
Submission | Game as pastime

Figure I: In the table, o toxonomy of different aesthetic gffects can be seen. The fist column describes the effect,
while the second column deseribes the ¢ffect applied to a game. The second column helps understand what is meant
by each aesthetic effect, in o game-sense.

However, it is stated that aesthetics is not limited to this taxonomy. A game can have many or few
aesthetic goals and different ways of achieving them. When using the MDA framework, an iterative
design process is carried out, constantly going back and changing the mechanics to observe the change
of the dynamics and aesthetic outcome [27].

2.3 Horror Narratives in Video Games

A common type of story telling utilized within horror games, is a minimalist narrative. This was stated
by King, in a study, which aims to deconstruct the current body of work regarding the methods used
within horror games [33]. In this study, King emphasizes that less explicit storytelling is more effective
in creating horror atmosphere. To further explain, King quotes the video game designer and horror
game developer Rouse III from the essay "Match Made in Hell". In this essay Rouse III states, "In
horror, the way the audience fills in the blanks will be far more disturbing than anything the writer
could possibly come up with. Thus, minimalist game storytelling fits perfectly in the horror genre."
[57]. Minimalist storytelling and the anxiety created by the players imagination, also fits into the
definition of fear of the unknown, mentioned in Section 2.1.2.

2.4 Visuals in Horror Games

The visuals in a horror game contain a large amount of impact on perceptions and feelings. It can
control the way a player immerse themselves in a game, as well as their knowledge and expectations
of the world within the game. It is therefore important to be aware of the features within the visuals.
However, as Miiller et al. state in their paper, which investigates visual patterns in horror games, these
features should not limit creativity but rather serve as a guide or inspiration [45]. In this paper, and
many others like it, they describe a multitude of features to aid in understanding visuals in horror
games. The following section will be a fusion of general features that appear in research papers.

2.4.1 Style

Miiller et al. mention in their paper the "style", which they describe as a feature that affects all other
aspects of a game. It dictates a level of abstraction that is chosen due to a specific intention [45]. Many
popular horror games aim for a more realistic style, such as Alan Wake, Outlast, Alien: Isolation, Until
Dawn etc. This creates a level of relatability, which is often an important part of creating horror that
the player can internalize. This does not just apply to the visual aspect but also the narrative [21].
However, the completely photorealistic style has been and is more often than not unattainable. This is
especially true for older games, as the capabilities of the game making technology only become more
limited as we go further back in time. This becomes especially prevalent when looking at games with
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older and newer iterations such as Silent Hill 2 or Resident Evil 2, 3 and 4. In the newer iterations, an

observation can be made on how the games are changed to mimic reality to the best of the abilities of
modern technology (Figure 2) [16][21].

SILENTHILLE 2

|II f

Figure 2: Silent Hill 2 Remake vs Original - Physics and Details Comparison [20].

Although the style of games like the original Silent Hill 2 were created due to a limitation of tech-
nology, it resulted in a unique product which was enhanced by the limited graphics. Working around
the technological restraints developers focused on primal fears such as the unknown (Section 2.1.2),
taking away the focus from the details of the graphics, shifting it towards the information that was
missing and the uncanniness of the environment [16]. For example in the first installation of Silent
Hill, fog was implemented for this purpose (Figure 3). The fog is an important aspect of the tone
and mood, as it limits the player's agency making the player feel vulnerable. As well as serving as a
narrative tool. Since the first game, the fog has therefore become a staple of the franchise [41][67].

Figure 3: Silent Hill, 1999, Konami.
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In a thesis concerning horror caused by glitches in games, the author Maldon explores the cultural
context of this fear Here, they discuss how the uncanniness of glitches plays a significant role in
producing fear in the player. Maldon then mentions that older games as well contain this element of
uncanny. They explain that this connection is made due to the artificial nature of older games and
that this perception is especially prevalent in modern times [41].

The look and style of many older horror games was created because of limitations. However, today
where those limitations don't exist anymore, game developers still choose to take inspiration from
and to replicate the look and feel of older games. Using the retro style as a tool modern games like
Mouthwashing, Slide in the Woods, The Salvation Project, Iron Lung (Figure 4) etc. create a unique
horror experience which differs from other medern horror games.

Fizure 4: Iron Lung, 2022, David Szymanski,

2.4.2 Environment

Another feature closely related to the overall themes and atmosphere of horror games is the envi-
ronment [33][38][45][67]. In a thesis, the author Vorobeva delve into the meaning and impact of
environment design in horror games [67].

In a segment, Vorobeva performs a case study on the environment in the previously mentioned game
Silent Hill 2. They discuss the genre and themes of the game, which explore the human psychology.
In Silent Hill 2, the environment not only serves as a tool for making the player feel certain things, but
also as a way of exploring the main character's psyche. As in the game, the town Silent Hill appears
different to each person in it. Reflecting the person's deepest desires and regrets. This paves way for
a complex narrative with lots of symbolism and subtle storytelling [67].

Starting the game, the player is introduced to the playable character James Sunderland. He has re-
ceived a letter from his wife Marry, who presumably died of a disease 3 years prior. In the letter, she
says that she is in the town of Silent Hill and that she is waiting for him. As stated the environment
reflects how James feels while walking through the town looking for his wife. The moody large empty
town and muted colour palette, reflects his sadness and loneliness. The environment also reflect as a
sense of regret and struggle, with the oppressive nature of the environment. The fog outside and long
halls and small rooms inside the buildings as well, cause the feeling of claustrophobia (Figure 5) [67].
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Figure 5: Stlene Hill 2, 2001, Konami.

The monsters and the objects in the environment also contain meaning, as many of the monsters are
themed around sickness and the town is filled with gurneys and beds, symbaolizing the sickness of
Marry and her death. However, the mood and things within the environment is not the only thing that
is affected, the composition and layout of the environment is affected as well. The environment warps
and buildings become nonsensical (Figure &). James has to jump down into many dark holes, which
represents him diving deeper into his consciousness [67].

Figure 6; Silent Hill 2, 2001, Konami.

This effect is also discussed by Miller et al. along with other mentioned effects which they name and
define. They call the changing of environment “Contrast during Encounter”. In their paper, they focus
on the change in environment that happens as the player encounters an enemy. However, they define
it in a broader aspect as well, as a display of release and tension through the environment. The act of
conveying themes and story through environment and visuals is mentioned by Miiller et al. as well.
They define this as visual semantics, where a theme or an important aspect of the story is given visual
form. Such as the theme of illness in Silent Hill 2 or many of the other themes given form through the
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environment [45][67]. Thus, the environment in a horror game can have a large impact on the mood
and feelings of the player as well as the narrative. This can be achieved by being aware of what you
put in your environment, how you structure it and what feelings you want to convey.

2.4.3 Characters

Characters and their actions mostly serve as narrative tools, but a large portion of how a character is
perceived is based on their appearance. Many types of characters may appear in horror games, but
the most mentioned and defined are the main character and the enemies. Just like with the style,
a more realistic and relatable main character is often chosen, as this makes the player able to relate
to the main character and experience the horror through them. They are often portrayed as weak
and therefore empathetic [21][45]. Another type of character often appearing in horror games are
enemies. They serve as a threat and are often portrayed as vile and horrifying creatures that the main
character must overcome. They can symbolize things, such as a manifestation of guilt and desire for
punishment, like in Silent Hill 2 (Figure 7) [67], but at their core they evoke fear and this is often
portrayed through their appearance [21][45].

Fieure 7: Silent Hill 2, 2001, Kornamti.

2.4.4 Colour and light

When analysing and discussing visual features of a horror game, the colour and lighting is almost
always mentioned. They are the most primal forms of visual input and therefore extremely important,
as they set the entire mood throughout the game [33][38][45][67]. Colour especially plays a large
role in setting the tone in a horror game. For example by using a desaturated and gray colour palette
you can create a depressing atmosphere like in Silent Hill 2. Or by using saturated and bright colours,
you can create an uncomfortable and hostile tone which is often used in Mouthwashing (Figure 8)
[38][45][67].
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Figure 8: Mouthwashing, 2024, Wrong Organ.

Like colour, lighting is often used to convey tone but is also often used to build tension. In the horror
genre the most used type of lighting is low-key lighting, which consists of very high contrast. This
creates very intense imagery and can give a sense of visual obscurity and disorientation. The intense
lighting in horror games is often achieved by providing the player with poor and limited lighting, such
as a sparsely lit room or a single flash light as in Slide in the Woods (Figure 9) [33][38][45][67]. This
visual obscurity and lack of information created by such lighting, is a prominent factor in utilizing fear
of the unknown (see Section 2.1.2).

Figure 9 Slide in the woods, 2021, Jonny's Garnes.

2.5 Sound in Horror Games

Sound is well recognized for its importance in audiovisual media, such as film and video games. Sound
is described as a crucial element in horror games for eliciting emotions and immersion [14][15][58].
Some scholars say sound is even the most important element for creating emotions and immersion
[65], or that “sound carries more emotional content than any other part of a computer game" [23].
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Studies have found that the absence of sound in gameplay led to significant decreases in immer-
sion [25]. One study, in particular, noted that the absence of sound decreased immersion in such a
way that “the fictional world seems to disappear and that the game is reduced to rules and game
mechanics” [31].

Many studies have examined the role of sound in horror games, particularly in how it induces emotions
such as fear and anxiety. These studies can generally be divided into two main categories: quantitative
-and qualitative properties, though some studies include both quantitative and qualitative properties
in their study [23].

2.5.1 Quantitative Properties of Sound

Research focusing on the quantitative properties of sound is concerned with how the measurable as-
pects of audio, which can be manipulated through sound processing techniques, impact emotions such
as fear and anxiety. These properties include acoustic qualities such as reverberation, frequency, vol-
ume [23])[24][58][65]. Many effects of the quantitative properties of sounds have been described.
Roux-Girard paraphrases how Cho, Yi, and Cho's (2001) research on textile sounds which shows that
loud and high pitched sounds were unpleasant to listen to, while Halpern, Blake, and Hillenbrand
{1986) meant that loud, low-mid frequencies were unpleasant [58]. Garner et al. describes how re-
verberation can change the perception of space in a game, making environments feel larger or more
confined, and can make the player feel smaller and more lonely [22]. Toprac and Abdel-Meguid de-
scribes how louder sound effects are more likely to be perceived by the player, and can evoke more
sudden and shocking emotions in the player than soft sounds can [65].

This project is concerned with anxiety and therefore focuses on sound techniques that support the
creation of spatial uncertainty, unease, and anxiety. Some of these include reverb, spatial audio, and
pitch manipulation. These techniques affect the guantitative properties of sound, but also play a key
role in shaping how players perceive them psychologically. The following sections will explore these
audio strategies in more depth.

2.5.2 Reverb

Reverb is a very common sound effect often used when an audio occurs from someone or something
off screen, or in scenes that takes place in a tunnel, or narrow canyon [60] as it adds this echo effect
and has a spatial influence of where the sound is coming from [60]. In horror reverb is utilised in
many ways, where one could make a room feel smaller and cramped or larger and more lonely than
it actually is by applying more or less reverb [43]. Reverb can be controlled by many parameters but
the most used and commeon key parameters are [30]:

Room size/Decay time - This parameter controls how long the reverb lasts mimicking how big or
small a room is.

Pre-Delay - This is the time between the original sound and the onset of the reverb. The length
of this delay affects the perceived distance of the sound. A longer pre-delay makes it seem as though
the sound source is farther away, while a shorter pre-delay suggests it is closer.

Damping - The damping effect reduces high-frequencies in the reverb-tail which is the end of the
reverb and simulates how soft or hard the surface the sound bounces off.

Wet/dry mix - Balances the original version of the sound which is the dry version, and the rever-
berated version which is the wet version.

10
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2.5.3 Spatial Sound

Spatial sound is a way to mimic realistic sound environments, where audio is represented in a 3D
space and audio can be located based on which channels its played from in a stereo system. A study
at Aalborg University concluded that spatial sound granted higher levels of immersion and emotional
engagement, compared to non-spatial sound in a horror game [29].

2.5.4 Panning Sound

A panning sound occurs when the position of an audio signal is shifted between the left and right stereo
channels during playback. This spatial effect adds a sense of movement and depth to the sound. When
used deliberately, panning can simulate a sound source moving across a space, for example, footsteps
passing from one side to the other In horror sound design, sudden or unpredictable panning can
be especially effective, as it creates disorientation and tension, making the listener feel as though
something is moving just out of sight [4].

2.5.5 Distortion

In horror sound design, distortion is used to intentionally deform audio signals, crafting abrasive and
unsettling textures. By driving sounds bevond their natural limits, distortion introduces harsh har-
monic content that evokes tension, chaos, and fear. This gritty, aggressive quality is frequently applied
to elements like screams, mechanical noises, or ambient drones to heighten unease and disorient the
listener. Once dismissed as an undesirable artifact, distortion has become a vital tool for shaping the
disturbing and otherworldly sonic landscapes that define horror media [68].

Distortion has many properties, but the most effective and noticeable are the following:

Gain - The Gain controls the input level going into the distortion circuit. Higher levels of gain causes
more clipping and intense distortion effect.

Clipping type - The clipping type defines how the waveshape is altered when it exceeds its limit.
This can be done with a hard clipping that cutoff waveform peaks more harsh and aggressive, or with
a soft clipping that gentlys rounds of peaks.

Tone/EQ Shaping - The Tone/EQ decides how the frequencies of a sound are cutoff or boosted before
and after the distortion is applied. The Tone/E{Q) can be focused on low, mid or high frequencies and
grant them respective effects.

2.5.6 Pitch

The pitch of a sound is at what frequency a sound is. A high pitch can be perceived as a very sharp
and shrill sound, which is unpleasant to the hum ear if the pitch is too high. On the contrary a low
pitch is perceived as a deep and heavy sound which can be used in horror to evoke feelings of dread
and unease [2].

The pitch effect of a sound can be manipulated in various ways such as turning it up or down to
get a different feeling from the original sound, or creating sudden changes in the pitch which can
enhance suspense in the audience, or it can be used to scratch a sound, making it more eerie and
enhance dramatic moments [2].

11
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2.5.7 Defying Expectations

When building suspense in a horror game, many sound effects can be used to signal tension, such
as those mentioned earlier. For instance, a reverb that gradually shrinks can suggest that a threat is
approaching, or a specific sound cue might indicate that something is about to happen. Over time,
these cues form a kind of audio “recipe” for suspense, which will be a pattern the player begins to
recognize and rely on [43].

However, to keep the player engaged and unsettled, this pattern must occasionally be broken. Just
as the player starts to understand when they are safe or in danger, the rules can shift — a threat
might appear without any warning cues, defying their expectations. This kind of subversion keeps the
experience unpredictable and maintains tension throughout the game [43].

