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That sound’s Juicy! Exploring juicy audio effects in video
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Abstract. Juiciness describes exaggerated redundant audio/visual feedback in
games, creating a better player experience. As computer games are principally a
visual medium, sound is an underused potential for creating juiciness. This
study aims to explore juicy audio. A mixed-methods approach is used to inves-
tigate the influence of juicy audio on the experience of presence in the player,
and how players affectively experience and evaluate the juicy audio. Two
versions of a game were created. One containing juicy audio effects, and the
other without juicy audio effects. Results show a significant effect of juicy au-
dio on presence as expressed in immersion and sensory fidelity, where partici-
pants experienced more presence in the juicy audio condition. Regarding the af-
fective evaluation of juicy audio, three themes are identified; association & ex-
pectation, pragmatic quality, and describing sounds. The latter is an interesting
direction for future research, as we appear to lack a shared, intuitive vocabulary
for game sounds.

Keywords: Juiciness, game feel, game design, sound design, game audio, audio
effects.

1 Introduction

Video games as an entertainment medium have become so popular that, at the time of
writing, its total industry revenue dwarves the combined global revenue of the film
and music industries [1, 2]. How to design games to actually be entertaining is still
somewhat of a mystery, with researchers likening game design to ‘something of a
black art’ (Bogost, in [3]). However, far from the generally dubious merits of black
arts, games that lead to more positive play experiences are correlated to higher review
scores [4], which in turn could predict higher sales [5]. If game companies can get a
more predictable return of investment from ballooning entertainment game production
budgets, because they can better predict whether a game is engaging, this could lead
to a healthier, more egalitarian, industry, possibly with less need for predatory mone-
tization practices. However, a paucity in scientific knowledge on what makes games
motivating (as far as that can ever really be known) increasingly has ramifications
outside of entertainment as well, as the motivating qualities of games are used for
non-entertainment purposes, such as gamification and serious games [6].

Nowadays, the use of serious games and gamification designed for the user to de-
velop several different skills in a fun way [7], needs little introduction. However,
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while meta-analyses have proven the merits of serious games from a learning perspec-
tive, there is considerably less evidence for their motivating qualities [8]. There are
many reasons why serious games may end up boring [9], but one particular reason is
that the serious content matter that needs to be learned does not translate well to the
fantastical worlds players come to expect from playing entertainment games [10]. If
the content cannot be changed, perhaps the interaction can be designed to be more
enjoyable and feel more like a game.

Related to this is the concept of juicy game design. Juiciness is a term to describe
exaggerated redundant audio/visual feedback on the players' actions [11], making the
game 'feel good' to create a better player experience [12, 13]. As this term is rather
vague still, it is often described using examples from games. An example is the coins
in Super Mario Bros. These shiny pieces of gold float and rotate in the sky grabbing
your attention, and make a satisfying ‘ping’ sound combined with a small particle
effect when picked up by the famous plumber. Collecting hundred coins will usually
grant you an extra life, but picking up difficult to reach coins will frequently make
you lose lives as well, making their net benefit dubious. That players continue to try
to collect the coins is partially a factor of their juicy game feel. Other more visual
elements to be considered juicy are screen shake, particle effects, and exaggerated
animations.

An important aspect of juiciness is feedback. Schell [14] proposes a lens of feed-
back, where he nudges game designers to think about what players need to know and
need to feel while playing the game. He introduces a lens of juiciness, focusing on
providing continuous and redundant rewards originating from players' actions. Hicks
et al. [15] interviewed game designers to create a framework to analyze juicy games.
In this research, juiciness is explained based on three components mostly related to
giving the right feedback at the right times. These components are related to coher-
ence of game characteristics, how the game state is communicated, and if the feed-
back is confirmatory and unambiguous. Deterding [16] highlights the importance of
the senses (audio, visual, and tactile) and its' promise to promote competence and
curiosity.

In his study, Atanasov [17] defined the quality of juiciness as an emotional re-
sponse, a feeling of reward and satisfaction, and enjoyment of being in the game
world. Swink [18] captures these experiences in the term game feel. In this theory,
juiciness is part of the game feel in the form of the building block of polish. Swink
[18] describes polish as "any effect that enhances the interaction between objects in
the game world, giving clues about the physical properties of objects". These effects
could be screen shake hinting the impact of a collision to the player, particles of dust
indicating the mass of an enemy or a high pitched "ping" sound as a sign of picking
up something of value like a coin.

