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2abstract & glossary

0.1 abstract

This project explores the application of the ventriloquism effect in the context 
of the nightclub, to assess its potential for enhancing audience immersion. 
The ventriloquism effect is a cross-modal illusion in which a sound is perceived 
as originating from the location of a simultaneous visual stimulus rather 
than its actual source. This illusion was integrated into an audio-reactive 
electroluminescent wire installation that generates visual cues based on live 
audio produced by DJs during a nightclub event. The installation was evaluated 
through a controlled user test, supplemented by a questionnaire distributed 
among event attendees and interviews with user test participants. The user test 
revealed a statistically significant increase in self-reported immersion during 
audio-reactive light modes, compared to non-reactive light modes. Additionally, 
an increase in self-reported spatial specificity in the perceived localisation of 
auditory cues was observed during audio-reactive light modes, though this 
effect was not statistically significant. This increased spatial specificity would 
indicate ventriloquism, as the perceived location of auditory cues shifts to 
the spatially specific visual cues created by the installation. In addition to the 
user test, qualitative evaluation methods revealed that the light installation 
enhanced audience immersion. While statistical significance concerning the 
presence of ventriloquism was not achieved, findings indicate that cross-modal 
illusions hold potential for multisensory design in nightclubs, warranting 
further research.

0.2 glossary

Multisensory integration 
The process by which the brain combines information from multiple sensory 
modalities to form a unified perception.

Cross-modal illusion 
A perceptual phenomenon in which information from one sensory modality 
influences or distorts the perception of another.

Ventriloquism effect 
A cross-modal illusion where a sound is perceived as originating from the 
location of a simultaneous visual stimulus rather than its actual source.

Immersion 
A psychological state of deep engagement and absorption in an experience, 
often characterised by a sense of presence and diminished awareness of the 
external environment.

Electronic Dance Music 
A broad genre of electronic music produced primarily for nightclubs, festivals, 
and dance events.

Research through Design 
A practice-based research approach in which design processes and artefacts are 
used as a means to generate new knowledge.
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0.3 foreword

This project began as a result of my ongoing ambition to involve my particular 
interest in the nightclub environment in my design studies. Though prior 
attempts were less successful, the freedom afforded by this graduation 
project finally allowed me to bridge these two worlds. Initial conversations 
with my supervisors directed me towards investigating cross-modal illusions, 
which I aimed to somehow apply within this context. However, at the start of 
the project, there was no clear design case, and the beginning of the project 
primarily focused on finding one. While this was challenging, it provided 
me with the unique opportunity to familiarise myself with the breadth of 
fascinating literature on both cross-modal perception and the nightclub 
experience. Additional research methods enabled me to learn from audiovisual 
experts and nightclub attendees, and I even got the chance to experimentally 
reproduce the ventriloquism effect in a lab setting. Ultimately, the challenge of 
having no clear design problem definitely proved beneficial, as it forced me to 
acquire a lot of valuable knowledge and experience in a short amount of time. 
Luckily, this exploratory research led to a promising case, which was developed 
into a functioning audio-reactive light installation. 

At the beginning of this project, my understanding of the functioning of 
multisensory integration, cross-modal illusions and the ventriloquism effect 
was limited. However, over the past six months, through complete immersion 
in the subject matter, I have gained some insights about these topics and 
how they relate to the nightclub. These insights will be shared with you in the 
following pages. I hope you find it as fascinating as I have.
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0.6 introduction

The world is a complex, dynamic, and ambiguous place. Our senses are 
continuously exposed to vast amounts of information, yet we are remarkably 
adept at making sense of it. Gestalt psychology provides a possible framework 
for understanding how this complexity is navigated through pattern 
recognition. It suggests that we do not perceive isolated sensory stimuli 
that are later assembled into meaningful objects. Instead, we perceive 
information structured into wholes according to principles such as proximity, 
similarity, and figure-ground organisation. While Gestalt theory is most 
famously used in visual perception, the notion of gestalts can be applied to 
cross-modal perception as well (Trujillo & Holler, 2023). In most real-world 
scenarios, information is integrated across multiple senses to form a holistic 
representation of our environment. For instance, when a ball is dropped 
onto the floor, we do not experience the visual input of seeing the ball land 
separately from the auditory input of hearing the impact. Rather, we experience 
both stimuli as a singular perceptual event. This process, by which information 
from different sensory modalities is combined into a unitary percept, is known 
as multisensory integration. 