2.5.8 Proximity

The proximity of a sound is how far away it is perceived by the player, which can be altered by using
spatial sound, adjusting volume levels, using the reverb effect and changing the frequency detail. all
these effects can create the wanted proximity and alterations wanted. Alterations in proximity can
evoke strong emotional responses such as shivers or chills, especially if a sound moves closer to or
right past the player [26].

2.5.9 Qualitative Properties of Sound

Qualitative properties of sound is concerned with how players interpret and perceive sounds within
the context of the game. These studies explore the contextual meaning of sounds and how the player's
past experiences, culture, expectations and context influence the perception of sounds. Acousmatic
sounds refers to sounds that do not have a visible originating source or cause and play a crucial role
in increasing the player's anxiety in horror games [23].

When a player is unable to locate the cause or source of a sound, it can increase the sensation of anx-
iety. This ties into the broader fear of the unknown, where the absence of visual confirmation allows
the imagination to fill in the blanks — often with worst-case scenarios. When players hear a sound but
cannot identify its source, they instinctively interpret it as a potential threat. This reaction is linked to
evolutionary survival mechanisms, as Parker and Heerema explain: "A prey animal that can only hear
the predator is in an unknown amount of trouble, and it pays to believe the worst™ [22][53].
Kromand expands on this by explaining how horror soundscapes are intentionally designed to keep
plavers suspended between knowledge and ignorance. His concept of a “framework of uncertainty”
describes how game audio can blur the boundary between diegetic (existing in the game's world and
hearable by the character) and non-diegetic (post produced and non hearable by the character) sound.
The missing barrier between diegetic and non-diegetic sound ensures that players cannot easily dis-
tinguish whether a sound belongs inside the game world or not, which strategically build the horror
atmosphere [34].

Toprac and Abdel-Meguid found in their research that acousmatic sounds are likely to induce anxiety
and fear, and that medium-volume sound effects are most effective for creating anxiety as it forces
the listener to pay extra attention [65]. Breinbjerg reinforces this by highlighting that intentional
ambiguity regarding a sound's location or source is essential to creating anxiety. He explains that
the knowledge that “something is happening around the corner” heightens anxiety because it is both
unseen yet heard, amplifying uncertainty [5][22]. This perspective is further supported by Ekman,
who similarly argues that the uncertainty of an unseen sound intensifies its fear-inducing potential,
as the player cannot predict its source or intentions. They researched sounds using localization cues
to manipulate the scariness of four different sound samples. Sounds coming from behind the listener
were generally perceived as scarier than those from the front [15]. This view also aligns with the
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work of Reber, Schwarz, and Winkielman, who suggest that positive aesthetic judgments are strongly
linked to how easy it is to process stimuli. Inverting this concept, sounds that are difficult to identify,
localize, or assign meaning tend to evoke negative judgments.

While acousmatic sounds are often mentioned in studies on game audio and sound design, much
of the existing research focuses on sound in general and does not examine acousmatic sounds as a
distinct subject. Although some research has been conducted on acousmatic sounds, the topic re-
mains understudied, and several studies emphasize the need for further investigation into the specific
qualities and effects of acousmatic sounds [15][35]. Though qualities of acousmatic sounds, such as
volume, timing, and location [65] and familiarity [35] have been researched, there is limited research
on the practical implementation of acousmatic sound within games themselves. As a result, there is
very little existing work to guide game developers in using these sounds effectively within interactive
environments.

2.5.10 Relevance to this Project

This project does not aim to explore these specific properties. Instead, it aims to incorporate acous-
matic sound into a game to explore to what degree it can increase anxiety. These insights are highly
relevant to this project. By combining acousmatic sound design with technical audio techniques, such
as reverb, spatial audio, pitch shifting, and proximity filtering, we aim to use sound as a central me-
chanic for evoking anxiety. The guantitative aspects of sound design help us fine-tune how these
acousmatic sounds are experienced by the player. For example, manipulating reverb can suggest dis-
tance or vast, empty spaces, while spatial audio and panning can imply unseen movement around the
plaver. Together, these technical tools enhance the psychological impact of the acousmatic audio and
allow us to shape more effective, anxiety-inducing experiences. This combined understanding pro-
vides both theoretical and practical tools for optimizing our game's sound design to achieve a more
immersive and anxiety increasing horror game.

13
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3 Final problem statement

As stated throughout the analysis, horror is universally defined by its connection to fear, the immedi-
ate release of tension. However, the tension and anxiety leading up to fear is equally as important, as
often utilized by popular genres such as psychological horror. This effect of "prestimulus" is the basis
for the concept: fear of the unknown.

This entails techniques such as minimalist storytelling, where the absence of explicit detail in the
story, requires the player to fill in the gaps using their imagination. Within the visuals, many other
technics contribute to this sense of unease and missing information. Such as visual obscurity, which
withhold clarity in order to keep the player in a constant state of anticipation. This is achieved by
designing the layout and lighting around this idea, of making the player expect something to happen.
Alongside these visual and narrative choices, narrative-driven sound design is used to reinforce the
anxiety-driven tension of an anticipated fear. This research will utilise such techniques with the goal
of manipulating player perception and emotional response. In particular, the study will focus on the
role of acousmatic sound design, which involves sounds that originate from an unseen source, and its
influence on anxiety.

Having reiterated the findings, the initial problem statement has been refined and has led to the
final problem statement:

"To what degree does acousmatic sound design increase horror-game-player’s anxiety,
compared to the lack thereof, in a psychological horror game based on fear of the unknown?"

14
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4 Methods

The aim of this project was research to what degree acousmatic sound design can increase anxiety in
a psychological horror game compared to the lack of acousmatic sounds. To answer this, 2 versions
of a horror game were developed: A version without acousmatic sound design, and a version with
acousmatic sound design, with the acousmatic sounds being the only thing distinguishing the two
versions. The game was developed with Unity Engine & [66]. To evaluate whether the version with
acousmatic sound design was successful in increasing anxiety in players compared to the version
without, A/B testing was done to compare the two versions. Based on research into the physiological
responses associated with anxiety, the evaluation included the measurement of HR and GSR, inspired
by methods used in horror research and related studies [3][47][51]). Data collection in the test also
included quantitative data from a questionnaire across four categories: Focused Attention, Reward,
Anxiety and Sound, inspired by O'Brien's User Engagement Scale [49], as well as qualitative data from
interviews. It was analysed whether there were any differences in the anxiety levels reported by the
questionnaires, HR and GSR data and the interviews.
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5 Design Requirements

Design requirements were established based on discussions about the creative vision for the game, as
well as how to incorporate the theory that was covered in the analysis.

For the creative discussions, a group brainstorm (Figure 10) was held, where the members of the
group outlied the most important aspects of the project based on the MDA framework (see Section
2.2). Initial core mechanics were decided, followed by the dynamics of these mechanics which then
formed a clearer vision for the game. From this, the focus shifted to the taxonomy of aesthetic effects
{Figure 1). Four effects were chosen as the main focus points moving forward into the design process,
those being Sensation, Narrative, Challenge and Discovery. From this, discussions about each effect
branched out into a multitude of design choices being made, such as art style, narrative setting, sound
design and game mechanics, while incorporating theory previously discussed in the analysis (see Sec-
tion 2.2, 2.3, 2.4, 2.5).

Figure 10: Aesthetic Effects Brainstorm

After narrowing down the scope and vision for the project, the design requirements were established
and set up as a combination between Functional and Non-Functional and GameFlow elements modi-
fied to suit the project, these can be seen on Figure 11.
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Design Requirements

Principle Functional Non-Functional
Aesthetic Effects The game should revalve Every design choice will be
around the aesthetic effects rooted in achieving one of the
sensation, narrative, chosen aesthetic effects
discovery and challenge.
Comnirol The plaver should feel a The game will give the plaver free
sense of control over their movement and interaction within
actions in the game. confined areas and with specific
objects. Achieving a sense of
control while still following the
planned gameplay route.
Concentration The game should require The game will provide a limited
cotceniration, and the player field of view and lighting,
should be able to concentrate requiring player focus in order to
on the game. properly navigate the world.
Clear Goals The game should provide the The player will be guided
player with clear goals at towards obiamable olyects m the
appropriate titmes. game with the use of spatial sound
design.
Feedback The player must receive The plaver will receive interaction
appropriate feedback at clues wpon opportunities to mberact
appropriate times. with objects in the world, along
with appropriate sound clues to go
Immersion The plaver should experience The game will provide spatial
deep but effortless audio along with limited visuals
mvolvement in the game. and lighting which will push the
player to engage heavily with the
world, pntentlallj.r increasing
UMMETS 0.
Acousmatic The player should encounter | Acousmatic sounds must be placed
Sound Design acousmatic sounds in accordance with the path
throughout the game. required to complete the game,
ensuring that the player encounters
them,
Fear of the The plaver should experience The game will put the player into
Unknewn a sense of anxiety or unease. sifuations where the previously
dizcuszed elements along with a
lack of imowledge should provide
an uncomfortable unknown
situation that leads the player to
become anxious.

Figure 11: Design Requirements
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6 Design

This chapter will present the major decisions made throughout the design process of the project.
The focus of this segment will be on narrative, visual and auditory design choices which shape the
mechanics, dynamics and aesthetics of the game (see Section 2.2). Each decision was guided by
the goal of enhancing the player's experience and reinforcing feelings of suspense and anxiety while
playing the game. As previously explored during the analysis, there is no definitive blueprint to follow
when designing a horror game. However, for the course of this project, the principles of “less is more"
were followed and led to the following choices in order to best invoke anxiety.

6.1 Story

When designing a narrative for a video game, there are several factors to consider. These factors
could be how the story should develop, where to take inspiration and where to be original and overall
thematics and the objects in play thereof. This section will convey the thought process and decisions
on how the story of the project’s horror game was shaped.

6.1.1 Development and Adaptation

Early in development, it was decided that the narrative would be based on an existing story, rather
than creating a new story. This was done to scope the project to be done within the allocated time
frame and to work off of the themes and predefined storylines that have seen success within the horror
genre. Ultimately Edgar Allan Poe’s famous short story “Tell-Tale Heart" was chosen [54].

Tell-Tale Heart is a story about a man going insane by the sound of the beating heart of his own
long deceased victim [13]. The story is short and to the point, delving into themes of guilt and lunacy,
while depicting a classic grotesque staple: Murder. Furthermore, the idea of an ever-changing house
was inspired by the novel ‘House of Leaves’ by Mark Z. Danielewski [42] in order to further explore
the narrative mind of an insane individual. "House of Leaves' is a story about a family who moves
into a new home, where the house is not as it seems. Appearing small on the outside, but having an
infinite amount of rooms that never stay the same on the inside.

This concept establishes the foundational settings for the game's environment, which evolves as the
narrative progresses. The game begins in a modern home, referred to as the "Victim Home', featuring
contemporary furniture and décor. Once the storyline in the Victim Home unfolds, a staircase trans-
ports the player to the next phase.

The second setting mirrors the first in architectural layout but shifts in tme: it's styled with 1970s
furniture and wall treatments, giving it a distinctly retro aesthetic as is referenced as 'Childhood
Home'. This temporal transition hints at a deeper narrative layer while maintaining spatial familiarity.

The final environment is the protagonist’s former workplace, referenced as "The Office’ and shares
the same structural design as the previous homes. However, this setting introduces a surreal twist,
echoing the infinite, shifting architecture of ‘House of Leaves’ [42], with seemingly endless rooms and
corridors, enhancing the game's psychological atrmosphere.

It was decided that the story should be told through cassette tapes found in the environment. In-
stead of finding tapes from a lunatic, objects relating to the incident that had taken place would be
found. This structure of telling the story by finding fractured bits instead of being directly told a co-
hesive story, was chosen to support the notion of not forcing horror on the player, but instead letting
them create their own horrors from the absence of information in the narrative, utilizing the concept
of FOTU (see Section 2.1.2).
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Several iterations of how the story would progress were discussed and drafted. Ultimately the final
story was decided upon being a simple one. This was decided on to follow the notion that whatever
narrative is created, it can never match up to what the players themselves conjure up, when letting
their minds speculate (see Section 2.3). Thus, the story on the surface is being caught in the footsteps
of following a murderer, but concealing more in its underlying nature. This allows the possibility for
a deeper narrative in multiple directions, while still adhering to the 'less-is-more’ principle of Fear of
the Unknown (see Section 5).

6.1.2 Character and Storyline

A screenplay was written to plot out the narrative and pace out the storytelling and dialogue in the
tape recordings (see appendix 11).

The player is spawned into a closed room with a single door. When going through the door, they
arrive in a modern suburban house and are met with a victim outline on the living room floor, ac-
companied by a shadow. As they step closer to it, the shadow spirals inwards and disappears, leaving
behind the text written in blood “Follow the beat” and rewarding the player with their first casserte

tape.

From here on the story unfolds, as told through the tapes left behind by what is referred to as ‘“The
Narrator’. Going through the three different iterations of the same house, finding different ‘objects’
that have some form of relation to whatever ‘The Narrator’ decides to talk about, while retaining an
off-putting feeling by being either grotesque or paranormal. These objects would then be accompanied
by shadowy figures looming and a constant beating heart guiding the player forward until the sound
crescendos at the last setting in the office, where the shadows and a physical heart erupt and consume
the player.

This is the surface-level experience from the players point of view. Underneath this, lies a story
that is meant to be excavated by perceptive players. Themes like sins of the father, told through the
second level, where the players are placed in the décor of a childhood home and told ramblings about
a dysfunctional childhood from ‘the narrator’. Or schizophrenia, with certain notes from the player
avatar, like when finding the time sheet (see figure 12) =: "... 1 used to work here as a janitor...".
This was meant as a subtle hint towards ‘The Narrator’ and the player themselves perhaps not being
so different people after all.

Fipure 12: Screenshots of childhood home and the timesheet object respectively.

All the story threads were purposely left ambiguous, none necessarily being the right answer, with the
goal of supporting the notion, that the players themselves will concoct their own interpretation of the
narrative, yielding greater uneasiness and fear.
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6.1.3 Tapes and Objects

In the pursuit of foregoing a heavy-handed approach to the story, while still feeding players minimal
narrative bits to keep them anxious and engaged in the environment created, the idea of the afore-
mentioned tapes arose. This supports the principle of concentration and immersion (see Section 5),
as the the short bits of dialogue lets the player get invested into seeking more tapes and uncovering
more of the story. At their core, the tapes are adhering to the whole notion of Fear of the Unknown
{see Section 5), letting the players become anxious from an overall lack of knowledge. The tapes were
designed to mimic a lunaric, breathing, and talking manically into a recorder as he is recounting his
past. With them, vague storytelling of what might have occurred, or will occur, is placed throughout
the game, serving as eerie breadcrumbs to the overall narrative. The previously mentioned narrator
will recount different anecdotes based on the object that is found and tied to the given tape.

The objects come as means to guide the narrative thread forward, which ultimately pushes the whole
game experience forward.