What these studies have in common is a desire for positive experiences related to
satisfaction in the game and feedback as a means to achieve this feeling. Juiciness is a
balance between feedback and emotional experiences, used to convey the game world
through audio, visual, or haptic feedback responding to players' actions. To feel these
positive experiences, the player needs to be engaged with the game first. As Brown
and Cairns [19] state, the first stage of immersion is engagement and must occur be-



fore any other level. Immersion is the quality of a game that makes a player shuts out
their physical reality and is pulled into the game, creating a sense of presence. Pres-
ence is the feeling of being in the game world based on the user's psychology [20].
Brown and Cairns [19] see presence as total immersion, creating an atmosphere. Here
the graphics, plot, and sound combine this feature. Immersion and presence can influ-
ence the attention of the player, and the more attention invested by the player, the
more immersed a player feels.

As research has shown, visual juiciness can contribute to both these factors [21].
But compared to the extensive use of visual information, sound remains an underused
potential [15, 21]. Moreover, sound is often seen as decoration and not relevant for
playing. Audio has the potential to contribute to the juiciness of a game as it can pro-
vide feedback and has an effect on the emotions and fantasy of the player. Audio can
support gameplay [22], and ease the use of a game by providing information about the
states of the system [23]. Additionally, sound is a valuable component of overall
game aesthetics and affective perception [24]. Furthermore, it may be used to create
and enhance emotional impact [25] and contribute to immersion [26, 24]). As it seems
that computer games are thought of as a principally visual medium, sound could
prove to create more possibilities for creating juiciness. Therefore, this study aims to
explore juicy audio and its relationship with presence and immersion.

First, this paper discusses related work to explore the term juiciness. The second
part consists of theoretical background on sound, how this may relate to juicy sound
effects, and can be operationalized in our experiment. We perform a mixed-method
experiment to a) determine whether and how juicy audio effects can improve the feel-
ing of presence and immersion in a 2D entertainment game, and b) how sound is ex-
perienced by players of the game. The main contributions of this paper are therefore
providing more evidence for the importance of juiciness in games, especially in terms
of audio effects, as well as reflections on audio design and directions for future re-
search when it comes to audio in games.

2 Related Works

The visual appeal of juicy games is one of the contributors to an improved player
experience. Van den Abeele et al [27] created two versions of a game to measure the
boundary of which tones children could hear; one made by the researchers and one by
professional game designers. One could say the game designed by the game designers
contains more juice, as it contained more interesting visuals and juicy feedback. Van
den Abeele et al. [27] concluded that this game provided a better player experience
compared to the game made by researchers. The children had a preference for the
professionally designed game and proved to be more effective in-game as well. An
early study of Juul & Begy [28] compared a juicy and non-juicy version of a tile-
matching game and received a negative correlation between juiciness and player ex-
perience. This could be related to the fact that it is not clear which amount of juiciness
is needed to increase the player experience. Kao [29] tested four different conditions
of juiciness, minimal to extreme, of the same RPG game to test at which level juicy



effects hinder players. He uses a more extensive method of creating this juiciness and
uses an iterative method to see if the visual and sound effects fit the game, hinting
towards the contextual nature of juiciness. The results proved that both no application
of juiciness, as well as extreme applications of juiciness, can hinder the player experi-
ence.

Furthermore, Hicks et al. [21] researched the visual appeal of two games using
juiciness and related this to the players' experience and performance. They recreated a
simplistic version of Frogger called Cuber, and an RPG-like game called Dungeon
Descent and added juicy game elements to both of the games. In both of these juicy
games, player experience was increased especially regarding presence and immersion.

Another way to provide feedback to the player is through the use of sound. Kao
[30] used juicy audio effects to stimulate players in opening more loot boxes, which
was efficient. Audio can be used as sensory gratification [31] and engage the player
because it is sensorially pleasing. As it can also provide feedback about the actions of
the player in the game world and make the game feel real [24], juicy audio may con-
tribute to a better player experience and game feel. Sound is also a way to engage
players by creating immersion and presence in games [25, 21]. Ermi and Mayra [32]
describe immersion using three dimensions; sensory-, challenge-based- and imagina-
tive immersion. Juicy sound can contribute to all three of these elements. In the case
of sensory immersion, audio can make the game world feel real. This contributes to
the imagination as well, as footsteps can make players identify with the characters and
create a sense of realism [24]. Physical components of audio, like surround sound or
headphones, can also contribute to sensory immersion [33]. Challenge-based immer-
sion requires motor and mental skills to progress in the game. Juicy feedback is im-
portant in this case, and audio can contribute by using navigational listening modes to
indicate for example where a threat, like a growl, is coming from [24]. However,
Huiberts [31] identified that out-of-context sound and music effects, as well as non-
responsive audio feedback and repetition of sound can decrease immersion. Im-
portantly, the addition of sound effects hence does not improve immersion regardless
of the type of sound.