Although multisensory integration is generally beneficial, it can sometimes 
lead to cross-modal illusions when conflicting sensory inputs are combined. 
One such illusion, the ventriloquism effect, occurs when an observer perceives a 
sound as originating from the location of a simultaneous visual stimulus, rather 
than its actual location. This project investigates whether the ventriloquism 
effect can be used in multisensory design. Specifically, it explores how the 
application of the ventriloquism effect in an audiovisual installation for the 
nightclub can lead to enhanced levels of audience immersion. The nightclub 
was chosen as a context due to its inherently multisensory nature. Music, 
lighting, and bodily movement create a rich perceptual landscape. Interestingly, 
little research has explored multisensory perception in nightclub environments. 

The research on potential real-life applications of cross-modal illusions has 
been similarly limited. Thus, this project contributes both to the understanding 
of cross-modal illusions and to research on perception in nightlife settings. 

Phase 1 of this thesis centers on exploratory research aimed at understanding 
the two key domains: cross-modal illusions and the nightclub experience. This 
led to the identification of the ventriloquism effect as the most promising 
illusion for a design in the chosen context, as it may enhance audience 
immersion. Phase 2 focuses on the development of the installation, from 
the initial design definition, to the final exhibition of a working audiovisual 
installation in Garage Noord, a nightclub in Amsterdam. Phase 3 describes 
the evaluation of this installation in context and draws conclusions about the 
efficacy of the design, and the application of the ventriloquism illusion. The full 
report structure is depicted in Figure 1.

phase 1

exploratory 
research

identification 
design opportunity

phase 2

definition

ideation

installation 
development

phase 3

evaluation

discussion

recommendations 
& guidelines

Figure  1 
Report Structure
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0.7 research through design

Conducting research as part of a design project is a common practice, as 
theoretical knowledge is often necessary to understand a given context and 
develop an informed design strategy. This approach is referred to as research 
for design, wherein abstract, general principles are applied within a specific 
design context (Stappers & Giaccardi, 2014). In this project, research for 
design played an important role, with the initial exploratory research (Phase 
1) informing and shaping the design process. Various research activities led 
to the identification of relevant design opportunities, ultimately leading to 
the development of a design aimed at enhancing audience experiences in 
nightclubs using the ventriloquism illusion.

However, the intended aim of this project was not to develop a commercial 
product. Rather, the design process was used as a method for generating 
knowledge. This approach, in which design itself is employed as a method 
of inquiry, is commonly referred to as research through design. In this 
project, the creation and evaluation of an audio-reactive light installation 
aimed to contribute to a better understanding concerning the effects of the 
ventriloquism illusion in the nightclub. While traditional scientific research 
is concerned with abstracting empirical findings to come to general truths, 
research through design focuses on better understanding real, specific 
situations. As will become clear in Chapter 1.1, the body of research into the 
ventriloquism effect in lab settings in broad. What is absent, however, is 
research looking into if and how this illusion can be applied in real-life settings. 
This is where research through design can be of value. To that end, both the 
design struggles encountered during the development of the final installation 
and the experimental and qualitative research activities conducted during 
the evaluation phase contributed to expanding knowledge in the field of 
multisensory nightclub design.



phase 1: exploratory research 

This phase consists of a literature review on cross-modal effects and the 
nightclub experience is reviewed, a questionnaire with clubbers, interviews with 
light artists and designers, and a ventriloquism effect experiment. The primary 
goal was to identify research gaps within these domains and identify the design 
opportunities emerging at their intersection. Results from this phase provided 
the foundation for the design phase that followed.
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1.1 literature review

Since the approach of this project was quite exploratory, this initial literature 
review casts a wide net, covering both the research into the different cross-
modal effects that exist, as well as the research into the context of the 
nightclub and electronic dance music performance. The following topics are 
addressed:

	 1. Existing research on the experience of electronic dance music and the 	
	     nightclub.
	 2. Which cross-modal effects exist and how they function.
	 3. Potential applications of these cross-modal effects in the nightclub.

Finally, a concise argument is provided in favor of the ventriloquism effect as it 
showed the most promise for further development.