As the objects are found throughout the game by following the sound of an increasingly louder beating
heart, they adhere to the principle of Clear Goals (see section 5). Adding to this, the given objects are
vague, letting the player at first hand generate thoughts and ideas as to how they add up to the overall
narrative, which follows the principle of Fear of the Unknown (see Section 5). They are designed to
relate to either the victim or the perpetrator. The first part of the game takes place in what is referred
to as the victim home, where every object found is something connected to the victim; an eyeball,
an arm, or the time sheet from a workplace. These objects let the narrator ramble about his own
wants and needs regarding the given victim. Then, as the transition up the stairs occurs, the player
is transported to the referred childhood home, which contains objects that all relate to the narrator
himself but also functions as "what ifs' for the tools used for the murder that occurred.

Having the objects and tapes in unison like this allows the story to go into raw, grotesque, and unnat-
ural turns, which generates this uneasy feeling throughout the investigational adventure the player
embarks on.

6.2 Visuals

The visual design is primarily centred around the chosen aesthetic effects; Sensation, Narrative, Chal-
lenge and Discovery (see Section 5). The visual features; style, environment, characters, colour and
lighting, serve as the categories of all design choices made in regards to the visuals (see Section 2.4).

The desired sensation the player should feel is a sense of unease and discomfort. To achieve this,
the style of the game utilizes the uncanny nature of older games, by mimicking the limitations of
older software (see Section 2.4.1). This choice of style greatly impacts the design of the environment.
As the environment must adhere to the look of older games such as the first Silent Hill (see Figure
3). To further lean into the uncanny, the layout as well is designed to convey a sense of familiarity
that is unnatural. Such as the use of a normal setting with unnatural scaling or warping, creating
either strange emptiness or confinement. This effect of anxiety, created by not knowing where you are
headed, is the same reason why most doors in the game are closed. However, in some cases doors are
left slightly or completely open. This is used sparsely and is done to communicate that something is
different, which causes the player to expect something to happen. Whether or not a pavoff is given,
such as a sudden noise or a light flicker, the player becomes anxious of something happening. This
same effect is created by large empty rooms. Such as in the kids-room in the first environment (Figure
13), which contain a limited amount of furniture and a single light source.
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Figure 13: First environment:Kids room.

In Figure 14 the layout of an area within the game can be seen. This figure includes an early version
and the final version. The changes in sizing of the rooms can seen as well, with some rooms becoming
larger while others shrink. In this area a hidden room can also bee seen which later reveals a large
staircase, which adds to the strange and uncanny construction of the layout. The environment also
plays a significant role in conveying narrative and encouraging discovery. Each area symbolizing
different time periods and relations between the characters, indirectly contributing to the storytelling
(see Secton ).

| By~ no !I i, e
Figure 14: Layout of an area in early stapes of development and the final desigrn.

Characters as a visual tool, is another form of narrative and sensation in the design (see Section
2.4.3). The main Character of the game is not shown. As to achieve empathy and immersion, the
game is played in first person through the protagonist. Another type of character which appears in the
game are passive entities (shadows), which emerge as short visual and auditory events. In contrast
to enemies, they do not serve as a means to evoke fear. Instead they contribute to the sensation and
narrative.
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Figure 15: A shadowfieure at the start of the game, guiding the plaver to the tape and revealing the text "follow the
heat".

To strengthen the feelings and time periods the environment is trying to convey, appropriate colour-
pallets have been chosen as well. Such as the use of dull and desaturated colours which are used to
convey loss and sadness (see Section 2.4.4). Or colours that appeared in many homes in the 70's-80,
to convey that time period. Application of this in the game can be seen in Figure 14, where were
the absence of colour convey its modern time period and the few colours convey children living here.
However, the dull and gray colour pallet also conveys a sense of sadness and quietness, which is meant
to symbolise that something bad happened taking away the life and joy of the environment.

The lighting of the game is important in relation to both atmosphere and the players means of getting
around. To satisfy both criteria, the light in the game is low-key, with few light sources and a short
range light which follows the player. Making the light have an impact on sensation, discovery and
challenge. Based on the desired effect such as tension or setting, the light throughout the game is
tinted a specific colour as well. Such as all lights becoming red, at the highest point of tension within
the game (see Section 2.4.4). In Figure 16 the different types of lighting can be seen, as the game
reaches its climax. A light following the player can be seen, in the form of a lighter. Meanwhile, the
rest of the scene appears dark, with only a single light source above the water-dispenser. Further in,
appears to be a room filled with blood and a single red light.
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Figure 16: Lighting right before the climax of the zame.

Thus the visuals are designed to fulfil the chosen aesthetic effects; Sensation, Narrative, Challenge
and Discovery in many different ways. With the visuals having more impact on some than others. In
the process of achieving the aesthetic affects other requirements (see Section 5) are accomplished as
well. Immersion being obtained by achieving the aesthetic effects, as well as "Fear of the Unknown"
being the tool utilized to create sensation within the game. As well is control and discovery closely
tied in regards to the visuals, as by creating an interesting and intractable environment both criteria
are fulfilled. As mentioned in the non-functional requirement for concentration (see Section 5), the
design of the light will contribute to the games need for concentration from the player.

6.3 Sound

Sound design plays a crucial role in shaping the overall experience of a horror game, deeply influ-
encing the mood and how players interpret the unfolding narrative. In this game, the sound design
is crafted to create an unsettling environment, filled with off-putting and ambiguous audio cues that
immerse players in psychological tension. Most importantly the soundscape should impose a great
deal of suspense on the play by utlising different sound effects (see Section 2.5).

The sound design is structured around three distinct parts of the game: the victim's home, the child-
hood home, and the office. In the first two parts, which take place in the victim's home and later the
childhood home, the game features realistic but subtly obscured sounds such as a dripping faucet, a
stove hood, lamp static, and a television. These familiar yet obscured sounds help ground the player
in a recognisable reality while still fostering unease. They support immersion by creating the setting
of the game as the narrative begins to reveal its more disturbing layers.

In addition to the natural sounds each scene includes a unique background horror ambience. The
ambience is different in each scene to indicate the progress and new chapter of the story, yet they are
similar in mood and feelings, as they both are not too aggressive and gushing, but more unsettling
and creating a subtle horror setting of anxiety.

A significant shift occurs in the final part of the game, which is set in an office. Here, all environ-
mental sounds are transformed to feel ‘void-like’ or submerged, as though heard underwater obtained
with suffocating reverb filters on all surrounding sounds. This audio manipulation marks a turning
point, and for the first time any doubt about the environment being realistic or not vanishes. The
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surreal soundscape reinforces the sense that the situation has become more serious, psychological,
and supernatural.

6.4 Acousmatic Sounds

The game features three key acousmatic sounds that are each designed to provoke anxiety and grant
glimpse of another perspective on the narrative. These acousmatic sounds were only a part of the
sound design in the B version of the game, while the A version contains the exact same sound design
except for the three acousmatic sounds.

The first acousmatic sound is an obscured cheerful child laughter, with a kid that actually sounds
happy, which by being contrapuntal, makes it more unsettling. This is the introduction of acousmatic
sounds and throws the player off as it does not have any visual source of the sound, which should
spark the doubt of whether the game is in a realistic setting. The sound contains a deep inhalation
symbolising the sounds takes the character back with a quick breath to a distant memory.

The second acousmatic event occurs on the staircase connecting the victim's home and the child-
hood home. It features another reversed breath to signal its otherworldly nature, accompanied by
faint, unintelligible whispers. These whispers represent the protagonist's subconscious attempting to
pierce through their delusional perception. Their low volume encourages focused listening, getting
the player to be even more on edge.

The final acousmatic sound triggers when the player enters a room containing one of the hidden
murder weapons. Suddenly, rapid footsteps pass closely by the player, as if someone - perhaps the one
who hid the weapon - is rushing past. This use of proximity and directionality reaches the peak of the
game’s tension so far. This sound also defies the players expectations as the two previous acousmatic
sounds were soft and reverberated when they easily sneaked up on the player, while this sound sud-
denly appears and storms towards the player unlike any earlier sounds, which should further enhance
the suspense and anxiety by breaking the former audio "recipe".

6.5 Iterations

During the implementation of the product, different iterations were made to test some mechanics and
design choices, and determine changes to them. Specifically two iterations were made, one for testing
the movement and environment, and the second to test for anxiety.

6.5.1 Movement and Environment Test

The movement in the game was implemented using a simple first person controller which makes the
player able to walk using the WASD keys on the keyboard and the mouse to look around. At the be-
ginning of the project, a "Movement and Environment" test was conducted with five participants from
Aalborg University in Copenhagen. The purpose of the test was to ensure that the basic mechanics
and the environment of the first scene in the game were intuitive and did not hinder immersion. The
participants were diverse in age and gender and included both gamers and non-gamers. During the
test, they received instructions and follow-up questions regarding their experience with each mechanic
and the surrounding environment.
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Movement and Environment Test

Question Example of feedback Changes made based on

feedback

“How does it feel “It is intuitive to push Kept the crouch at control, but

to couch?™ “Cotitrol” to crouch, but changed the speed and depth of the
maybe it could be a bit crouch.
. slower” (TestID - 3)
“How does 1t feel | “Pushing E makes sense for Removed interaction text and
to interact with interacting. Outline is okay, outline and added interaction icons
ohjects in the but an 1con would work instead of
game?” betier than texi™ (TestID - 3}
“Ts it intuitive to “T feel that is it mtuitive to Changed opening the journal from
use the use I, but now that the pressing [ 1o J
inventory ™ concept has been explained, I
think J would be better for
Journal™ (TestID - 5)

“How does it feel | “Looking around seems a bit Change the mouse sensitivity to a
to move around show, while walking around higher sensitivity and slowed the
and explore the seems a bit fast” (TestlD - 2) movement speed dovwn a it

game?"
“How does the “It seems natural with a bit No changes made to the
zize and large room. It's nice with EIVITONTT et
proportions of some size difference from
the surroundings 1O to rodm ™
seem?”

Figure 17: Changes based on Movernent test

Based on feedback from multiple participants, adjustments were made to ensure that the core me-

chanics were solid, allowing key design decisions to be confidently developed and implemented.

6.5.2 Anxiety Test

After developing the first of three scenes in the game—focusing on core design choices—a second user
test was conducted with five new students from Aalborg University in Copenhagen.
The purpose of this test was to gather user feedback on how players experienced the first part of the
game, in order to determine whether the current design choices should be implemented in the rest of
the game. The test consisted of two parts:

* Part 1 - Gameplay Session: Participants played the game alone in a dark, isolated room to
simulate an immersive horror experience. A livestream of the gameplay, along with a video
feed of the participant, was sent to two group members in a separate room. Participants were
informed of the following:

- No footage or recordings would be saved.
- They could end the test at any time by waving to the camera. These measures were put in
place to ensure the participants' comfort and consent throughout the process.

* Part 2 - Structured Interview: After gameplay, participants took part in a structured interview
focused on various aspects of the experience, including the environment, lighting, narrative, and
their sense of fear during the playthrough.

The interview questions and answers can be seen in Appendix 1.
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Anxiety Test

Thems Cuestion Example of Feedback Congiderations
“Did you feel lost or “Oaly in the beginning where I bad to find all the The level design works
disorented while doors, but | thought it was great [ would even like and minguss

exploring? to spend more time mg to get an overview” exploration

Envi {Testlly 5 — hale 22 years ald)

“Drid any particular “The teat in the kids® room was guite creepy. It was | Darkness and distance
locatiomns make you alac a big room [ had to go far sato. Tt was a g seen o amplify a
feel voeaay? Why' T comimitment.” feeling of creepiness.
(TestlD I = Male 22 vears old)
“Did you find the “Yeah, I'd say so. | think it was sometimes hard to | A few bugs in the tape-
ENpeTIEnce hear what the tapes were saymg. The lapes are fme wiberachon both m the
engagingT Why?™ it was just haed to follow, becsuss you afe alss gameplay and joumal
focused on lookong around. I think it's hard to were fixed after the
balance it™ test
(TestID 2 — Male 22 years old)
“Haw did your " I feel the Lightme was pretty decent, [ feel it was a | A lighier wall be added
lighting lamtle oo ofange which was a littls odd and a Lils later, wihich most hiely
affect your ability to | shasp. You could see s that was fine, but the colour | will clanfy the cheice
comtrol the player’s chodce was odd.” of colour and light
character?” {TestlD 1 = 27 years old)

Lightning “How did the “I felt like 1f made me look more around, because | Lighting 15 very
lightmg make you :nnldnmmmm'M'nEhtn1}-.Th:duh&u imporiant 1n & horror
feel whule you were kand of forced me into every room game, and it seemed 1o
explonnag and why™ te look around.” work 1n thes scens.

{(TestIDy 4 — 24 years old)
“Dhid you feel like “Tt was cool to not have that much of the The nagrative seems to
were parrative and slowly piecing the story together.” work so far and
with of the {TestlD 3 — 22 years old) 1mtr1 the
narralive™
Harralive “Were there sy “The eye, and juat the general voice-over. It was Unsettling andic and
story scary to have some hunatic talking to you™ {TestlD 3 visual elements are
moments that made = 211 years old) effective for creating
you fisel particularly tension and should
AnXICUS oF be further utilized 1n
mtrgued ™ the story,
“Dhid you feel like “As soon as the beartheat stared, miny games Mow that thas effect
you were being have souad queses to aledt you to danges, so when [ wiorks it can be
waiched or heard that | figored something be happen,” implemented e the rest
followed ™ (Testlly 1 - X2 years old) of the game
Experi “Dad you fssl YA lartle bat, but mostly becauss I was Thus shows that
of Anxiety anxicss while anticipating & scare when interacting with the anxiety is crested in
playig™ world." (TestID | - 27 vears old) the first soene. |
“Ihd you feel afrasd, | “After finding the first tape, ot was a bit creepy to be | Esvironment and tapes
without knowing in a new place whese something evidently gramt a feeling of fear
why at any pomt?™ happened.” as wanbed,
{TestlD 5 — 22 vears old)
Ay last ecdmenent” “T wanted to continge playing™ Owerall, the first scene
(TestlD) 5 = 22 years old) aging to intrigos and
scare the participants

Figure 18: Feedback from Amviety Test
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7 Implementation

This chapter will present implementation of visuals, mechanics and sound, and the decisions made for
each, based on the analysis.

7.1 Visuals

The visuals of the game, play a large part in the overall experience while playing the game. It as well,
impacts and contributes to the story, mechanics and feelings of the player while they experience the
game. Therefore every visual input matters. As described in Section 6.2, a multitude of choices were
made and the following segment will delve deeper into the implementation of various visuals within
the game.