3 Theoretical Background

Sound has original properties as it is omnidirectional and uninterruptible [33]. This
opens up opportunities to use sound as (redundant) confirmatory feedback, but also
shift the focus of the player during the gameplay [15]. Another property is that sound
is ambiguous, meaning that one specific event is connected to one specific sound
effect [15, 33]. To understand this property, it is important to understand how we
perceive sounds both in a fictive world and in the real world.

According to Tuuri et al. [34], there are four types of listening modes: pre-
conscious, source-orientated, context-orientated, and quality-orientated. Juicy audio is
context-oriented, as it can convey the purpose of sound, what it means, and its' suita-
bility. It is also pre-conscious, as it can invoke associations to properties of an event
(big, strong, power). Related to these listening modes is Gavers' theory of Everyday



Listening [35]. Using this approach, sounds are described based on their source rather
than using technical terms like pitch or compression (quality-orientated listening
mode). As Gaver [35] describes: "Everyday listening is the experience of hearing
events in the world rather than sounds per se, resulting in information about the inter-
action of materials at a location in an environment." For instance: a collision of two
wooden objects in a closed space, next to your ears results in a loud and sharp bang.
This is related to Swinks' [17] idea about polish, meaning that juiciness can give clues
about the physical properties of an object. Therefore, it is important to choose sounds
and context with high sonic potential when designing juicy game audio [36].

Juicy audio is also source-oriented [34] as it can convey information about the
source of the sound, specifically its' cause and emotion. According to the appraisal
theory, there are different types of emotions for fictive events [25]. Related to juici-
ness are the artifact emotions (A-emotions), which are linked to sensory pleasure.
These A-emotions make the player enjoy the aesthetics of the fictive world including
beautifully crafted sound. According to Perron [37], there is also another emotion
specifically related to games; gameplay emotions (G-emotions). These G-emotions
arise because the player cares about the progress of the game, meaning feedback is
again important. As sound can influence a players' emotional reaction [38], it is im-
portant to select game elements that can convey emotions or an emotional context
through their sound [36] For example, a flock of birds that are relaxed or flee give a
completely different feel for the emotional context.

In fictive worlds, sounds are categorized in diegetic and non-diegetic sounds [39].
Diegetic sounds are sound real in the virtual world and have a source in this world.
For instance footsteps, or gunfire. Non-diegetic sounds are from outside of the game
world. Non-diegetic sounds do not have a source in the virtual world and have been
added in. For example, music or sound effects added on the menu screen. Emotional
responses to fictive events are possible because the diegetic effect of these sounds
makes this reality perceivable. [25] However, to create immersion a reduced realism
is enough to create a perceived reality [24]. This implies that not all sounds have to
emerge from reality to be perceived as existing/realistic in the fictive environment.

4 Method

4.1 Game

A game was made using Unity and exported as WebGL to make it work in any
browser on a desktop computer. This game, called Space Adventure', is a space-
themed arcade game where one has to get as many points as possible by rescuing lost
astronauts and shooting down enemy ships while avoiding meteorites. The game is
based on an endless runner, providing objects to avoid or pick up which are spawned

I A video of both versions of the game can be found in the supplemental material. Playable

versions are hosted externally, and are playable for as long as the external host allows here:
Juicy version: https://i.simmer.io/@keijioch/~09826b4b-43e3-7e09-6513-799f4b654a4a
Control version: https://simmer.io/@keijioch/~36d78477-536d-d273-5b07-ef4b06dd51dd
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in randomized patterns. These patterns spawn more quickly based on how much time
has passed. The player (light grey spaceship) can move up and down using the arrow
keys to avoid enemy spaceships (black spaceship), their bullets and meteorites. By
pressing the space bar, the player can shoot and destroy the enemy spaceship after
three hits (image 1). Shooting down an enemy spaceship will gain the player one
point. Floating astronauts can be picked up and give five points. The player can take
damage by crashing into meteorites or enemy spaceships, or by getting shot by the
enemy spaceship. The player has three lives and the game is over when the player has
taken three hits.

This arcade format made it possible to use many sound effects, ranging from feed-
back to contextual sounds. In order to research the effect of juicy audio effects on
player presence, this game was developed into two different versions. Version A con-
taining juicy sound and version B (control) without juicy sound. The visual design of
the game, as well as juicy visual effects (explosions, screen shake), are the same in
both versions. By comparing these versions, the following hypothesis can be tested:

The version containing juicy audio effects creates a greater feeling of presence com-
pared with the version without juicy audio effects.