1.1.1 The Nightclub Experience
Rietveld (2022) defines the nightclub as an urban environment that offers 
its guests music and the ability to dance all night. A place centred around 
escapism, expression and experimentation of any kind. A cultural hub for 
creatives of all disciplines. Today, the music offered to guests is often electronic 
dance music (EDM), which is investigated in the following subsections.

Electronic Music and Electronic Dance Music
In 1956, during the early years of electronic music, Herbert Eimert described 
the genre as the “final chapter” of music (Eimert, 1956, p. 1). The introduction 
of electronic instruments revolutionised music-making, enabling the creation 
and amplification of audio signals through electrical components, resulting 
in entirely new sounds. At that time, the distinction between electronic and 
non-electronic music was clear, as it was defined by the process through 
which the music was created: acoustically or electronically. Nowadays, this 

definition has shifted, as most music we listen to is created through electronic 
means. Despite this, not all music is categorised as electronic music, raising 
the question: what defines electronic music today? While a clear, universally 
agreed upon definition might not exist, the term electronic music is used here 
to refer to music that is created primarily with the use of electronic or digital 
instruments and technologies (e.g., digital or analog synthesisers, software 
instruments and effects). Music that uses these tools, but still mainly relies 
on traditional electroacoustical instruments will not be considered electronic 
music (e.g., contemporary pop, rock). In addition to the term electronic music, 
the term electronic dance music (EDM) is often used to describe genres that are 
played in the club. However, confusingly, EDM also signifies a specific subgenre 
of commercial electronic music. To avoid confusion, in this project the term 
electronic dance music will be used to describe genres of electronic music that 
are commonly played in nightclubs. These genres include house, techno, trance, 
drum and bass, jungle, breakbeat, and dubstep, among others.

Experiencing Electronic Dance Music
EDM is often experienced in a nightclub, where audiences dance to music 
being played by a DJ for hours on end. Instead of watching a musician create 
music live, clubbers dance to pre-recorded music being played and mixed 
skillfully to facilitate an uninterrupted musical journey that lasts the whole 
night. The embodied element of the EDM experience seems to be quite 
crucial to the overall experience. While looking into the experience of EDM, 
Solberg and Jensenius (2016) found an association between the amount of 
movement participants produced through dancing, and the level of pleasure 
they experienced. They also found an association between the level of pleasure 
experienced and certain aspects of the arrangement of the music. Solberg 
and Jensenius describe the arrangement of EDM using three properties: the 
breakdown, the build-up, and the drop. The breakdown often consists of a 
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breakdown build-up dropdrop

arrangement of an EDM track

Figure  2 
Breakdown, Build-up and Drop

In their experimental study, Solberg and Jensenius found that pleasure is 
associated with the transition from one of these sections to another, especially 
from the build-up to the drop. While the concept of tension and release is 
present in most musical genres, in EDM this concept is taken to the extreme, 
using build-ups and drops to maximise pleasure. In a study by Solberg and 

Dibben (2019), participants listened to 4 electronic dance music tracks and 
were asked to rate them. They found that the keywords associated with these 
tracks tended to be embodied and spatial in nature (uplifting, light, driving, 
enthusiastic, flying, rising). This demonstrates that our perception of music is 
inherently cross-modal, where we often draw on analogies from other sensory 
modalities to describe how we experience the music. 

The claim that embodiment is essential to EDM is supported by an experimental 
study by Burger and Toiviainen (2020), who compared the movements of 
participants dancing to various genres. They found that the intensity of 
movements was higher in participants listening to EDM, and found similar 
differences in intensity between sections (breakdown, drop) to those that 
Solberg and Jensenius found. EDM’s embodied nature is further explained in an 
essay by Garcia (2016), who argues that the sonic characteristics of the genre 
often have a tactile quality, where feeling and the senses take the foreground. 
In EDM, percussive elements usually play an important role. These elements 
often have the most impact, due to their transients and low frequency content. 
Since music is often played loudly in the club, these rhythmic elements are 
felt throughout the entire body. The importance of low frequency content 
(or bass) is substantiated by an experimental study by Lustig and Tan (2020), 
who subjected participants to music with certain frequency ranges missing. 
The results showed that music without low frequency content is liked less and 
considered less “groovy” than music with other frequency ranges missing. Apart 
from these experimental studies, several ethnographic studies describe how 
connectedness and embodiment is essential to the EDM experience (Olaveson, 
2004; Malbon 2002). Olaveson mentions that one of the most important 
qualities of EDM experiences (specifically raves) is the fact that it is a non-
rational affair. The appreciation of such events happens on a sensory level. 
This focus on embodiment and the senses can often lead to highly meaningful 
spiritual experiences, as reported in an ethnographic study by Takahashi and 
Olavason (2003). 