7.1.1 3D Modelling

As previously mentioned (see Section 6.2) the game takes inspiration from older 3D games and the
limitations they faced. Each model in the game, made within the modelling program Blender [17],
was therefore made with a lower polygon count. The technic of applying a rendering mode called
“shade smooth” was also used. This was done to mimic tricks older games would use to mask the low
polygon count. Another notable design choice of the 3D models, is the lower resolution textures. Like
the polygons, this was done because older games were also limited in pixels. An example of a finished
3D model with these techniques applied can be seen in Figure 19. Besides the 3D models themselves
the rendering resolution was also changed to mimic older games. This was done by creating and
applying a render texture in Unity, with a lower resolution (can be seen in Figure 21).

Figure 19: Eye and tape render

7.1.2 Environment

The environment design is very deliberate, as the layout is integral to the storytelling and so is the
placement and inclusion of different objects throughout the environment. As seen in Figure 20, 3
distinct locations appear in the game yet they all share the same room layout. This is important to the
story, but it also contributes to the desired uncanny design of the environment. The size and purpose
of each room is also considered, as this also holds meaning in the story and the uncanny environment.
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ﬂ“ i

Flgure 20: Layout of oll 3 environments: viciim's home, childhood home, and office.

Objects and lights are placed as a means of communicating the purpose of the room, such as a child's
bedroom, a bathroom or a kitchen. However most placements of objects and lights are also strategi-
cally placed to induce anxiety. Such as the two shelves placed before the sofa in the second environ-
ment encountered in the game (Figure 21). As they block the view and walking-path of the player
they must manoeuvrer themselves around without immediately knowing where they are headed. As
well, is their only light source their lighter-light and the light coming from the TV by the sofa.

Figure 21: Second environment: Living room behind a shelf
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7.1.3 Animation

A range of animations is used throughout the game, activated either by player interaction or scripted
events. Some of the animations, such as doors and drawers opening and closing were implemented
directly in Unity through coding. These were handled through the use of coroutines with IEnumerataor,
which allows for timed animation sequences.

The RotateDoor method (Figure 22) is implemented as a coroutine and is responsible for smoothly an-
imating the opening and closing of doors by rotating them to a specified target angle. This is achieved
using linear interpolation (Mathf.Lerp) (Figure 22, Line 11) to transition from the door's current angle
to the desired angle over time. The animation speed can be adjusted via a speed variable. The method
is triggered whenever an interactable door is interacted with, and the targetAngle is determined by a
boolean isOpen, which defines whether the door should open or close. Each door has its target angles
defined in the Inspector. To prevent overlapping animations, a _isAnimating flag ensures only one
animation can happen at a time.

private IEnumerator RotateDoor (fleat targethngle]
{
_igAnimating = true,;
float currentidngle = trapngform. leocalBotation. eulerhngles. v,

float time = 0OfF:

while (Mathf.Ahbs(currentdngle - targetingle) = O.1f)

1
time += Time.deltaTime * speed;
currentingle = Hathf Lerp{currentingle , targetingle , time);
transgforn. locallotation = Quaternion.Euler(xingle , currentdngle  Of);
yield return null;

1

transforn. localRotation = Quaternion.Euler(xAngle , targethngle, 0f);
_ighnimating = false;

Figure 22: RotateDoor [Enumerator

The ShakeDoor coroutine (Figure 23) simulates a locked door shaking when the player tries to interact
with it. It begins by playing a locked door sound (Line 5) and starting a dialogue sequence using the
lockedDialoguelines (Figure 23, Line 6). During the animation, the door's position is moved back
and forth along a specified axis, x, y, or z (Figure 23, Line 11-19), for a set duration (shakeDuration)
{Figure 23, Line 8), using a random offset within the defined range (shakeAmount) (Figure 23, Line
9. This creates a visual feedback to indicate the door is locked. Once the duration ends, the door's
position is reset to its original state to stop the shaking (Figure 23, Line 24).
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private IEnumerater ShakeDoar{)

{
float elapsedTine = 0OF;

SoundHanager . Instance . PlayScund (saurce |

Medialogy - Aalborg University Copenhagen

lockedClipName) ;

Diamlague. Instance  StartDialogue (new List<string»{lockedDialoguslines));

while (elapsedTime < shakeDuration} o

float shake = Handum.Hunget-ahakelmuunt,

if {ghakedxig == AR |
trangform.pogiticen =

1

mlege if (shakakzxig == 1
trangform.pogiticen =

1

elege if [shakehxig == (A

transform.positien =

elapeedTime += Time.deltaTime;

yield return null;

}

transforn. pesition = originalPosition;

originalFesition +

originalFesition +

originalPesition +

shakehmount ) ;

new Vector3(shake , OF, OF):

new Vector3 (0f, =hake, OF):

new Vector3 (Of, Of, shake):

Figure 23; ShakeDoor IEnumerator

More complex animations were created using keyframe animation in Blender. These include sequences
such as an eye rolling out of a wall and an arm jumping from a drawer. In some cases, both Unity
scripting and Blender animations were combined. The animation of a floating, beating heart utilized
Blender for the pulsating movement, while the floating motion was done in Unity. Additionally, the
project incorporates animated textures, which were created using frame-by-frame 2D animation. At
runtime, a script cycles through each frame by assigning them sequentially to a material, resulting in
an animated effect (Figure 24). This technique is similar to the visual style found in older games, such

as Silent Hill.

LR

o = L daPeFTFe 0. -

Figure 24: Unity scene and inspector view of custom texture anfimation.
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7.2 Mechanies

This section aims to explain some of the implemented mechanics within the game. These include
interaction between the player and objects, progression within the game and audio integration.

7.2.1 Interaction

Interaction works trough 3 seripts mainly. PlayerInteraction (Figure 25), Object (Figure 27) and In-
teractable (Figure 26). Each interactable object in the game has 2 different interaction types, Interact
or Inspect. Interact is used for objects, such as doors and drawers that can be opened, Inspect is used
for objects that the player picks up to look at.

The PlayerInteraction (Figure 25) handles checking for interactable objects. This is done by con-
stantly casting a spherecast in the direction of the camera, which returns the first eligible game object
hit (Figure 25, Lines 10-27). All ‘Interactable’ components are then stored in an array and iterated
through a loop statement that skips any disabled components and subsequently stores the first en-
abled component in the ‘newlnteractable’ variable (Figure 25, Lines 31-38) . When 'E' is pressed, the
‘Interact()’ method in the ‘Interactable’ script associated with the latest given game object is called
(Figure 25, Lines 6-7).
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public ¢lass PlayerInteraction : MonoBehaviour

{

volid Update{)

{

}

CheckForlpnteractable () ;
if (Inmput.GetKeyDown (KeyCode E} && _currentInteractable != npull}
_eurrantInteractable . Interact () :

publiec woid CheckForInteractable ()

{

RaycastHit hie;

Ray ray = new Ray(Camera.main.transform.position, Camera.main.transform.
farvard) ;

float spherefadiue = 0.3f;

if {'Physies.3phereCast (ray, sphereladius, sut hit, playerReach, _laverMask)]
{

DisableCurrentInteractable ()} ;
retarn ;

Interactable newlnteractable = null;
Interactable[] interactables = hit.cellider.GetComponents<Interactable =();

foreach [(Interactable interactable in interactables) {
if {l'interactable.enabled) continue;

nedylnteractable = ipnteractable;
brealk :

if (pnayInteractable == pull) o
DizableCurrentInteractable (] ;
retuarn;

¥

DisablaCurrentInteractable () ;
BetCurrentInteractable{nevinteractablea) ;

Figure 25: Playerinteroction.cs

When 'Interact()’ is called, a serialized manually modified "Unity Event' is invoked (Figure 26, Line
11). This event can call any public methods in scripts attached to game objects, but was primarily
used to call methods on objects the event (or rather, the ‘Interactable’ script) is attached to.
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public ¢lass Interactable : MonoBehavigur
{
public UnityEvent interactEvent;
{
Inspect ,
Interact ,
}

public InteractionType interactionType;

public wvoid Interact() => interactEvent.Invoke();

Figure 26: Interactable.cs

Inspect

Inspecting objects in the game is handled by a 'Object’ script on the gameobject (Figure 27). This
script has the functionality for picking up the object and being able to inspect it using the mouse to
rotate it.

When an object is interacted with the object is moved to a predetermined position in front of the
player camera (Lines 20 - 46). The player is able to inspect the object using the mouse to rotate it.
This is done in the Update() methoed, wherein a directional Vector3 is calculated using the difference
between a previously stored lastMousePosition and the current mousePosition (Line 8). This Vector3
is then used to rotate the transform of the object on the x-axis and the y-axis (Lines 10 - 11).
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public ¢lass Object : MonoBehaviour

{
veid Update{)

{

if {1 _ielnspecting) return;

ff rotatioen of the object

Vectord deltaMouse = Tnput.noueePasgition - _lastMousePosition;

float rotationSpeed = Q.11;

transforn . Aotate ( _playerCameraTransform.up, -deltaMouse.x + rotationSpeed,

Space  World};
transforn. Aotate ( _playerCameraTransform.right , deltaMouse.y # rotationSpesd,
Space  World};

_lastMougePosition = Input.mousePasition;
if (_isClue) return;

if (Input.GetHouwseButtonDown{(3)) Steplnepecting();

private IEnumerator SmeothMoveTeFosition{VWectord targetPosition, Quaternion
targetRotation, Vectord target3cale)

{
if (_isInepecting) Debug.Leg({"=oving new position");
elee if (! _ieslnspecting) Debug.Logl{ moving back riginal position™)

flopat duration = 0.57T;
float elapgsedTine = OF;

Vectord initialPesition = trameform.position;
Quaternion initialBotation = transform.rotation;
Vectord ipitialldcale = transform.localSceala;

while (elapsedTime < duration)

{

trangforn. pogition = Uztturﬂ.LErpEiniti&lPd&itiun. targetFosition,
elapeedTime / duraticn};

transgforn. rotatioen = ﬂuattrniun.Lt:p{initihl&&tatiun. targetRotatian
elapsedTime / duration});

trangforn. localScale = Vectord. LerpiinitialScale, target3cale,
elapsedTime / duration});

elapeadTime += Time.deltaTime;

yield return null;

transforn. rotation = targetRotation;
transforn. localScale = target3cale;
_igPositiconed = true;

Figure 27 Object.cs

Journal

The Tapelnventory script manages the collection of tapes and the journal Ul i. It allows players to
view unlocked audio tapes, read their transcripts, and see images of the tapes and objects associated
with them. The inventory can be toggled on/off pressing J. The script also tracks tape collection
progress across two game areas and triggers specific events once all tapes in an area have been found
to progress in the game, like unlocking the bathroom door.
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The UnlockTape method (Figure 28) is called when a new tape is found and is responsible for register-
ing it and updating the journal UL The method replaces the "???" in the journal with the actual name
of the tape, using the tapeName string passed as an argument. The method also changes the text color
to indicate the tape is unlocked, makes the corresponding button interactable for player selection, and
increases the total tape counter. Additionally, it determines which area the tape belongs to based on
the tapeNumber argument and updates the corresponding area counter. If all tapes in a specific area
are collected, this can trigger special in-game events such as unlocking a door or removing a bookshelf.

public veid UnleckTape{int tapelumber, astring tapeNams)

{
if (tapeNumber >= 0 &k tapeNunber < tapes.Lengthl}
tapes [tapelumber].  text = tapeName;
tapes [tapelumber]. color = unlockedColar;
tapes [tapelumber] . ganelbject . tag = _tag;

if {tapeNumber < tapeButtons . Lengthl) {
tapeButtons [tapelumber] . interactable = true;

1

CountTapes (tapeNunbear) ;
¥
elee Debug.LogWarning (" Invalid Lag nunbar™):

Figure 28: UniockTape Method

The SelectTape method (Figure 29) manages the selection of a tape in the Ul when the player clicks on
it. It first checks if the tape clicked is already selected to avoid unnecessary updates. If a different tape
was previously selected, the method removes its hover effect by accessing the HoverText component
and resets its font style to normal. Then, it updates the currentlySelectedTape variable to the new tape
number, which is passed as an argument into the method as int tapeNumber. It also disables the hover
effect on the newly selected tape, and sets its font style to bold to highlight the selection. Finally, the
method looks up the transcript for the selected tape in the _tapeTranscripts dictionary and displays it
in the journal UL
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public wvoid SelectTapel{int tapeNunber)

{

if {(currentlyBSelectedTape == tapeNumber) return;

if (ecurrentlySelectedTape != -1 & currentlySelectedTape < tapes. Length) o
HoverText previcusHoverTezt = tapes[currentlySelectedTape]  GetCaomponent <
HoverTazt ={] :
if (preuiuuaﬂnvchEIL l= null) previcusHaverText . enabled = true;
tapes [currentlySelectedTape] . font3tyle = FontStyles. Hormal ;

currentlySelectedTape = tapelNumber;
HoverText currentHoverText = tapes[currentlySelectedTape].GetComponent <HaoverText

»{});
if (eurrentHoverText "= null) currentHoverText.enabled = false;

if (_tapeTranseripts. ContainsKey(currentlySelectedTapel) {
tapaText . text = _tapeTranscripts [currentlySelectedTaps];
tapes [currentlySelectedTape] font3tyle = FontStyles . Bold;

}
elze Debug.LogWarning("Note number not, found, in conter i nary."J;

Figure 29: SelectTape Method.cs

7.3 Sound

Sound plays a significant role in this project and can be encountered both voluntarily and involuntarily
throughout the gameplay experience. All audio assets were either recorded or sourced from the on-
line sound library Freesound [18] and subsequently edited using either the digital audio workstation
Reaper [55] or DaVinci Resolve - Studio [28], before being implemented into the game. Some sounds,
such as the static hum emitted by the in-game lamps, required minimal processing, primarily looping
adjustments and volume balancing. In contrast, more complex elements, such as the acousmatic clips
and the immersive soundscape featured in the final part of the game, which is set in an office envi-
ronment, involved layering multiple audio samples and applying various effects to achieve the desired
atmosphere. Tapes and event sounds were sorted into an AudioDatabase, from where the sound clips
could be accessed through the SoundManager.cs.