‘ Score- 21

el

Fig. 1. screenshots of the game Space Adventure

4.2  Audio Design

For each version, 10 different sounds were created by the first author. As there are no
guidelines for creating audio, the theory of Everyday Listening by Gaver [35] is used
as a starting point. This means the sound is based on an event and material. Impact
sounds like collisions are made using an impact and a material related to the collision.
For instance, the crumpling of aluminum foil is used to create the crumpling sound of
colliding with an enemy ship. These unedited sounds are used in the control version
of the game. For the juicy version, these sounds were edited using Adobe Audition.
The variation between the juicy and non-juicy sounds is the amount of 'polish' that is
used while editing, and using excessive amounts of effects to shape the sounds. Creat-
ing the sounds was an iterative process. They were pilot tested with four students of
Eindhoven University of Technology using a video showing multiple sound options
for an event. A professional game designer also reviewed the game and sounds, to
independently approve whether they fit the context of the game. Two sounds were left



out in both versions, namely when the player shoots at an astronaut or a meteorite.
The sounds are described in table 1.

Table 1. Description of sounds

Action

Description of sound

Jet Engine

Moving

Shooting

Hit & dead Enemy

Hit & dead Player
(Game Over)

Meteor crash

Astronaut entering

Astronaut Pick-up

This sound needs to resemble working engines. It is based on white noise,
edited with flanger and distortion to resemble Star Wars engines in the juicy
version.

This sound needs to resemble air. A male voice saying ‘whoosh” was used to
produce this airy sound, which was edited with a higher pitch and more
reverb in the juicy version.

This sound needs to resemble a laser, and its’ movement through air. A
female voice saying ‘pew’ was used to produce this airy sound. This was
edited for the juicy version into a laser sound by pitching it higher, using
reverb and distortion. For the enemy shooting, the sound was pitched down
in order to create difference.

Getting hit is an impact sound, so these sounds are created using the impact
of a drum set in GarageBand. Shooting down an enemy has no different
sound in the control version of the game. In the juicy version this resembled
a small explosion. These explosions were made by layering multiple drum
impacts, distorting them and adding reverb. When an enemy was killed, the
explosion contained more reverb in order to prolong the sound.

As the sounds for hitting an enemy, the sounds are also based on impact of a
drum set in GarageBand. In the control version these events produce no
different sounds. In the juice version, the sound needed to sound ‘negative’.
For getting hit by the enemy, this resulted in a sound resembling engine
failure made by editing the impact sound by pitching down the sound gradu-
ally, and adding chorus and distortion to the sound to make it a ‘unknown’
engine. The explosion was made using the same method as the enemy explo-
sion. To add more negativity, the sound was heavily stretched while pitching
the sound down gradually.

This sound needed to resemble a crumbling impact sound. This was done by
recording a piece of paper being crumpled. In the juice version, this was
edited with distortion and delay.

This is a feedforward sound, a notification. This sound was made with the
xylophone in GarageBand. In the juicy version this sound was edited with
reverb and by pitching it higher.

As the astronaut is a human, a female ‘thanks’ is heard when picked up. In
the juice version, it has an extra sound indicating scored points. This sound is
a variation of the astronaut entering sound with more delay and by pitching it
higher. This same sound is also present when shooting down an enemy.



4.3  Participants

A total of N=61 participants participated in the experiment, the majority of which
were between 18 and 25 years of age. 30 participants, of whom 20 self-identified as
male and 10 as female, got randomly assigned to the juicy condition. The remaining
31 participants, of whom 24 self-identified as male and 7 as female, got randomly
assigned to the control condition. Due to Covid-19 restrictions, the experiment was
moved fully online and the participants were solicited through social media (Face-
book and Instagram). As that only garnered 27 participants, a crowdsourcing platform
(Prolific) was used to get more participants and improve the power of the study. This
did mean that one half of the participants did not get a reward for participating and the
other half did get a (minor, around 0.90 GBP) for participating in the short experi-
ment. Therefore, the type of participant solicitation was recorded so that it could be
used as a covariate. In the Juicy version, 15 participants were solicited through social
media and 15 participants were crowdsourced through Prolific. In the Control version,
12 participants were solicited through social media and 19 participants were
crowdsourced through Prolific.