Seeing Electronic Dance Music
In addition to embodiment, vision also plays an important role in the context 
of the nightclub, with music and visuals often being paired to create alluring 
audiovisual experiences. These visuals can be simple, using lights, stroboscopes 

lower-intensity musical section. During the build-up tension and anticipation is 
raised through an increase in musical elements and effects. During the drop this 
tension is released and the climax is reached. One of the songs mentioned by 
Solberg and Jensenius containing these properties is “Ladykiller” by Vanilla Ace 
(2014). 

Note. This diagram depicts the waveform of an EDM track divided into three sections: breakdown, build-up 
and drop. 

https://www.youtube.com/watch?v=itaH-YrAVa8&ab_channel=Soundspace
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or lasers. However, they can also be far more complex, using projections or 
screens in combination with graphics software like TouchDesigner. The term 
visuals is used here to refer to any visual stimulus created to accompany or 
enhance the musical experience. The combination of music and visuals has a 
long history, but the connection to electronic music specifically, started in ‘60s 
and ‘70s, when availability of both audio and video synthesisers allowed for the 
creation of electronic audiovisual works (Novello, 2021). Ever since then, visuals 
have been an integral part of electronic music performance that enhance the 
overall experience. Despite their importance, little research has been done into 

Figure  3 
Video synthesis

Note. Screenshot from Illuminated Music 2 & 3 (Beck, 1973). 

how these visuals are perceived, and how they should be designed to enhance 
the experience of audiences. 

What has been studied intensely, however, is the importance of visually 
observing musicians during a performance. In a meta-analysis across multiple 
genres, Platz and Kopiez (2012) found that seeing the musician perform while 
listening significantly enhanced the experience compared to listening alone. 
In EDM performance, it is often more difficult for the audience to understand 
what the performer is doing, which reduces the cross-modal effects typically 
present during other types of musical performances. When an audience 
member sees a guitarist perform a complicated solo, it is quite obvious to them 
what the guitarist is doing and how that action is producing the sound. This 
makes integration of what they are seeing and what they are hearing easier. 
In the case of electronic dance music, this relation is often less transparent. 
EDM musicians use DJ-equipment, laptops or synthesisers with many buttons 
and knobs and there often is not enough visual feedback for the audience to 
understand what the performer is doing. In order to find ways of improving 
audience understanding, Correira et al. (2017) conducted a study in which they 
compared different ways of using visuals to communicate what the performer 
is doing. They identify a couple of properties that are important for audience 
understanding: visibility of the interface, and legibility of performer’s cursor. 
However, the main takeaway is that audience understanding is highest when 
the performer’s actions are clearly visible and understandable. The authors 
conclude by noting the necessity for more research in this domain to better 
understand the relation between live visuals and EDM. 

Apart from this research focussing on the performer, little research has been 
done examining the interplay between EDM and visuals in the nightclub. 
However, there are a few studies that look into the perception of music and 
visuals in other contexts. One of those studies was conducted by Boltz et al. 
(2009) and entailed having participants listen to music while showing them 
video content at the same time. The results showed that the visuals impacted 
melody perception in a mood congruent manner. Hammerschmidt and Wöllner 
(2017) reached the same conclusion when studying the audiovisual qualities of 
music videos: visuals influence the perception of music. One of the few sources 
that might actually provide an insight into how visuals are perceived in the 
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context of a nightclub, is an article written by Annet Dekker (2005) in which 
she interviews several VJs. In this article, the VJs report how they can influence 
the mood of the audience by presenting different visual content. An example 
was given of how somber imagery and slow movements had noticeable effects 
on the audience. They also note how important it is to surprise them. This may 
give us an idea of the power of visuals in the nightclub, but is far from robust 
scientific evidence explaining how these visuals are perceived.