36



Semester Project - P401 Medialogy - Aalborg University Copenhagen

Figure 30 Audio Database

The SoundManager.cs manager controls how and when the audio clips are played via four over-
loaded methods, that reference an audio clip by either name, specific audio source, source key or
from database index. Below one of the overloaded methods can be seen in Figure 31, where an audio
clip is found in the audic database by its name. Once the clip has been found its assigned and played
through the audio source attached to where the sound is coming. An example of this can be seen in
the Bookcase script (see Figure 23).
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/¢ Plays a sound using the default auwdio sSource
public wvaid PlayScundi{string clipName)

{
FPlayS3cund({defaultiudicSource , clipName);
¥
publiec wvaid FlaySpund{AudieSpource source, string clipName)
{
if (audicDatabase == null)
{
Debug . LogWarning ("AudicDatabase, is, not,  assigned!"]);
Feturn;
¥
AudiaClip ¢1lip = audioDatabase. GetClipEyName{clipName);
if (elip == nmull}
{
Debug . LegWarning (§"Clip with na=e 1 fame} ' 1 found!™)
return;
}
gource . £lip = ¢lip;
source . Play{);
¥

Figure 31 SoundManager.cs

7.3.1 Ambience and Effects

The ambient music that plays throughout the gameplay is controlled by Ambience.cs seen in Figure
32. Each level is surrounded by their own collider which [ set to trigger the audio clip that is attached
to the audio source of the collider. The script contains only two methods for when the player enters
or exits the collider, making the ambient audio clip fitting to each scene play on loop, while the
plaver is within the specific collider. Objects within each scene that contains a sound playing on loop
throughout the entire game has an audio source attached with the fitting audio clip, that can be heard
within a set 3D range as seen below on the television in the childhood home in Figure 33.
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public class hmbience | MonoBehaviour
{
private AudieSource audioScurce;
private wvoid Awake ()
{
Collider collider = GetComponent<Collider =();
collider . iaTrigger = true;
apdieSource = GetComponent chudioSource =();
¥
private void OnTriggerEnter (Collider other)
{
if (ether.CompareTagl( Player "]}
i
audieSauree. Play ()
sudieSource, laap = true;
}
}
private void OnTriggerExit{Coellider other}
{
if (pther . CompareTag( " Flayver ™)}
{
if {audieSource. isPlaying)
{
audioSource . loap = false;
audieSource . Stap();
1
¥
¥
¥

Figure 32: Ambience.cs
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Figure 33: Audio Source

Some of the audio sources in the game have a 3D sound range that extends bevond physical bound-
aries, such as walls. This can lead to hearing unwanted sounds, for example the sink sound from
the bathroom while standing in the bedroom. To prevent this, the OnOff Sound.cs seen in Figure 34
includes a check that compares the player's current room with the room assigned to the audio source.
Each room is identified by a unique roomlID and has a trigger collider that tracks when the player
enters or exits. If the player is not in the same room as the audio source, the script mutes the sound by
setting its volume to 0f. When the player enters the correct room, the sound is unmuted and allowed

to play normally.

void Update)
{

if (rosmTracker.currentRoorID == rpanlID)

1
if {laudioSeuree.isPlaying)
audieSouree . Play () ;
sudieSource . valume = 11f;
}
elee
{
audieSource. volume = muted,;
}

Figure 34: On(ff Sound.cs

This system ensures a more realistic and immersive sound environment, where audio respects the
layout of the game world and doesn't leak through walls.
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7.3.2 Acousmatic sounds

The three acousmatic sounds were only implemented in the B version of the Game. For the A version
all the acousmatics sounds were removed. In the B version the three acousmatic sounds are triggered
when the player collides with their individual box collider RoomAmbience.cs Checks for collision,
and plays the audio clip once when triggered, and hereafter destroys the box collider, so it can't be
triggered again.

Acousmatic Child Laughter

In this sound design, an audio clip has been edited in Davinci Resolve [28], using both equalization
and spatial effects to create a sense of enclosed, distant realism: A parametric equalizer has been used
to carve out unwanted frequencies and focus the listener’s attention. Specifically, a narrow cut at 1.8
kHz (-17.1 dB) was applied to reduce harshness or competing midrange content, which helps create
space for other elements in the mix. The sound was further shaped using a reverb effect emulating
a small 12m? room (bathroom). A reverb time of nearly 2 seconds adds noticeable tail and decay;
creating the impression that the sound occurs in a confined, reflective environment. High-frequency
content was reduced in both the early reflections and reverb tail, which smooths the reflections and
contributes to a more dampened, muffled character. The wet signal is fully maxed (100%), as the
sound is meant to feel completely distant, without any direct signal presence.

Figure 35: Acousmatic Child Laughter

Acousmatic Whispers
In this acousmatic sound composition, three different audio clips have been edited to create an im-
mersive spatial experience:

* A reverse breath clip is used without any additional effects, serving as a subtle buildup or tran-
sitional element.

* A sound clip of distant whispers has been divided into three separate clips. These are panned
across the stereo field, moving from one channel to the other, creating an “ear-to-ear” effect that
enhances the listener's sense of space and movement.

* A final breath clip has been processed with reverb to increase spatial depth, giving the impression
that the sound gradually fades away or dissolves into the environment. The settings of the reverb
sound effect can be seen in Figure 37.
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Figure 36: Avousmuatic Whispers
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Figure 37: Reverbed Breath

Acousmatic Run
In this acousmatic sound clip, a single audio clip of running footsteps has been edited and layered

across three separate tracks to create a dynamic, spatial listening experience.
The original footstep clip is used on all three tracks, but with slight timing offsets and stereo panning
automation, creating a sense of motion as if someone is running past the listener.

* On Track 1, a pitch shifter effect (ReaPitch) (Figure 39) has been applied to lower the pitch by
approximately 2.83 semitones, adding variation and weight to the steps to make them feel more

grounded and distinct from the others.

* Each track begins and ends with volume fades, contributing to a sense of depth and realism as
the sound appears to approach and then recede.

* Combined, these edits generate a three-dimensional illusion of movement and direction, mim-
icking footsteps that pass by the listener from one side to the other.
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Fipure 38: Acousmatic Bun
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Figure 39: Run Pitch

7.3.3 Tapes

All tapes in the game were recorded in a home studie and edited in Davinci Resolve [28], where the
same reverb filter used on the Child Laughter seen in Figure 35 were applied along with a distortion
filter seen below in Figure 40. The filter contains a high level of distortion (82.4%) which applies
some harsh overtones, along with a narrow frequency range (954 Hz-1.65k Hz) which reduces the
sound quality and makes the tape sound old and worn.
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Lathe Tape (K1F (152}

Figure 40; Diztortion filter
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8 Evaluation

This chapter will present evaluation of the final test, including sampling methods, data collecting
measures, data analysis and findings.

8.1 Participants and Sampling

This evaluation included control group (Group A) of 16 participants and an experimental group
{Group B) of 16 participants. The experimental group engaged with the game with acousmatic sounds
added, while the control group engaged with the game without acousmatic sounds. Group A included
male = 15, female = 1. This sample encompassed individuals from Aalborg University. The partici-
pants feel within the age range of 20 to 27 years old. Group B included male = 11, female = 5. This
sample encompassed individuals from Aalborg University. The participants feel within the age range
of 21 to 28 vears old. Due to the nature of horror games, participants were provided with a consent
form as part of the questionnaire. The consent form included detailed informartion about the game's
sensitive content, the collection of physiological data (GSR and HR), audio recordings, and assurances
of anonymity. Participants were assigned anonymized ID numbers to ensure anonymity, and all data
were labeled accordingly. All preliminary information regarding the participants from group A can be
viewed in Appendix 1, while preliminary information regarding the participants from group B can be
viewed in Appendix 3. The raw data from the questionnaires, including questions and answers for
both groups, can be viewed in Appendix 4. The raw data from the GSR and HR, can be viewed in

Appendix 5.

The sampling method utilized for testing was convenience sampling and snowball sampling, which
can introduce biases. Convenience sampling involves selecting participants who are easily accessible,
while snowball sampling often includes individuals from the same social network. This can result in
the sample lacking diversity in terms of backgrounds, experiences, and perspectives, making it less
representative of the broader population. Additionally, testing with friends and acquaintances can
introduce social desirability bias, where participants may offer more favorable feedback than what
they might would have done. Due to time limitations, all participants who were willing to test the
game, were accepted into testing, which has resulted in skewed gender-distribution and the inclusion
of participants, who do not like horror games.

8.2 Procedure

Before final testing, a pilot test was made. The pilot test included 2 male university students from
Aalborg University. The testing was conducted in May 2025 and aimed at uncovering any inherent
usability issues within the game and validating the procedure on a smaller scale, ensuring the ques-
tionnaire and interview questions were not misinterpreted by participants before implementing the
procedure in our final evaluation.

Both quantitative and qualitative methods were utilized to gather comprehensive insights for our final
evaluation. Below is a step-by-step outline of the procedure:

1. The participants are given a verbal introduction from the conductor of the test.

2. The participants are given the questionnaire to fill out the consent form (see Appendix 12).

3. The participants’ baseline GSR and HR measurements are recorded for 2-3 minutes.

4. The participants are given the next part of the questionnaire to fill out preliminary information.
5. The participants are given a verbal explanation of the next part of the test from the conductor.

6. The participants’ GSR and HR measurements are started.
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7. The game is started and the conductors leave the room, while a livestream of the game is going on.
8. The participants play the game.
9. The participants’ GSR and HR. measurements are stopped when they finish the game.

10. The participants are given a verbal introduction to the questionnaire.

11. The participants answer the questionnaire.

For participants who were interviewed, the following steps were included:
12. The participants were given a verbal introduction to the interview.
13. The conductor interviews the participants.

Out of the 32 participants, 15 semi-structured interviews were held with participants from Group
B regarding the acousmatic sounds which only appead in version B, following the questionnaire.
Interview questions can be found in Appendix 6. The transcripts can be found in Appendix 7.

8.3 Data Measures

The data measures for the final test included a questionnaire, galvanic skin response, heart rate moni-
toring, and interviews. This approach provided both quantitative and qualitative methods to evaluate
the player's anxiety.

8.3.1 Questonnaire

The questionnaire took inspiration from O'Brien et al.'s User Engagement Scale (EUS). O'Brien and
Toms (2010) developed The UES to measure user engagement, consisting of thirty-one items and
measuring six dimensions of user engagement. In a newer study O'Brien et al [49] revised and short-
ened the UES into the UES-SF (short-form), only measuring four dimensions of engagement and
twelve items in the questionnaire. The UES-SF and UES-LF (long-form) offer guidance on measuring
and scoring user engagement using the provided questionnaire, also in the context of games [49][48].

The questionnaire for the testing consists of 14 items distributed across 4 different categories: Fo-
cused Attention, Reward, Anxiety and Sound. While Focused Attention and Reward are directly from
(’Brien's work, Anxiety and Sound were added to address specific aspects of our game that we consid-
ered important to measure. These categories were added as O'Brien argues that a questionnaire “will
be useful only if it fits the researcher’s conceptualization of the variable of interest” [49]. The Engage-
ment items are Likert-scale format, all items being positively formulated, ranging from 1 (strongly
disagree) to 5 (strongly agree). The questionnaire items can be found in Appendix 8.

5.3.2 Heart Rate

The test will include heart rate monitoring, as it is commenly used to asses physiological arousal such
as stress, fear, excitement, or similar emotional responses. In this testing procedure, the response will
primarily be used as a supplementary to previously discussed testing methods, as heart rate acceler-
ation, as well as deceleration, can infer to states such as fear [40]. Measurement will be performed
using a Samsung Galaxy Watch 4 Classic, using a custom app that logs the heart rate data in a CSV
file. The app has the option of logging a baseline heart rate, and an option for logging during game-
play. The app utilizes the biometric sensors on the watch to acquire data. The CSV file includes the
heart rate logged, along with the corresponding system time. Consistent placement of the monitoring
device is prioritised in order to reduce the risk of signal interference throughout the test.
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8.3.3 Galvanic Skin Response

The test will also include the monitoring of GSR through a sensor. GSR is measured through elec-
trodermal activity, henceforth EDA, through two electrodes which are placed on the fingers of a par-
ticipant. EDA represents changes in skin conductivity with the activation of the sweat glands, which
correlates with activation of the sympathetic nervous system. This system is part of the activation
pattern of physiological responses originating from fear or similar emotions [59]. GSR measurement
will be performed using a Grove GSR sensor, which is connected to an Arduine Uno. This system
then continuously reads the values output by the GSR sensor, which is then logged on command in an
excel sheet with the use of Microsoft Data Streamer. It should be noted that GSR can be influenced
by a number of factors, such as the skin moisture of the participant and the ambient temperature of
the testing environment. For this reason, rather than specific thresholds, an approach of focusing on
relative change for individual participants was chosen. Consistent placement of the monitoring device
is prioritised in order to reduce the risk of signal interference throughout the test.

B.3.4 Interview

The interviews were conducted with the participants from test group B - 15 individuals in total, as one
participant's interview recording was lost. The interviews consisted of three short questions, focusing
specifically on the participants’ experiences of anxiety and how these may have been influenced by the
sound design or specific sounds. The aim of the interviews were to explore whether the participants
would mention acousmatic sounds without being directly asked about them.

The interviews were intentionally kept very short for several reasons. We already had a large amount
of data to analyze, and we had limited time to carry out the testing. Keeping the overall test dura-
tion short also made it possible to test over 30 participants within our timeframe and increased the
likelihood that people would agree to participate.

8.4 Data Analysis

The following section will highlight and contextualise the analytical methods utilised within the eval-
uation of the collected data.

8.4.1 Questionnaire Analysis

The questionnaire was analysed on three different levels. First, The total score of the questionnaire for
each group encompassed each participant’s score (mean of all items). This data was used to caleulate
the overall total of each group, which encompassed the mean (the overall score for the group), the
mean difference, the standard dewviation (SD), SD difference and p-value. Second, the scores for
each category were analyzed similarly, including means, mean differences, SDs, SD differences, and
p-values. Third, for the Anxiety and Sound categories, each individual item was also analyzed with
the same statistical measures.

To assess the assumptions for statistical testing, frequency distribution, Shapiro-Wilk test, and QQ-
plot were used to assess the normality of the datasets and Levene's was used to assess homogeneity of
variance. Mann-Whitney U was used to assess statistical significance in the datasets of each item and
category, as these were not normally distributed, while independent T-test was used for the overall
total of each group, as these datasets were normally distributed. For the categories Reward and
Focused Attention, it was deemed these items should not be looked at individually, as they are taken
directly from O'Briens UES-5F. As with many standardized questionnaires, the items are not meant to
be looked at individually, such as with SUS-scores [36].
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8.4.2 HR & GSR Data Analysis

The HR and GSR data were analysed using the same procedures due to similarity in data. The datasets
were not based on raw values but rather consisted of each participant's average change from baseline,
the delta heart rate and delta GSR values relative to their individual baseline measurements. The
analysis began with removing abnormalities and outliers. Normality was assessed using the Shapiro-
Wilk test, which assesed normality for all data sets. This was followed by Levene's test to evaluate the
homogeneity of variance. The HR data showed equal variance, while the GSR data did not. Therefore
to assess statistical differences, the independent t-test was used for HR, while Welch's t-test was used
for GSR. The overall mean for each dataset was also calculated.

8.4.3 Interview Analysis

The interviews were analyzed using content analysis, a method that allows for quantifying qualita-
tive data. Two researchers independently coded the interview transcripts to ensure reliability and
consistency in the analysis. After the initial coding, the coders discussed any discrepancies to reach
consensus. This process helped improve the accuracy of the coding and ensured inter-coder reliabil-
ity. The content analysis focused on identifying how many participants directly mentioned, indirectly
referenced, or did not mention acousmatic sounds at all. The frequency of references to specific acous-
matic sounds, as well as cases where participants referred to an unspecified acousmatic sound without
identifying exactly which one was also identified.