4.4  Measurements

This research uses a mixed-methods approach, using both quantitative data to evalu-
ate the feeling of presence in the two versions of the game and a qualitative evaluation
of the sounds. A smaller set of participants followed up with a semi-structured inter-
view to get additional qualitative data. To research the influence of juicy audio effects
on the experienced presence, a quantitative evaluation was done using the Presence
Questionnaire by Witmer and Singer [40]. For this study, the categories Involvement
and Interface Quality were left out as they did not particularly match well with the
simple mechanics and 2D nature of the game (Involvement) or were more about the
input modality and lag of the game (Interface Quality), which we did not expect to be
influenced by the intervention, but was also something we could not control well over
the internet. All questions of the PQ were presented using a 7-point Likert scale. In
addition, an open-ended evaluation of the juicy audio used in both versions of the
game was employed. Participants were asked questions like which audio effects they
did and did not appreciate, found pretty or ugly, and why, and what their association
was with specific sounds. To not make the questionnaire too exhausting, four sounds
were chosen at random to be evaluated using the questionnaire (shooting, player hit &
dead, enemy hit & dead, astronaut).

11 Participants signed up for the follow up interview (5 male, 6 female), where
they played both versions and then gave their thoughts. This interview was conducted
in a semi-structured fashion starting from similar questions to the online question-
naire, to tease out more in-depth statements regarding the sound quality and sound
experience after having played both conditions, as well as elaborate on the sounds’
affective associations.



4.5 Procedure

For the quantitative evaluation of the games, a web page containing a WebGL version
of the game was created. By clicking a hyperlink the participants were guided to one
of the test pages containing one of the two games (A: juicy & B: control) including a
step-by-step explanation to support participants in going through the study smoothly.
After agreeing with the study conditions, a participant played the game until they
were satisfied. When a participant wanted to completely stop the game, the 'quit
game' button needed to be pressed to see their total playing time. After the participant
quit the game, the questionnaire containing the PQ items and open-ended questions
was filled out

Those who were interested and left their email while filling in the questionnaire,
participated in an interview afterwards to get more in-depth insight on all the sounds
and the players' experience. Here the participants first played both versions of the
game, and then participated in the semi-structured interview, guided by a set of ques-
tions similar to the open-ended questions in the questionnaire. All interviews except
one were conducted in Dutch. The interviews were recorded and transcribed. The
Dutch quotes are translated in English when used in this paper.

5 Results

5.1 Quantitative research

In order to analyze the effect of juiciness on presence, a MANCOVA was performed
in IBM SPSS v25, with condition as fixed factor and the Sensory Fidelity and Adap-
tion/Immersion dimensions of the Presence Questionnaire as dependent variables.
Since there were two ways of soliciting participants, either through social media or a
crowdsourcing platform (Prolific), and this could influence the way people engage
with the game, which in turn could influence their experienced presence, the way
participants were solicited was entered as a binary covariate. The MANCOVA
showed a significant effect of condition on the combined dependent variables, while
controlling for participant solicitation procedure: F(2, 57) = 4.678, Wilks’ A =.859, p
=.013, partial n? = .141.

Individual ANCOVAs showed that this effect was significant for both sensory fi-
delity [F(1, 58) = 5.435, p = .013, partial n? = .102] and adaption/immersion [F(1, 58)
=3.652, p = .019, partial n> = .091] dimensions. In both cases, the juicy version led to
significantly higher sensory fidelity (control version M = 4.17, SD = 1.08 vs. juicy
version M = 4.69, SD = 0.86) and a significantly higher adaption/immersion (control
version M = 5.41, SD = 0.85 vs. juicy version M = 5.87, SD = 0.74).

The covariate was confirmed to have a significant influence on the sensory fidelity
dependent variable [F(1, 58) = 8.241, p = .003] but not the adaption/immersion varia-
ble [F(1,58) < 1]. There was no effect of condition on total playtime F(1,58) < 1.
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5.2  Qualitative research

For the qualitative part of the questionnaire and the interview, a thematic analysis [41]
was carried out. There are two types of quotes: quotes derived from the questionnaire
following the experiment are indicated with the version and participant number (A..
(juicy) & B.. (control)); quotes derived from the follow up interview with the 11 in-
terested participants who played both versions of the game, are indicated with a P
followed by the interviewee number. This analysis resulted in three main themes and
their respective sub-themes related to the appreciation of the juicy sound; the way
they are perceived and described, associations and expectations and the practical qual-
ity of sound. The themes and sub-themes are described below.

Theme 1: Describing sounds

When the participant was asked to describe a sound or what they appreciate about it,
they described the sound using various methods. Some participants with musical
knowledge used sound-related terms: "There is more bass in this sound" (P9), "one of
them is clearly higher pitched." (P11), and "[...] It sounds like regular distortion"
(B4). Most participants described sounds using other ways, like mimicking the sounds
or using associations. They described situations where they heard similar sounds: "I¢
sounds like a space battle [...], like in Star Wars." (P2) The shooting sound in the
control version was often described as "a child making his own sound effects" (P7).