Research Gap
As we have seen, some research has explored cross-modal interactions within 
the context of EDM and nightclub environments. First, the embodied aspects of 
EDM are well-established. Second, a substantial body of research examines the 
effect of seeing music performances, with some focusing on visualising EDM 
performances. However, none of this research addresses the specific visuals 
common in nightclubs that accompany the music and contribute to the unique 
multisensory experience. This provides us with a strong reason to investigate 
nightclub visuals and the cross-modal effects they create.

1.1.2 Cross-Modal Effects
Having established the limited research on cross-modal interactions between 
visuals and music in the nightclub setting, we are now in a position to examine 
cross-modal effects explored in more controlled settings to assess their 
potential application in the nightclub. While the term multisensory integration 
refers more generally to the process in which the brain combines sense data 
from different modalities to form our perception, the term cross-modal effect 
or cross-modal illusion is used here to refer to perceptual phenomena where 
one sensory modality influences the perception in the other. While cross-
modal effects will be discussed separately in the following subsections, it is 
important to note that most of them are governed by the same mechanisms. 
During perception, when the brain receives correlating signals from multiple 
modalities, it attempts to combine them into a singular percept. Sense data 
are generally incomplete and often contain noise. When sense data from 
different modalities are combined, the signal that is least noisy is generally 
dominant, and will play a larger role in determining what is perceived (Ernst 
& Banks, 2002). As a result, the non-dominant modality will align with the 
dominant modality to form a unitary percept, even when this alignment does 

not accurately reflect reality. Thus, the dominant modality influences the 
perception in the non-dominant modality. This is the primary principle causing 
most of the discussed cross-modal effects. These effects differ mainly in the 
type of correlation between modalities that leads to integration.

Ventriloquism Effect
Perhaps the oldest known cross-modal effect is the ventriloquism effect 
(VE), also called spatial ventriloquism. The effect derives its name from the 
ventriloquist’s performance, where sound is perceived as emanating from the 
puppet’s mouth rather than the puppeteer. More specifically, the visual stimulus 
(the puppet’s mouth movement) attracts the auditory stimulus, shifting 
the perceived location of the sound. This occurs because the simultaneous 
occurrence of the auditory and visual cue creates a correlation between the 
two signals. The location of the visual cue is less noisy, causing vision to be the 
dominant modality here. Thus, the auditory cue is integrated with the visual cue 
and its perceived position shifts towards the visual cue. Over the last century, 
this illusion has been taken from the puppeteer’s stage to the psychologist 
lab, where it has been frequently replicated in experimental studies. In these 
experiments, the effect is often recreated with much simpler stimuli. In a study 
by Bertelson and Radeau (1981), for example, loudspeakers playing 300 Hz beeps 
and simple flashing LED lamps were used to recreate the effect successfully. 
Several other studies employed similar methods (Alais & Burr, 2004; Vroomen et. 
al., 2001), but Jack and Thurlow (1973) took a different approach: they secured 
undergraduate students in dental chairs, had them watch a video of a puppet, 
and played the corresponding audio from various hidden locations. From 
this diversity in experiment design, it can be concluded that this illusion can 
be recreated with many different kinds of stimuli. Chen and Vroomen (2013) 
provide an extensive overview of representative experimental studies looking 
into the VE and summarise the conclusions they have reached. They note that 
the VE is relatively strong, but that it is important to remember that the visual 
stimulus attracts the auditory stimulus, and does not capture it wholly. This 
means that the perceived location of the sound moves toward the position of 
the visual stimulus, but is not identical to it. Predictably, the effect is stronger 
when the auditory stimulus is difficult to localise, as increased uncertainty in 
the auditory signal makes the visual modality more dominant (Ernst & Banks, 
2002). Additionally, they discuss the range of temporal congruence required for 
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optimal results, noting that the auditory cue can occur anywhere from 100 ms 
before the visual cue to 300 ms after it. They also note that the visual stimulus 
should occur within a spatial window of approximately 15°, based on a study 
by Slutsky and Recanzone (2001). However, other studies have reported using 
larger spatial windows (Jack & Thurlow, 1973), indicating that this result might 
be influenced by the specific methodology of the study. While the effect may 
diminish as the spatial separation between auditory and visual cues increases, 
Godfroy et al. (2003) demonstrated that fusion between the two stimuli was 
preserved over longer distances vertically rather than horizontally.

negatively impact the aftereffect (Recanzone, 1998; Lewald, 2002), while others 
report the opposite (Frissen et al., 2003). 