8.5 Findings

This chapter presents the findings from the study's the data measures used in the final testing: the
questionnaire, heart rate (HR), galvanic skin response (GSR) and participant interviews. The findings
are presented in the following sections.

8.5.1 Questionnaire

The questionnaire was conducted for both Group A (n = 16) and Group B (n = 16). The ques-
tionnaire assessed scores in four categories, totaling 14 items in total. Each item was presented in
Likert-scale format, featuring positively framed statements, where participants indicated their level
of agreement with each statement on a scale of 1 (strongly disagree) to 5 (strongly agree). The first
dataset consisted of the mean of the participants’ scores across all items in all categories. Firstly, the
datasets for each group were tested for normality using visual inspection of their frequency distribu-
tions (see Appendix 9). The frequency distributions suggested a tendency toward normality, though
this was challenging to assess, particularly for Group A, which had more data points clustered at the
higher end. To support this assessment, QQ-Q plots (see Appendix 10) were also used for visual in-
spection. These plots indicated that both groups approximated a normal distribution, but Group B's
data aligned more closely with the line, whereas several data points in Group A deviated more from
the line. Therefore, a Shapiro-Wilk test was used to confirm the normality. The results confirmed that
the null hypothesis, which states that data comes from a normally distributed population, could be
accepted for both Group A (p = 0.14) and Group A (p = 0.03)

A boxplot over the questionnaire scores was created for both groups (Figure 41). For group A, the box
plot showed a median around 3.8, meaning that around 50% of the data falls below this value and the
remaining 50% above. The whiskers range from a minimum of approx 3.4 to a maximum of approx.
4.75, encapsulating all data points except for one outlier, represented as a dot. Although outliers can
be removed, all data points were kept, as every response is considered valuable including less positive
ones. For group B, the box plot showed a median around 4.1. The whiskers range from a minimum of
approx 3.1 to a maximum of approx. 4.8, encapsulating all data points.
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Boxplot of Questionnaire Scores by Group
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Figure 41: Boxplot of questionnaire scores for Group A and Group B, The x-axis indicates the two participant groups,
while the y-axis shows the questionnaire scores on o Likert scale. Ench box represents the interguartile range (TQR),
the horizontal line inside the box shows the median score, and the whiskers indicate the range excluding outliers.
An outlier is marked as o drcle.

The means, standard deviations (50, and difference in 5D and means between the two datasets were
calculated. To assess whether there was a statistically significant difference between the groups, ho-
mogeneity of variance was assessed using Levene’s test. The test indicated that the variances were
equal, allowing us to proceed with an independent t-test. The results can be viewed in Figure 42. The
independent t-test yielded p-value above 0.05 (p = 0.92) significant level, which means The difference
between the two groups is not statistically significant.

For all categories total, the same approach was used to assess normality and variance: frequency
distributions, Q-Q plots, and the Shapiro-Wilk test were used to evaluate normality, while Levene's
test assessed homogeneity of variance. None of the datasets in each group for all categories were
normally distributed, but homogeneity of variance was confirmed for all the categories. Therefore,
to assess statistical differences between groups, the non-parametric Mann-Whitney U test was used.
Across all category totals, none of the p-values fell below the significance threshold of 0.05, meaning
none of the differences between the two groups in any of the categories are statistically significant.
For the categories Anxiety and Sound, each individual item was also analysed using the same proce-
dure: tests for normality and variance were conducted, followed by Mann-Whitney U tests to assess
group differences. As with the category totals, no statistically significant differences were found. All
of the results can be viewed in Figure 42 below. Though, it was noticeable that Anxiety received
consistently lower ratings than Sound in both groups. To examine whether this difference was statisti-
cally significant, a Mann-Whitney U test was conducted for each group, as the data were not normally
distributed but showed equal variance. The results showed a p-value of 0.00 for both Group A and
Group B, indicating a statistically significant difference between the Sound and Anxiety scores within
each group.
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Additionally, we assessed whether there were significant differences in gender, how often partici-
pants play video games, or whether they enjoy horror games. However, either the distributions were
too skewed, for example in group A, where 15 participants were male and only 1 was female, making
statistical testing unreliable or no statistically significant differences were found. Therefore none of
the findings will be reported.

Questionnaire Results
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Figure 42: Questionnaire results comparing Group A and Group B across four categories: Focused Attention, Reward,
Anxiety, and Sound. The fndividual iterms in the category Anxiety are labeled AXT through AXS, and the individoual
iterms in the category Sound are 501 through 5D4. For each item and category, the table shows the mean score,
standard deviation (800, differences in means and SO between groups, and assoclated p-values. “Total™ rows

summarise scores aoross all items within each category, while the final “TOTAL” row combines results from all
questionnaire items in their respective groups,

8.5.2 Heart Rate Analysis

HR was measured for all participants across both Group A (n = 16) and Group B (n = 15), though
one reading was lost during testing. Because of unreliable readings, outliers were removed from
each group using Z-scores with a threshold of £2.5, which resulted in the removal of one substantial
outlier. Normality was thereafter assessed using the Shapiro-Wilk test. The results from the Shapiro-
Wilk confirmed that the null hypothesis, which states that data comes from a normally distributed
population, could be accepted for both Group A (p = 0.21) and Group A (p = 0.20). Homogeneity of
variance was then evaluated using Levene's test. The results indicated that the variances between the
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two groups were unequal (p = (L01). As a result, Welch's t-test was utilized to assess any statistical
difference, as it does not assume equal variance. The results yielded no statistical difference between
Group A and Group B (jp = 0.16) . The Mann-Whitney U test was also conducted as a non-parametric
comparison, similarly reporting no significant difference (p = 0.47). Group A had a mean of M = 6.22
. while Group B had a mean of M = (.02 .
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Figure 43: Distribution of average ABPM values for Growp A and Group B porticipants.  This figure presents
histograms and kernel density estimation (KDE} plots of ABPM for each participant, caleuloted by subtracting their
biseline BFM (mean of the baseling phase) from their smoothed game-phase BPM. The x-axis shows the averoge
MABPM per participant, while the y-axis represents the estimated probability density.

8.5.3 GSR Analysis

GSR was measured for all participants across both Group A (n = 12) and Group B (n = 12), though
4 readings from each group was lost during testing. Because of unreliable readings, outliers were
removed from each individual dataset using Z-scores with a threshold of +3.5. Subsequently, group-
level outlier removal using a threshold of £2.0, which identified no additional outliers across sam-
ples.Normality was thereafter assessed using the Shapiro-Wilk test. The results from the Shapiro-Wilk
confirmed that the null hypothesis, which states that data comes from an approximately normally
distributed population, could be accepted for both Group A (p = 0.50) and Group A (p = (0.70). Ho-
mogeneity of variance was then evaluated using Levene's test. The results indicated that the variances
between the two groups were unequal (p = (.80). As a result, the independent t-test was utilized
to assess any statistical difference. The results yielded no statistical difference between Group A and
Group B (p = 0.09). The Mann-Whitney U test was also conducted as a non-parametric comparison
and similarly showed no significant difference (p = 0.10). Group A had a mean of M = - 16660,
while Group B had a mean of A/ = —44.06.
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Figure 44: Distribution of average AGSE values for Group A and Group B participants. This fipure displays KDE
plots and overlaid histograms of average AGSR valuwes, computed by subtrocting each participant’s baseline GSR
(approxcimated from the first 100 samples) from their GSR readings. The x-axis represents the average AGSR per
participant, while the y-axis indicates the estimated probability density

8.5.4 Interviews

A total of 15 interviews from Group B were included in this analysis. The bar chart below (Figure
45) shows how many participants referenced acousmatic sounds. Out of the 15 participants, & (40%)
directly mentioned acousmatic sounds, & (40%) did not mention them, and 3 (20%) indirectly refer-
enced them. Examples of indirect mentions include statements like, “So there was a sound that came,
and then it was like ‘uhh, where did that come from®" (B11) or “Noises that came like out of the blue”

(B09).
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Number of Participant Referencing Acousmatic Sounds
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Figure 45: Barchart showing the number of participants by type of reference to acousmatic sounds. The x-axis
represents the three reference types: Divect (participants who explicitly mentioned coousmuatic sownds), No Mention
(participants who did not mention acousmatic sounds), and Indirect (participants who implicitly referred to acous-
muatic sounds) The y-axis shows the number of participants in eoch category.

When looking at the number of different acousmatic sounds mentioned (counting only unique men-

tions per participant), footsteps were mentioned by 5 participants, children’s laughter by 2, whispers
by 1, and general indirect references to acousmatic sounds were made by 3 participants (Figure 46).
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Number of Unigue Mentions

Unique Mention Per Acousmatic Sound

Sound Types

Figure 46: Barchart showing the number of unigue mentions of different acousmatic sounds.  The x-axis [ists
the categories: Whisper, Footsteps from behind, Children’ loughter, and Reference to acousmuatic sounds (which
indicates indirect mentions). The y-avis represents the number of unigue mentions, counting each participant’s
repected mentions of the same sound only once.
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9 Discussion

This chapter will discuss the results of the final test, aswell as design, implementation and test proce-
dure.

9.1 Questionnaire

The results from the questionnaire showed that the overall mean engagement score for Group A (no
acousmatic sounds) was 4.01, while Group B (with acousmatic sounds) had a mean of 4.03. This
results in a mean difference of 0.02, and an independent samples t-test indicated no statistically sig-
nificant difference between the groups (p = 0.92). Although both groups had relatively high overall
scores, the project aimed to explore the extent to which acousmatic sounds could intensify anxiety.
Both groups had a standard deviation (SD) of 0.5, suggesting similar overall variability in responses.
However, the boxplot for Group B showed a slightly wider spread, which is visible in the longer
whiskers and the larger box, showing that all the data in general had a wider range compared to Group
A (see Figure 41). While the SDs are identical, this could be because of the single lower outlier (3.00)
in Group A, which could artificially increase the SD. If this outlier were removed, Group A's 5D might
be slightly lower, reflecting less variability. However, given the small difference and lack of statistical
significance, these minor variations are likely due to random variation rather than a meaningful effect.

When examining the four categories, Focused Attention, Reward, Anxiety and Sound, none of them
showed any statistically significant difference between groups, as all p-values were above the 0.05
threshold. In terms of mean differences, Group A scored higher in Focused Attention (mean differ-
ence == (.11} and Reward (mean difference = 0.21), while Group B scored higher in Sound (mean
difference = 0.16) and Anxiety (mean difference = 0.14). Although it could be interpreted that Group
B's higher scores in Sound and Anxiety as suggesting that acousmatic sounds had some effect, these
differences are small, and given the lack of statistical significance, it is most likely due to random
variation rather than meaningful effects.

When looking at the standard deviation in general, they could be interpreted as relatively high. This
can be due to different reasons, such as whether participants enjoy horror games, whether they play
video games at all, and what genres they prefer, especially within horror. A game is not meant to ap-
peal to everyone equally, and people also react differently to sounds. Some may be desensitized and
less affected because they are used to horror games, while others who rarely play or watch horror may
respond more strongly. To explore whether these differences could explain the variability, it was at-
tempted to assess statistical significant differences in gender, how often participants play video games,
and whether they enjoy horror games. However, as discussed in Findings (see Section 8.5.1) for the
questionnaire, either the group distributions were too skewed or no statistically significant differences
were found. This does not necessarily mean that no real differences exist, but that we might not have
had a large or balanced enough sample size to detect them. Therefore, a larger and a more balanced
sample size would be needed to detect these potential differences.

While there were no significant differences between the groups in the four categories when comparing
Group A and Group B's categories, there was a noticeable difference between the category Anxiety and
Sound within both groups. Group A (p 0.00) and Group B (p 0.00) both had significant differences
when comparing their Anxiety and Sound categories to each other within their respective groups,
with the category Sound having a much higher overall mean than the category Anxiety both for group
A and Group B. The significantly higher scores in the Sound category compared to Anxiety indicate
that while the sound design was well received, it did not translate into heightened anxiety, even for
Group B, which experienced acousmatic sounds. This suggests that although the sound elements were
anxiety-increasing, they were not sufficient on their own to elevate overall anxiety throughout the
experience. Additionally, the acousmatic sounds may have had too subtle an impact, or were not used
in ways that maximized their unsettling potential. Maybe more acousmatic sounds should have been
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added throughout the game to make a stronger impact.

9.2 HR & GSR

The HR and GSR data both showed no statistically significant difference between Group A and Group
B, as determined by both the independent t-test and Mann Whitney U. This suggests that, within the
limitations of our setup, there was no clear indication of increased physiological reaction in either
group during gameplay. The reported means for AHR for group A was 6.22. while for Group B it was
-0.02, and for AGSR the reported means for Group A were -166.69 and -44.06 for Group B. While for
HR, group A on average had higher change in HR, both groups had negative changes in their GSR.
The reliability of these results is limited by several methodological constraints. The HR measurements
were collected using a self-built system due to a lack of facilitation of validated commercial devices.
Both the GSR and HR apparatus measured irregular and abnormal data points during the test.
Furthermore, participants were not given sufficient time to return to a true resting state when reading
their baseline recordings and before the gameplay phase began, leading to elevated baseline readings
for both GSR and HR. This is evident in Group B's negative mean AHR, and the overall negative
changes in GSR may also indicate that baseline measurements were higher than they should have
been. It would not make sense for the average heart rate to drop below resting levels during a horror
game, especially when compared to the questionnaire results. While the anxiety measure did not show
the strongest response, indications were still made that participants felt somewhat anxious.

Potential spikes in each participant's HR. was examined. However, no consistent spikes aligning with
the acousmatic sounds were found. Additionally, the large number of inaccurate and unreliable dara
points meant that even if some spikes had been observed, it would still be difficult to draw any mean-
ingful conclusions.

Several actions could be made, to improve the data collection based on observed faults in the pro-
cedure. This includes the procedure itself and the data measurements. Some of the biggest issues
encountered during the test was loss of data. Many actions had to be taken in regards to collecting
and storing of data. This led to user errors, and thus loss of data or failure of collection. Such ac-
tions which complicated the data collection include actively starting each recording of data, manually
moving and renaming of data after collection, changing between testing group A and group B and so
fourth. Given more time or better circumstances, improvements could be made to the collection of
data by automating more processes. However, some amount of manual actions must remain to keep
control of the process.

Before using the HR and GSR apparatus for the final testing, it was tested multiple times within
the group to ensure it collected reliable data. While some issues were identified during this initial
testing, they seemed to be resolved before the final test. However, that turned out not to be the case,
as further issues arose during the final testing phase, and there was not enough time to address them
properly. Although we attempted to account for potential problems by testing the devices within the
group beforehand, this was clearly not sufficient enough to ensure reliable readings. It would have
been beneficial to include the equipment in the pilot testing and, more generally, to begin working
with the HR and GSR sensors earlier to minimize errors during the final test. The issues encountered
included missing data points, where measurements were not recorded at all, and unrealistic spikes in
the data, both extremely high and low readings that were not plausible. However, this simply is based
on observation and it cannot definitively be said how reliable or unreliable the physiclogical data is.