Materials or events

Another way the sounds were described was to use the perceived material or event.
For instance, in regards to material, participants mentioned "I know the sounds are
telling me about the material of the spaceship. I would expect metal against metal"
(P11), or "I miss the feeling of material and space. It is a very general sound not spe-
cific to the game." (A3). Events were also used to describe a sound. For instance, "I¢
sounds like that air is escaping from somewhere" (P2), and "It sounds like a bag of
chips being crumpled." (P5)

Affective terms

Besides this, participants also used affective ways of describing why they liked a
certain sound, such as "It sounds soothing" (P8), and "The background is really excit-
ing" (P1). This affective quality of sound is also reflected in the difficulty of describ-
ing sounds, sometimes resulting in insecurity ("I have no idea how I can explain this."
(P2), "This doesn't help you at all, does it?" (P3), or "Nothing" (common response)),
or confusion for participants ("We are not talking about the same thing at alll" (P7)).

Theme 2: Expectations & associations

Players have certain expectations and associations with a sound, using this to describe
sounds from the game. "It sounds like lasers. That sounds futuristic." (P9), "When
such a big spaceship shoots at me, and then I hear small pew-sounds." (P7). Some
participants had conflicting preferences. An example is the use of a human voice say-
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ing "thanks" for rescuing an astronaut. "I think the thanks when you pick up an astro-
naut is subtle, and nice to listen to" (P3), but also "The thanks were quite grating after
multiple times" (A14). An important factor to determine whether a sound matches a
players' expectation, is the visual that is paired to it. The sound and visual have to
match for a players' association to be correct. For instance, one participant mentioned,
"[ think it is satisfying when you hit and explode an enemy ship. That this happens in
phases. [...] It is probably a combination of the visuals and sound, which really suit
each other here." (P7). Another factor is timing. If a sound is played with too much
delay compared to the visual, the sound and event are not linked. "/ have not heard
the "ping" [score sound] before, and I don't know what it does. You already search
for next objects, and then the sound is a bit too late." (P4)

Theme 3: Pragmatic quality

Feedforward and feedback

As juiciness is highly related to giving feedback, sound was often used as a way to
indicate if an action was done correctly. "I think most sounds are confirming what
action you took." (P6), and "It is in both cases positive feedback that your actions
have the desired impact." (P1). Sound was also used to gather information as feed-
forward. "It helps me to understand the game and focus my attention on something.
For instance, sometimes I am not worrying about enemies shooting until I hear it."
(P3), or “It gave me the idea if I needed to do something. Watch out, you need to take
an action.”(P10). It also differed between participants. For example, one participant
used feedforward by sound to improve his performance: "I recognized the pattern in
which I shoot, and when something interrupts. I press the space key as often as possi-
ble, and if I hear another sound I know it is not mine but the enemies." (P1).

Hierarchy
One important aspect participants often mentioned was related to the hierarchy of the

sound. One participant mentioned: "The background is not overwhelming, it did not
drown out what was important in the game. The hierarchy of information is im-
portant, and this sound should be on the bottom." (P10). Often mentioned was that the
sound of the players' shooting drowns out the other sounds, giving less room for feed-
back and feedforward. "It drowns out other sounds. You do not hear that the other
ship is shooting at you." (P8). Or when the astronauts spawned quicker further in the
game. "/[...] a lot of astronauts with a lot of sounds. I was not sure what to do with
that." (P10). The sounds with a higher volume were perceived more often than those
with a lower volume, enabling the game designer to influence this hierarchy. "/this
sound] seems to be louder than the other one, making me believe it responds to what I
am doing." (P7).

Redundancy
Overlapping or similar sounds are often seen as something positive by players. "/

liked it that the sounds overlap. If you shoot multiple times, you hear the sound multi-
ple times as well." (P1). For similar sounds, the difference in shooting between the
player and enemy can be taken as an example. In the juice version of the game, one
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was pitched lower than the other. While in the control version it was the same sound.
"I liked it that there were different sounds for when I shoot and when the enemy
shoots." (P3), and "I miss in this version [control] the difference between shooting
from me and the enemy" (P2). But there seems to be a fine line in differences in
sounds that players can perceive. As participant 1 mentioned "/ like it that they sound
alike, so you know these are linked. But maybe they sound a bit too much alike. You
have to listen closely to hear the difference. But this happens automatically with the
visuals" (P1). Adding an extra sound to indicate when points are scored after picking
up an astronaut, was perceived differently by participants. The score point sound was
perceived as pretty most of the time: "/..] the sound of coins and "thanks" when pick-
ing up a human" (A8). During the interviews, it became clear that this sound was
most of the time not noticed. "Is there an extra sound? You mean the bell! I think it is
unnecessary." (P8).