Finally, there are two interesting temporal phenomena related to ventriloquism: 
the temporal ventriloquism effect and temporal ventriloquism aftereffect. 
Much like the spatial VE, an illusion is created where a stimulus in one 
modality is shifted towards a stimulus in another modality. In the case of the 
temporal VE, this shift occurs in time rather than space (Chen & Vroomen, 
2013). Additionally, in the temporal VE, the auditory stimulus is dominant, 
attracting the perceived timing of the visual stimulus toward it. The 
temporal ventriloquism aftereffect (or lag adaptation) is similar to the spatial 
ventriloquism aftereffect in that it involves an adaptation process, leading to a 
shift in temporal perception that persists even after exposure to the temporal 
ventriloquism illusion has ended. Specifically, after being exposed to a series 
of auditory and visual stimuli with a consistent lag, individuals will judge 
simultaneous audiovisual events differently. This difference is rather small, 
however, with a resulting shift of -32 ms and +27 ms for an initial “training” lag 
of -235 ms and +235 ms (Fujisaki et al., 2004).

McGurk Effect
First described by McGurk and MacDonald (1976), the McGurk effect challenges 
the notion that speech perception is a solely auditory affair. In their experiment, 
McGurk and MacDonald showed that when participants were presented with 
a video of a woman’s lips uttering the syllable “ba”, while at the same time 
listening to an audio recording of a woman saying the syllable “ga”, many 
of them perceived the syllable “da”. Similar to the ventriloquism effect, the 
McGurk effect demonstrates visual dominance. However, they differ in that 
the ventriloquism effect alters the perceived location of the auditory stimulus, 
while the McGurk effect influences the perceived meaning of the auditory 
stimulus. Over forty years after the initial experiment, Alsius et al. (2017) 
discussed the state of the research on this effect and identified a number of 
problems. They attempted to do a meta-analysis of McGurk literature in order 
to determine the strength and variability of the effect, but were not able to 
do so because only 2 experimental studies out of 4901 citations provided 
tables with the necessary data. Later they note that there is quite some 
variance in experiment design and methodology, making it more difficult 

Figure  4 
Ventriloquism Effect

visual stimulus auditory stimulus

perceived location shift

Ventriloquism Aftereffect and Temporal Ventriloquism
Another phenomenon that is related to the spatial VE is the spatial 
ventriloquism aftereffect. It occurs after a person has been exposed to the 
ventriloquism illusion for a prolonged period of time and the brain adapts to 
the perceived location of the sound source. After the illusion has passed, a 
person may still experience a shift towards a prior visual cue when an auditory 
cue occurs (Recanzone, 1998). Again, several representative studies have been 
compared and summarised by Chen and Vroomen (2013). One of the main 
conclusions is that the strength of the aftereffect is dependent on the length 
of the exposure to the VE. Whether or not the aftereffect is dependent on the 
consistency of the pitch of the auditory stimulus during and after exposure 
to the illusion is unclear, with some studies reporting that frequency changes 
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to draw general conclusions. Despite this difficulty, they go on to describe a 
number of interesting findings. One of these findings is the difference in effect 
strength depending on the type of vowel used in the uttered phrase (Green et 
al., 1988). Another interesting finding is the high variability in effect strength 
between subjects. While in the original study by McGurk and Macdonald, most 
participants perceived the effect, in a study by Gentilluci and Cattaneo (2005), 
for example, 67.7% did not perceive the McGurk effect. This raises questions 
about the conditions required to create this effect, and what specifically causes 
this variance in perception. Alsius et al. continue to hypothesise about what 
might cause this, and emphasise the need for further investigation.

stimuli can also affect the perceived quantity of events. According to Shams et 
al. (2002), variation in the shape, duration and source of the auditory stimulus 
do not change the strength of the effect. The most important known parameter 
that can negatively impact the strength of the effect is the stimulus-onset 
asynchrony: the time between the first beep and flash pair and the second beep. 
According to Hirst et al. (2020), who conducted a review of over 100 studies on 
the SIFI, the effect starts to diminish at a stimulus-onset asynchrony of over 
70 ms and is non-existent at 200 ms. Apart from this parameter, the effect 
is rather robust and has been used effectively in multisensory processing 
research. 