The handling of the HR and GSR during testing could also have been improved, mostly in terms
of the baseline readings which were logged before actual gameplay readings. Taking more time to
ensure that a proper baseline reading was done would make the datasets more reliable, as the current
setup did not allow for a cooldown period for when participants arrived. The loss of participant data
further reduced the sample size, highlighting the need for better data management.
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Regarding validity, it is important to acknowledge that changes in HR and GSR could be influenced by
factors other than anxiety. For example, participants may experience nervousness simply due to being
monitored or due to the testing environment itself. Although efforts were made to reduce this, such as
providing rest time before the game and leaving the room during gameplay, it cannot be stated with
complete certainty that any observed physiological changes when it comes to HR and GSR are caused
by anxiety alone. Overall, alot needs to be improved when it comes to HR and GSR measurements
before any meaningful conclusion can be made. Therefore, given the small sample size and known
measurement errors, these results should be interpreted with caution.

9.3 Interview

The results indicate that acousmatic sounds were a significant part of the participants’ experience,
with 60 percent of particiapnts mentioning them either directly or indirectly (see Figure 45) . This
suggests that these sounds contributed noticeably to the experience. Among the specific sounds, foot-
steps made the strongest impression on participants, while whispers were mentioned least frequently
{see Figure 46.) This difference could be due to several factors, such as their iming in the experience
or that whispers being more subtle could have been less noticeable or impactful or deemed a less scary
sound.

Although acousmatic sounds influenced participants’ experience, it is possible that the number or
intensity of these sounds was not sufficient to significantly raise overall anxiety levels throughout the
almost 20-minute-long game. The length of the experience might have diluted their impact over time.
A longer or more in-depth interview could potentially have uncovered richer insights into how partici-
pants experienced these sounds and their effects on anxiety. However, due to time constraints and the
need to conduct multiple tests, the interviews were kept brief, limiting the depth of qualitative dara
collected.

Despite the fact that the interviews were surface level and did not go in-depth about participants’
experiences in depth, the fact that over half of the participants independently identified acousmatic
sounds as being big contributors to them feeling anxious suggests there is meaningful potential in
this area. These findings support the idea that acousmatic sounds can influence anxiety response. As
mentioned earlier, the number and intensity of such sounds might need to be increased to produce a
more consistent or measurable effect.

Importantly, the interview questions were intentionally broad and open-ended. While the interview
questions could have asked participants directly about the three specific acousmatic sounds used in
the game, it was chosen not to in order to avoid influencing their responses. This allowed us to see
whether participants would bring up these sounds by themselves, which can be a stronger indicator
of impact. That said, it is possible that some participants who did not mention acousmatic sounds
were still affected by them but simply did not recall them during the brief interviews. The short inter-
view length could have prevented participants from fully reflecting on all aspects of their experience
regarding the sounds, meaning some reactions to specific sounds could have gone unreported in the
interviews. A more effective approach could have been to first allowing participants to speak freely
about any sounds they remembered, such as done in the interviews and then, if they did not mention
the acousmatic sounds, ask the participant a more direct follow-up question regarding the acousmatic
sounds specifically. This would have maintained the integrity of the open-ended approach while also
ensuring relevant data was not missed and still have kept the interviews fairly short.

One area that could have been improved was the design and execution of the interviews. The in-
terviews conducted were short and lacked depth. While they did gather some useful data, the focus
was primarily on counting how many participants mentioned specific elements like acousmatic sounds,
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thereby quantifying rather than understanding how and why these elements affected them. Conduct-
ing longer, more structured interviews could have provided richer qualitative insights and allowed for
a more nuanced understanding of the player experience. This would have helped in evaluating the
emotional impact of acousmatic sounds. In the future, giving more time for in-depth interviews could
significantly strengthen the quality of the qualitative data collected.

9.4 Design, Implementation & Test

One aspect of the design and implementation that could have been handled differently was the overall
project scope. The project may have been overly ambitious, which ultimately led to delays. Too much
time was spent on narrative development and 3D modelling, which limited the focus on implementing
acousmatic sounds effectively and having fully finished games without bugs. During the final testing
phase, a number of bugs were still present, and several participants encountered these issues while
playing. Therefore, it could be discussed whether these bugs could have impacted player's immer-
sion, thus reducing anxiety experiences. While this does not explain the lack of difference in anxiety
responses between the two game versions, it may have contributed to the overall low anxiety scores
observed in the questionnaires in both groups.

Another important aspect that was not put enough attention to was the level of interactivity in the
game environments. The current version of the game features three different environments, but due
to limited time, the environments feel underdeveloped. The lack of interactivity might have affected
the player experience in relation to the core design focuses of Discovery, Narrative, and Challenge,
which were central to the design of the game. The game has limited opportunities for exploration and
meaningful interaction, which makes the game end up feeling quite linear, with not much to discover
despite having large environments. This could potentionally be weakening the game's potential for
players to feel immersed and emotionally impacted by the game. More interactive elements, such as
puzzles, dynamic event and sound triggers, or narrative clues in the environment could have strength-
ened the sense of discovery, challenge and narrative.

Based on the discussion about immersion, it could have been beneficial to include evaluation of im-
mersion as a part of the final evaluarion. This could have been done using standardized immersion
questionnaires, such as the Immersive Experience Questionnaire (IEQ), to assess how immersed the
plavers were during the gameplay. Including this could have helped identify whether immersion was a
contributing factor to the perceived anxiety or lack thereof. For example, it might could have revealed
whether the acousmatic sounds were effective but their impact was reduced by low immersion, or
conversely, that the game was immersive but the sounds were not unsettling or frequent enough to
induce anxiety.

The design and implementation would also have benefitted from a more iterative design process,
as also called for by the MDA framework (see Section 2.2). The effectiveness of various design el-
ements, the overall game experience and the acousmatic sounds could have been evaluated earlier
and more frequently throughout development of the game. For example, different acousmatic sounds
could have been tested on participants before deciding which ones to use in the final version, in order
to identify which were perceived as the most unsettling or anxiety-inducing.

Short sound clips could have been presented to individuals in a quiet testing environment, where they
would rate each sound on dimensions such as unsettling and anxiety-inducing. This could have been
done using Likert scales, for example from 1 = not unsettling at all to 5 = extremely unsettling, along
with by open-ended questions like “What emotions did this sound evoke for you?".

In addition to isolated sound testing, the acousmatic sounds could have been integrated into the ear-
lier prototype test, such as Anxiety test. Participants could then give feedback on how the sounds
affected their emotional state within the scene within the given context, not just as isolated sounds.
This kind of iterative testing: gathering feedback, refining sounds, and re-testing would have made
it possible to select and fine-tune the acousmatic sounds. Not only would this have made the audio
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design more intentional, but it would also have ensured that the chosen sounds resonated with players
in the intended way, potentionally increasing the overall emotional impact of the experience.

While a movement/controls test and a fear test were conducted, the results from the Anxiety category
suggest that these evaluations were not sufficient enough to determine whether the game was effec-
tive in provoking anxiety. Many changes were also made after these early tests, and the game was still
far from complete at that stage. This meant that many newly implemented elements were not tested
at all within those early assessments. Addirional testing throughout the implementation phase could
have provided valuable feedback that would have given more meaningful iterations to the design and
implementation.

Regarding the implementation of acousmatic sounds, it has been discussed whether more of these
sounds should have been included in the final design. Additionally, it could be considered whether the
game should have incorporated some form of resolution or payoff in relation to the acousmatic sounds
or just in general added a threat of some sort. The game was designed to evoke anxiety, which - as
defined in the Analysis - relates to the anticipation of a threat that is uncertain, ambiguous, or vet to
occur, in contrast to fear, which is triggered by an immediate and identifiable danger (see Section 2.1).
With anxiety being anticipatory, it relies on the potential for something to happen, a threat to occur. If
acousmatic sounds repeatedly occur without leading to any type of threat or negative outcome, play-
ers may begin to recognize that there is no real threat present within the game. This lack of payoff
or in general lack of threat in the game could potentially cause player's to become desensitized to
acousmatic sounds, which thereby could lead to the sounds eventually losing their emotional impact.
This could also have been tested in the early prototypes of the game together, similar to testing the
actual acousmatic sounds. Specifically, two versions of the prototype could have been created: one
where acousmatic sounds occurred frequently without any threat or consequence linked to them, and
another where the acousmatic sounds were directly linked to an in-game threat. By comparing player
reactions between these versions, it could have been assessed whether the lack of payoff led to desen-
sitization and diminished the emotional impact. This approach would have provided valuable insight
early in development on how to maintain the anticipatory anxiety we aimed for and informing the
sound design decisions in the final game to better sustain anxiety. If this showed to be true, the game
could have benefitted from including some sort of threat, enemy or likewise to make sure players
knew there was a threat present and preserved the sense of anticipation by confirming that the sounds
signalled actual danger, rather than empty warmnings.

Regarding the approach for this FPS, the testing methods are more closely aligned with the ques-
tion “Can acousmatic sounds increase anxiety?” rather than “To what degree do they increase it?".
Even if the game had successfully increased anxiety, it would not have been possible to fully answer
the FPS in terms of measuring the extent of that effect. At best, the results could indicate that anxi-
ety can be increased and maybe to what degree the three acousmatic sounds included in the project
could increase anxiety. However, determining to what degree acousmatic sound design in general
could increase anxiety would require a significantly broader scope and other testing methods. Testing
multiple different versions of the game with varying amounts and types of acousmatic sounds could
have helped identify a potential “sweet spot” in sound design, meaning the optimal point at which
acousmatic sounds most effectively increase anxiety before players begin to become desensitized or
where additional acousmatic elements no longer contribute meaningfully to increased anxiety. Rather
than a simple A/B testing approach, A/B/n testing would be necessary to explore the relationship
between acousmartic sound implementation and anxiety levels.
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10 Conclusion

The project sought to answer the final problem statement: “To what degree does acousmatic sound de-
sign increase horror-game-player's anxiety, compared to the lack thereof, in a psychological horror game
based on fear of the unknown?" Based on the findings and our discussion, we conclude that while
acousmatic sounds were noticed by players and mentioned in interviews as impactful elements, they
did not significantly increase measured anxiety compared to non-acousmatic sound design. The ques-
tionnaire results revealed no statistically significant difference in scores between the two groups, and
physiclogical measures (HR and GSR) showed no significant difference either, though these results
were limited by reliability and validity. Despite the lack of quantitative evidence, the qualitative dara
suggests that acousmatic sounds contributed to the feeling of anxiety. Over half of the participants
identified them independently during interviews, particularly noting the effectiveness of inducing anx-
iety of certain sounds such as footsteps. However, the intensity, the frequency and the usage of these
sounds may not have been sufficient to produce a consistent or measurable rise in anxiety across the
players. This indicates that while acousmatic sound design holds potential for increasing anxiety in
horror games, we cannot conclude to what degree acousmatic sound increases anxiety.

In conclusion, acousmatic sounds appear to influence players' anxiety to some extent, but in this
study, they were not sufficient on their own to significantly elevate anxiety to a measurable or statis-
tically significant level. Therefore, we are not able to conclude as to what degree acousmatic sounds
affect player anxiety.
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1 Interview questions and answers from anxiety test

The interview gquestions and answers from the anxiety test can be found in the ZIP file under the
filename: "Anxiety Test Questions and Answers".

2 Preliminary information Group A

2.1
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2.3 How often do you play video games?

How often do you play video games
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Figure 49: How Often The participants play video gomes for Group A
2.4 How often do you play horror games?
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Figure 50: How Often The participants play Horror Games for Group A

2.5 Do you like horror games?
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Figure 51: How users like horror games group A
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3 Preliminary information Group B

3.1 Age Distribution
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Figure 52: Age Distribution Group B
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Figure 53: Gender Distribution Group B
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Figure 54: How Often The participants ploy Video Games Group 8
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3.4 How often do you play horror games?

How often do you play horror games
16 svar
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@ Daily

Figure 55: How Often The participants play Horror Games for Group B
3.5 Do you like horror games?

Do you like horror games
16 svar

& Yes
® No
9 Meutral

Figure 58: How users like horror games group B

4 Raw data from questionnaire final test

The raw data, including questions and answers can be found in the ZIP files under the filenames:
“Final test Group A Raw data" and "Final test Group B Raw data".

5 Raw data from GSR and HR final test

The raw data, including questions and answers can be found in the ZIP files under the filenames: "HR
raw data" and "GSR raw dara".

6 Interview questions from final test

1: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific moments that
made you feel that way?

2: At any moment, did the sound design make you feel anxious or uneasy? If yes, can vou recall
any specific moments where that happened?
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3: At any moment, did you notice yourself reacting to a sound, such as jumping, pausing, or be-
coming more cautious? If ves, can you recall any specific moments where that happened?

7 Interview transcripts from final test

7.1 Participant BO1

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant BO1: Ja, ja det gjorde jeg. Erhm, right when I entered, I think it was the boys bed-
room where there was the scissors under the bed, there was a running noise right at the beginning,
that was probably when [ got the most scared

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant BO1: Yeah, the pulsing, veah, but also right at the end when there was no journal, but
this journal guy was just screaming in my ear, | can't remember what he said but he was screaming
something, that was also part of it.

Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant BO1: Yeah, | paused a lot, and I was very cautious the whole time. And for example
the little girls, I don't know, playtent? 1 made sure to go check that out last, because 1 thought some-

thing bad was gonna happen right in that tent. Yeah so, | made sure to plan so | checked everything
around the thing I thought was scary first.

7.2 Participant B02

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant B02: Det vil jeg sige ja, is@r her til sidst hvor man lige pludselig skulle lebe og ikke
rigtig vidste hvad der skete og ja, hvad der var rundt om en, nar rummene lige pludselig skiftede.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B02: Ehh, det vil jeg ogsa sige ja, ogsa bare at hele tiden have det her hjerteslag, der
bliver ved med at man sidan, at det er det man skal falge for at finde ting og sidan noget. Men altsa
bare det at have lyden gar en lidt mere bange fordi at, ja, ens hjerte slar hurtigere nar man er bange.
Interviewer: Sa altsa det her ambience lyden og lignende?

Participant BO2: Pracis ja

Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B02: Alisa der da bogreclen, som der lige pludselig noget der reg ud af den, sa var
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det lige sidan hurrigt, ja en lille smule vil jeg sige.
Interviewer:: Var der andre tidspunkter eller noget?

Participant B02: Ogsa en lille smule der til sidst nar man skulle til at lebe lige pludselig, nar man
bliver fanget og alt det sorte kommer, sa naede jeg ogsa at fa et lille chok, hop lignende.