6 Discussion

A MANCOVA shows a significant main effect of juicy sound on presence. This sig-
nificant effect holds for both tested scales of Sensory Fidelity and Adap-
tion/Immersion, where in both cases the juicy audio version led to more presence than
a base version with less juicy audio feedback. These results suggest that juicy sound,
operationalized in this study as more polish to the sound, can contribute to a greater
feeling of presence in the player. This can also be seen in the thematic analysis of the
qualitative data, which also describe what aspects are considered by players regarding
juicy sound.

The themes of expectations & associations and pragmatic qualities are two main
themes describing what players look for in juicy audio. When looking into the theme
of expectations & associations, the findings indicate that players do not only listen to
the quality of sound, but they connect it to different associations and memories. One
participant makes a clear distinction between an association with a sound, and its'
aesthetic qualities: "I find the "pling" sound after you catch an astronaut the prettiest.
It gives me a nice feeling after the accomplishment. But if by prettiest you mean the
best sound, I have to say the game over sound. It is so good in the sense that it makes
me sad that I died, but not too mad to not play the game again.” (A13). When a play-
er makes associations, two outcomes can occur. When the players' association with a
certain sound matches their expectations, it seems to increase their immersion in the
game. More reactions were elicited while playing the juicy version of the game. Posi-
tive emotional reactions like "oof" when the player hit an obstacle, or short "yes!"
when they shot down an enemy was more common compared to the control version of
the game. Claims connected to satisfaction were also heard. "I like it when it blows
up. It makes you think 'Haha!'" (P10). When the sound matches the players' expecta-
tions with the perceived context, it can also deepen their emotional connection to it.
"There is a sort of dark undertone, the buzz. It makes it feel like there is something
exciting bound to happen." (P10). Some participants mentioned terms related to im-
mersion when talking about what the sound does for them. "If you don't hear anything
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it will become boring, which makes you quit the game." (P4), "The sounds [...] were
in my experience mostly to keep you in the bubble." (P1), and "In the [control] ver-
sion, I thought 'okay sure'. But in the [juicy] version, you saw from my face that I got
really into it." (P9)

When the association does not match the expectation of the player, negative emo-
tional responses like confusion or irritation occur. The sounds that were mentioned
the most were the notification sounds when an astronaut appears, the point collecting
sound, and the difference between shooting sounds emanating from the player and
enemy. Some participants mentioned: "It is almost annoying that I do not know what
sound it is and where it is coming from." (P9), and "I thought the ding in the [non-
Juicy] game was very confusing. I could not figure out where that's coming from"
(P11). In the theoretical background section, we characterized juicy feedback as being
unambiguous [15] and redundant [11]. While ambiguity was more often reported in
the control condition, not all sounds may therefore have qualified as juicy in the juicy
condition. Vice versa, less ambiguity in the juicy condition may also mean that the
polish or embellishments were not fully redundant. This may furthermore beg the
question whether juicy feedback could be considered redundant in the first place and
not a reinforcement, both in feedback as in the understanding of the audiovisual effect
itself. This requires more disentanglement in future research.

Sometimes, ambiguous associations can be learned over time while playing the
game as mentioned by P6: "I think that you learn to associate different sounds with
scoring points, so you do not need to use the same one everywhere." One exception
was the shooting sound in the control version of the game. This sound was perceived
as comical, but not necessarily bad when applied to the right target group and goal.
One participant mentioned "This is not necessarily something negative, as it is really
funny. It does lead to a different intensity, which is maybe more suited in games for
children." (P1). This may mean that juicy sound does not need to fit a certain associa-
tion to create an engaging experience but can contribute to a different goal and con-
text of the game.

Regarding the pragmatic quality of juicy sound, factors like feedback and feedfor-
ward are still important. During the interviews, it became clear that sounds and their
expectations are often linked to the information the sounds needed to convey. The
same procedure occurs here described for the associations & expectations theme; if
the information matches the players' expectations, it may enhance immersion. Other-
wise, it will result in confusion or irritate the player. The pragmatic quality can be
influenced by the game designer by playing in into the hierarchy of the sounds. By
using volume to put certain sound on the foreground or background and timing to
create links between audio and visual information, certain information can be priori-
tized. It is therefore important to keep the goal of the game in mind, to establish a
hierarchy in sounds to help the participant understand the game. The use of redundant
sounds, for instance, two sounds to indicate the same event, is perceived differently
by the player. Some found the extra sound unnecessary and did not perceive it imme-
diately. This can mean that juiciness happens subconsciously and is not supposed to
be remembered. "I may have noticed that happened, but I have no memory of it any-
more. It is hard to remember these things, especially since they're supposed to be
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subtle or subconscious." (P11). This can also be related to the amount of experience a
player has with games. Participants with more gaming experience, tend to focus more
on the pragmatic qualities of sound than casual players to improve their performance.