Figure  5 
McGurk Effect

Figure  6 
Sound Induced Flash Illusion

visual stimulus auditory stimulus percept
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Sound Induced Flash Illusion
The next effect involves the potential for auditory stimuli to influence the 
number of visual events perceived. The sound-induced flash illusion (SIFI), 
first described by Shams et al. (2000), is typically induced by the simultaneous 
presentation of a single flash and a rapid sequence of beeps. In this illusion, the 
auditory modality dominates, leading the observer to perceive the number of 
flashes as matching the number of beeps. In a sense, this effect is the inverse 
of the McGurk effect, with sound influencing the meaning of visual events 
rather than the visual stimulus altering the perception of sound. One of the 
most important conclusions drawn from the existence of this illusion is the 
fact that vision is not always dominant. We saw earlier that audition can be 
dominant in temporal cross-modal events, but the SIFI proves that auditory 

visual stimulus illusory visual events

auditory stimuli

time
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Stream-Bounce Illusion
Another effect in which the auditory modality seems to be dominant is the 
stream-bounce illusion. When an observer is presented with a visual stimulus 
consisting of two linearly moving discs that cross along their trajectory, an 
auditory stimulus can cause it to appear as though they are in fact bouncing off 
each other (Sekuler et al., 1997). Again, this effect shows that the meaning of a 
visual event can be influenced by an auditory cue. Importantly, the auditory cue 
needs to occur within a temporal window of -100 ms to 100 ms relative to the 
collision of the two discs (Remijn et al., 2004). 

stream bounce

no auditory stimulus auditory stimulus

Figure  7 
Stream-Bounce Illusion

Colavita Effect 
The Colavita effect occurs when a visual and auditory event happen 
simultaneously, and the observer responds only to the visual effect, indicating 
visual dominance. The first experimental studies were done by Colavita (1974) 
fifty years ago, and involved, yet again, a series of beeps and flashes. The original 
study consisted of 4 experiments, the first of which involved participants being 
presented with a simultaneous auditory and visual stimulus and having to 
choose by pressing a key, whether they heard a tone or saw a light. A significant 
majority of these trials ended with the participant favouring the visual stimulus, 
indicating a strong visual dominance. The second and third experiment in 
this study served to eliminate the possibility of other variables causing this 
apparent visual dominance (ambient light level, tone volume). During the fourth 
experiment the participants were explicitly instructed to press the tone key 
whenever they were presented with a “conflict trial” (a tone and light occurring 
simultaneously), and still they pressed the light key more than half of the 
trials. These experiments strongly suggest that in the case of a simultaneous 
audiovisual event, the visual sensory modality is dominant. In a meta-analysis 
of 14 studies, Hirst et al. (2018) provide some caveats to this conclusion. For 
example, the type of instructions given to participants seems to influence the 
strength of the effect. Another finding was that in experiments with children 
(under the age of 9) there was no Colavita effect found. This seems to indicate 
that visual dominance develops over the years and is not present from birth. 
The Colavita effect contrasts with the other effects discussed, as it does not 
involve multisensory integration. Instead, one sensory modality (audition) is 
effectively ignored, with only the other (vision) being perceived. A potential 
contributing factor to this phenomenon is endogenous attention (Wang et al., 
2021). This suggests that when designing for multisensory experiences, the 
visual component should not dominate attention entirely, as it may diminish 
the perception of other sensory modalities.
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Figure  8 
Colavita Effect

Figure  9 
Bouba and Kiki

Cross-Modal Correspondences
While perhaps not being an exhaustive review of all literature on cross-modal 
effects, most well-established effects and illusions have been discussed above. 
A comprehensive overview of all effects discussed can be found in Table 1. In 
addition to these cross-modal effects, several cross-modal correspondences 
are worth addressing. A classic example of such a correspondence is the 
Bouba-Kiki effect, where the word “bouba” is associated with a round shape 
and the word “kiki” is associated with an angular shape (see Figure 9). This 
association seems to be true across different cultures (Ćwiek et al., 2022). 
There are correspondences within the domain of music as well. For example, 
a study by Adeli et al. (2014) found associations between soft timbres and 
round shapes, and hard timbres and angular shapes, as well as some colour 
related associations. Additionally, there are well-established correspondences 
between loudness and brightness, pitch and brightness, pitch and size and 
pitch and height (Zeljko et al., 2019). These cross-modal correspondences 
could be included in the design process in combination with one of the cross-
modal illusions to increase audiovisual binding, as there is evidence that these 
correspondences affect integration (Spence, 2011).