7.3 Participant B0O3

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant BO3: Yeah, the second bathroom [ think, when the door was locked.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
vou recall any specific moments where that happened?

Participant BO3: Yeah, a lot of the time there was a heartbeat at some point, which I found quite
interesting and made me a bit anxious.

Interviewer: At any moment, did you notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B0O3: Ehhh, not really, there was a small section where sound cut out, before repeat-

ing so it didn't loop, like, perfectly, that was the only part where [ think, I became more aware of the
sound really, so it had quite the opposite effect somehow, but that was, like, the only thing.

7.4 Participant B04

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant B04: Yes, | would say | was anxious, yeah.
Interviewer: Were there any specific moments?

Participant B04: A lot of the times when the heart was beating when you got like closer to where
some of the clues would be, yeah [ felt that was like a point of tension.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B04: Yes, | would say so as well, I think mostly at the end, where it sounded like someone
was running behind me, that was, uh yeah, very scary [nervous laughter].

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B04: Yeah, that was the, when he yelled run at the end, I expected the heart to fly at
me, but not like a big sound, so I jumped a bit in the chair [laughter]
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7.5 Participant BO5

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant B0O5: Yeah, there were two moments when [ got straight up goosebumps, very specifically
there was the biggest effect was when 1 heard footsteps behind me, ooooo, that creeped all the way
up, that was nice. And then at the very end when it said “run”, and [ just heard a lot of noise behind me

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B05: Uhmm like, the sound design, helped with the different effects, some of them
were better than others, but overall sound experience wise, 1 think that's more specifically on the
recordings, for me they didn't really that feel that scary | got more, just, annoyed at the part where
the microphone peaked, more than anything. That's for that specifically. 1 don't feel like the sound
design as a whole made me anxious it was maore specific places.

Interviewer: Like the footsteps behind you?
Participant BO5: The footsteps behind me yeah.

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B05: Footsteps worked really well, got me really anxious that someone was there, also
because before that I had seen the figure walk up the stairs. The heartbeat, very intense, liked that a
lot, that really also elevated the experience a lot [ feel like.

7.6 Participant B06

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant B06: Yes, throughout most of the game [ think [ felt pretty on edge. Yeah, multiple,
like the child's laughter in the children's room in the first part of the game, and the footsteps at one
part, I don't remember when there were running footsteps, that was in the second part [ think, those
two stood out to me and then the ending of course, the run part was also pretty intense.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B0O6: Yeah, | think the examples | had were very much sound related right? 1 feel like the
sudden sounds like worked well

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B06: Yep, | think the running footsteps made me turn around and close the door im-

mediately, yeah | was not gonna laugh at this one, yeah but it was like, oh! Oh nope! No thank vou to
that. Yeah.
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7.7 Participant BO7

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant BO7: Uhm, I think after like the beginning when I got a little more immersed it was a
little, like, anxious, scary, but 1 think its maybe because I have played games like this before, uhh, it
was not as, like, it wasn't a new thing to me, but it was immersive [ would say.

Interviewer: 5o I guess | can take that as, there were no moments that you could pinpoint that
made you feel anxious or uneasy?

Participant BO7: I guess I could, probably the most, like, a bit anxious was probably when the stairs
appeared the second time [ went through the house right, cause that was something that happened
without me knowing, when I thought I knew the environment.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant BO7: [ think, just generally the heartbeat when it was really loud you knew that some-
thing was going to happen so that made you kind of anticipate something, uhh, so I guess that made
me a little uneasy.

Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant BO7: Hmm, [, yeah that was some point, but not really that much, it was like in the
bathroom for example when they made a loud noise and then everything outside of the bathroom
changed, I was a little, “woah what's happening here” but other than that there wasn't really any
moment that made me, like, physically react to it.

7.8 Participant BO8

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant BO8: 1, ja, ja det gjorde jeg.i hvert fald lige der til slut der nar man marker hjertet sidan
helt, det bare, fordi at lyden bare cutter ud randomly, sa var det nogen gange bare mere humaoristisk,
end det var direkte skremmende, dog at den nogle gange ogsa bare cutter tilbage, sa er det sadan, for
eksempel lige der i slutningen med hjertet, sa fanger jeg den der run, hvilket jeg kan marke, sadan,
skrssmmer mig og sa cutter lyden lige bagefter. Og sa er det bare sddan, "na". Lidt antiklimatisk. Jeg
lab bare og si kunne jeg se at jeg var ved at de, well, okay, forstiet.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant BO8: Ja, klart, I hvert fald surround sound med hjerte lydene nar man gik hen til ting
54 havde det en eller anden form for immersion lyd, om det var tv'et, nogle gange felte jeg at lydene
ikke rigrig passede, man gik op til vinduet og sa var der fugle, der gav mig sidan lidr en, hvad skal
man kalde det, en god felelse. I hvert fald ogsa tapesene, igen nogen af dem herte jeg slet ikke, da
jeg opdagede at jeg kunne play dem tilbage sa prevede jeg jo det for ligesom at regne ud om "har jeg
misset et eller andet”, jeg missede s3 ogsi et tape s, det ved jeg ikke hvor er, ja det tror jeg er det.
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Interviewer: At any moment, did you notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant BO8: Ja, det er klart, det med run lyden, der var ogsa nogle gange med Markus voice-over
hvor det var sadan, meget uforventet hajlydt, eller den laver en eller anden cut off lyd, sa kunne jeg
godt marke at "Oh!" Der var et eller andet, man lige skulle reagere pa der. Men det var mest de haje

lyde, hvor det var sadan, de kerte de samme niveauer, og sa lige pludselig sidan et lyd jumpscare,
hvis man skal kalde det det.

7.9 Participant B09

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant B09: Not a lot, but a little bit.
Interviewer: Can you recall any specific moments that made you feel that way?
Participant B0O9: Ehh, sometimes when there would be noises that came like out of the blue.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B09: [ don't know, [ feel that it did the purpose of the game, like the sound.

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B09: Eh, a little bit yeah, and also with like the heartbeat when it was stronger somewhere
I knew it was in the right place and yeah [nervous laughter].

7.10 Participant B10

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant B10: Ja, det synes jeg, er det noget specifikt eller bare sadan generelt?

Interviewer: Ja, noget specifikt?

Participant B10: Jeg synes iszr lydende var meget, altsd hver gang der kom sidan en lyd bagfra
eller sadan, det er fordi jeg tror, har i det sadan at det kommer i forskellige gre? Fordi det kan man

godt here, fordi nogle gange bliver man lidt sidan, "woah”, der er et eller andet, sa klart de moments.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B10: Klart, sound designet var det, der gjorde at man felte sig anxious. Og ogsa nar

man blev lidt “Uhh" si var det fordi der var et eller andet, enten var det Markus der rabte ind i hov-
edet pa mig eller ogsa er der et eller andet der kom bagfra og var sadan, ja.
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Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B10: Ja, jeg synes jeg kunne marke at jeg fik et lille s®t pa et tdspunkt, ikke sidan
noget vildt, men ja.

Interviewer: Nu har du allerede sagt, nar der f.eks. kommer lyd bagfra, men har du et specifike
moment?

Participant B10: Ja, et specifikt moment, altsa iseer | de der recordings der var der et eller andet
der faldt ned eller et eller andet der sidan sagde, jeg tror det var der med scissor moment eller sidan
noget der var der ligesom et eller andet, jeg kan ikke huske pracis hvad det var, men der var et eller
andet der, der fik mig.

7.11 Participant B11

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant B11: Hmm, jo, det vil jeg sige. Mest fordi man ikke rigtig vidste hvad der og hvad
man skulle og sadan noget, sa det var meget sidan et murder mystery til at starte med, noget med
ded og noget med blod. §3 det var meger sidan, lidt anxious omkring hvad skal der ske.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
vou recall any specific moments where that happened?

Participant B11: Ja jeg feler faktisk det var det der, sadan, var mest med til at skabe sidan en
uhyggelig stemning

Interviewer: Var der nogen specifikke tidspunkter?

Participant B11: Altsa helt til sidst var det jo meget mere sound og meget mere sadan, ja, on top
of each other, men ogsa bare sddan nogle, jeg foler generelt, ogsa bare sidan nogle sméting som, uhh,
jeg lavede ikke lige noget og men sa var der en lyd der kom og sa var det sadan "uhh hvor kom den
fra?”.

Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B11: Jeg kan godt huske der pa et tidspunkt var en lyd, som kom sadan lidt bagfra
mig, og sa kiggede jeg sidan tilbage, tror jeg, for at se om der var noget eller et eller andet. Ja, jeg
tror at jeg reagerede ret meget pa lydende fordi de var med til at guide hvad der foregik, ellers var
der jo ikke andet der bevagede sig ud over mig derinde, sa pa den made reagerede jeg.

7.12 Participant B12

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant B12: Uhm, | mean a little bit in the end, where you were running from the monster,
is probably what I would memorize the most. [ probably felt a little bit anxious during the, when

the different tapes were played, and also, | mean it differed, because also at some moments it also
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reduced my feeling of being anxious, when I recognized the same sound being played and I just kind
of got used to it.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B12: [ mean, [ actually think the acting, it was actually pretty good, it was pretty good,
I liked it, it was pretty fun. It at least absorbed me in the experience, it immersed me, and also kind
of, because it immersed me, It also kind of made me feel more anxious, so the tapes are probably a
strong key component in making me feel anxious.

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yves, can you recall any specific moments where that happened?

Participant B12: I feel that, maybe, there wasn't a like big, big reaction, but there might have been a
slight reaction, but that would be at the, probably at the end, because [ accidently ran into the monster
because | expected it to come behind me but it was actually in front me so [ had to turn around, that
kind of was like “oh shit I need to change direction”. And uhm, certain moments during the tapes as
well, there were like moments where the audio got a little bit louder and [ didn't expect it but it all
just added to the experience.

7.13 Participant B14

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?

Participant B14: Generally every single part where there is not a shadow creature moving around.
The shadow creature is just like, “oh great, [ have like, a fixed point where I can focus my fear” and
now it's just like “oh now I know it's just a game enemy”. Everything where it was just the general
atmosphere trying to make you anxious, quite succeeded

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
vou recall any specific moments where that happened?

Participant B14: | mean yeah, the sound design, if it has just been the visuals I would have been
a lot more at ease and just be able to walk around as “oh that's a cool uhh, lighting effect” but then
there is just the [unintelligible] and the heartbeat keeping you on edge and changing volume depend-
ing on where you are.

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B14: Yes, I did, sadly I had already, like heard the last tape at the start by just open-
ing the journal, pressing play tape, [ heard the final tape, so that didn't take me off guard that he was
suddenly like, no longer speaking from a tape recording, but the voice became clear, and it sounded
like he was inside of your head, but at another point he just, like, screamed and that shocked me like,
woah, yeah.

7.14 Participant B15

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made vou feel that way?
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Participant B15: Jeg tror jeg var anxious i starten af spillet, og i midten af spillet, og i slutningen
af spillet. Det var faktisk bare hele vejen igennem.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
vou recall any specific moments where that happened?

Participant B15: Ja, det synes jeg, det hele var sidan, gjorde mig hej puls, jeg er heller ikke sa
god til gyserspil 54 jeg bliver mere opslugt sa jeg lever mig mere ind i spillet ogsa, ja.

Interviewer: Var der nogen sidan specifikke lyde som du foler?

Participant B15: Jeg tror det er hjertebanken, fordi sa feler du at dit hjerte begynder at banke il
den rytme, og sadan hviskende og knirkende lyde si man tror at der er nogen men der er der ikke.

Interviewer: At any moment, did you notice yourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yves, can you recall any specific moments where that happened?

Participant B15: Ja, det gjorde jeg, ja. Det var en del af det med whisper, som jeg nevnte for.

7.15 Participant B16

Interviewer: At any moment, did you feel anxious or uneasy? If yes, can you recall any specific mo-
ments that made you feel that way?

Participant B16: Ja, is®r ndr der var, altsd lydeffekterne var virkelig gode, der var nogle is®r, jeg
kunne marke mit eget hjerte hoppe, iszr der var pa et tidspunkt en der lab i baggrunden, eller sidan
selve musikken altsd nir der skete noget dramatisk, for eksempel da hinden kom op. Super godt.

Interviewer: At any moment, did the sound design make you feel anxious or uneasy? If yes, can
yvou recall any specific moments where that happened?

Participant B16: Hele tiden, e det var virkelig godt, det var super nice, ogsa nar man fandt tapesene
og han snakkede, jeg kunne godt lide at det ikke bare sidan var monotont kedeligt snak der var virke-

lig gjort noget ud af det, det gjorde det super ngieren.

Interviewer: At any moment, did vou notice yvourself reacting to a sound, such as jumping, paus-
ing, or becoming more cautious? If yes, can you recall any specific moments where that happened?

Participant B16: Ja, det var det jeg sagde for, det var ikke sidan si at jeg hoppede, men jeg kunne
merke at jeg fik det der "uh!”, gys, altsa sadanne gisp gennem kroppen ik
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8 Questionnaire items final test

Questionnaire Items
Focused attention

| FAL:"T lost myself in the game.”
FAZ2: "The time I spent playing the game just slipped away.”

| FA3: "I was absorbed in the Eame.”

. Reward
BW1: “Playing this game was worthwhile "
RW2: “My experience was rewarding ™
RW3: “1 fele interested in the game.”
 Anxiety
AX1: “1 felt amxions / uneasy while playving the game ™

AX2: “1 was anxious of what might would happen more than what was actually
. happening -

AX3: "1 felt on edge while playing the game”

AX4: “1 was afraid while playing the game "

~ Sound
| 5DI1: “The overall sound design was immersive.”
SD2: “Certain sounds made me fee] like something was present around me ™

| §D3: “Certain sounds made me anticipate something scary was about 1o happen.™

| SD4: “The sound design intensified the feeling of anxiety throughout the game ™

Figure 57: Questionnaine ftems
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9 Frequency distribution over questionnaire scores for Group A and Group B

9.1 Group A Frequency Distribution

Frequency Distribution Group A Questionnaire Scores
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Figure 58: Frequency Distribution Group A Questionnaire Scores

9.2 Group B Frequency Distribution

Frequency Distribution Group B Questionnaire Scores
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Figure 59: Frequency Distribution Group A Questionnaire Scores
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10 Q-Q plots over questionnaire scores for Group A and Group B

10.1 Group A Q-0 plot

Ordered Values

Q-Q Plot Group A Questionnaire Scores
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Fipure 60: Group A (-0 Plot
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10.2 Group B Q-() plot

Q-Q Plot Group B Questionnaire Scores
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Figure 61: Group B (-0 Flot
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11 Shadows Of The Heart Screenplay
The screenplay can be found in the ZIP file under the filename: "Shadows of the Heart Final DRAFT. pdf"

12 Consent Form

the consent form can be found in the ZIP file under the filename: "Consent Form.png"
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