7 Limitations & Future Work

This experiment was conducted online due to Covid-19, as such it is not possible to
say whether all the participants had similar sound reproduction quality, or technically
even turned on their sound when prompted. However, randomization and the signifi-
cant effect in the expected direction, as well as detailed interview feedback, would
suggest that there was a notable difference. Using multiple ways to gather partici-
pants, using a crowdsourcing platform and social media, may also have influenced the
results of this study. The significance of adaption/immersion improves after leaving
the variation of Prolific out of the results, indicating there is a difference in results
between participants gathered on Prolific and social media. Participants may have
different motivations for participating in the study. Monetary rewards could lead to
participants being more motivated to put in the effort, but this can also go the other
way of clearing the study as fast as possible. But if the latter was the case, one would
expect the results to be less significant. In this case, significant effects hold with or
without adding the solicitation procedure as a covariate.

Another limitation is the use of the PQ and adapting it to fit the game. In the origi-
nal PQ questionnaire, presence is the mean of all the questions in the questionnaire.
As some sub-categories (Interface quality & Involvement) were left out, the scale
does not provide a total measure of presence. Therefore, care should be exercised in
comparing these results with those in other research papers that do use the full ques-
tionnaire. It’s also theoretically possible that interface quality and involvement are
negatively impacted by juicy audio somehow.

As there are no guidelines for creating juiciness, let alone juicy sound, this research
used combined theories of Game Feel (polish) and everyday listening [35] to create
sounds. More research can be done on what juiciness is when it comes to sound, to
provide more exact guidelines that can be implemented in game design. The themes
provided in this research could be a base for creating these guidelines for sound.

Lastly, sound is part of juiciness but difficult to communicate. It is a personal in-
terpretation, and every player has a different background. For instance, a player profi-
cient in playing music would use more technical terms than a player with no musical
knowledge. During the interview sessions, we frequently encountered difficulties by
the participants to verbalize their experiences, and in fact game research does not
provide many useful pointers to describe the myriad of sound effects related to game
interactions either. It would be beneficial for game designers and game experience
researchers to develop a common vocabulary that can be used to describe sound quali-
ties or find a method to evaluate comments from players with a different musical
background. Associations may be a good way to contribute to this vocabulary, as well
as Gavers' theory of everyday listening [35].
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8 Conclusion

In games, it is hypothesized that juiciness (exaggerated redundant audio/visual feed-
back on the players' actions) [11] can improve the player experience in a game. As the
term juiciness is still rather vague, research on this topic is new. Some research has
been done based on the visual aspect, but sound is often neglected. This research can
be seen as a method to explore and evaluate juicy audio in video games. This was
done by looking into how it affects the feeling of presence and how players experi-
ence and evaluate the sounds affectively during gameplay. By comparing two ver-
sions of a game, one with juicy sound and one without juicy sound, there is a signifi-
cant effect with a large effect size (partial 12 = .141) of juicy sound effects for com-
bined immersion and sensory fidelity, as factors of Witmer and Singer’s Presence
Questionnaire [40], in the game. This holds for the separate subscales with a medium
to large effect size. This result was in line with the hypothesis: the version containing
juicy audio effects, which in this study means more polish to the sound, creates a
greater sense of presence as expressed in Immersion and Sensory Fidelity, than the
version without juicy audio effects. While this experiment was performed with a sim-
ple 2D space shooter game, we think that creating juicy audio could also be a viable
way to improve the immersion in serious games (and possibly engagement as a re-
sult), because juiciness is relatively independent of the content matter and game me-
chanics.

Regarding the affective experience and evaluation of juicy audio, a thematic analy-
sis reveals three main themes. First, players have a certain association and expectation
from a sound, based on their memories and the image that they see. If this expectation
is met, players have a positive experience resulting in more immersion. If this expec-
tation is not met, players experience negative feelings like confusion or irritation.
Secondly, sound has a pragmatic quality, where players use sound as feedback and
feedforward to understand and improve in the game. Game designers can influence
the pragmatic quality by thinking about the hierarchy of sounds. It is important to
understand the goal of the game, to provide important information first and establish a
hierarchy in sounds. The third theme revolves around the way players describe
sounds. The way a player listens to sound, comprehends it and communicates their
qualities differs for each person. For instance, someone with more musical knowledge
uses more technical terms to communicate a sound. Interesting for future research is
to create a common vocabulary to describe sound qualities for game designers and
game experience designers.
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