bouba kikisimultaneous visual and auditory stimuli

visual dominance
auditory stimulus
not perceived
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Table  1 
Cross-Modal Effects

name

ventriloquism effect

ventriloquism aftereffect

temporal ventriloquism effect

temporal ventriloquism aftereffect

McGurk effect

sound induced flash illusion

stream-bounce illusion

Colavita effect

effect

visual cue attracts spatial perception of auditory cue

auditory cue shifts towards prior visual cue after adaptation

auditory cue attracts temporal perception of visual cue

audiovisual events are perceived differently after adaptation to 
asynchronous audiovisual events

speech perception is altered by modulating visual cue.

auditory cues affect the quantity of perceived visual cues.

auditory cue affects the perceived motion of visual events
 
during simultaneous visual and auditory events, visual events are 
dominant

dominance

visual

visual

auditory

auditory

visual

auditory

auditory

visual

perceptual domain

spatial

spatial

temporal

temporal

semantic

semantic

motion

semantic

1.1.3 An Argument for Ventriloquism
Out of all the effects discussed, the ventriloquism effect and the ventriloquism 
aftereffect yield the most interesting and exciting potential applications 
within the context of the nightclub and electronic dance music. At the same 
time, other effects still provide important lessons to take into account when 
designing audiovisual experiences. The argument for the ventriloquism effect 
and aftereffect will be made by first eliminating the other effects before 
highlighting the qualities of the selected illusions.

Let us start with the temporal ventriloquism effect and temporal ventriloquism 
aftereffect, where the perceived timing of visual events shifts toward 
asynchronous auditory stimuli. This phenomenon could help align slightly 
mismatched visuals and music, making them appear synchronized. While the 

existence of this effect could be useful in those situations where technical 
difficulties occur and there is a slight delay between visuals and music, in most 
cases modern technology renders this effect useless. The stream-bounce 
illusion changes the meaning of the movement in a visual event by using 
specific auditory stimuli. Since the music is the main event in the nightclub, it is 
unlikely that it would sacrifice its quality by playing specific auditory cues that 
facilitate this illusion. Perhaps visuals could be created in such a way that the 
illusion could still occur without changing the music, by synchronising it with 
existing percussive elements. However, it remains unclear how the introduction 
of this illusion could enhance audience experiences. A similar argument can be 
used against the sound induced flash illusion. While it is possible that a rapid 
sequence of auditory events would occur naturally in music (during a build-
up, for example), and it is also true that those auditory events might influence 
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the perceived quantity of simultaneous visual events, there is no immediate 
reason to believe that this illusion would improve audience experiences. The 
McGurk effect could be applied in very specific situations where the meaning 
of the lyrics of a song could be influenced through visuals. This might result 
in an interesting effect if both variations of the lyrics are meaningful in 
some way. However, implementing this illusion seems inefficient compared 
to directly recording alternate lyrics. Furthermore, as nightclub music is 
often instrumental (or contains minor vocal elements that are functionally 
instrumental), the practical application of the McGurk effect is minimal. While it 
may be possible to create a compelling audiovisual experience using this effect, 
achieving high congruence between music and visuals would be essential. Given 
that DJs decide on the music they play (often on the spot), this congruence is 
challenging to achieve. Lastly, we have the Colavita effect. This effect should 
not be discounted entirely, as it will play a role in any situation where audio and 
visuals occur simultaneously, including the nightclub. However, while visual 
dominance might have been established in controlled lab settings with short 
discrete stimuli, it might be less prevalent in the context of a nightclub, where 
attention is directed primarily to the music. 

The reason why the spatial ventriloquism effect (and aftereffect) may yield 
interesting design opportunities is because it may allow existing music to be 
experienced in a more immersive and spatial way by introducing visual events 
to alter the perceived sound source of musical elements. A study by Hirway et al. 
(2024) found that spatial audio resulted in better self-reported experiences and 
heightened attention. Similarly, an experimental study by Hyodo et al. (2021) 
found that spatial audio enhances the emotional experience when compared 
to stereo audio. By binding the perceived source of auditory stimuli to locations 
around the listener using visual cues, the ventriloquism effect could be 
leveraged to create an illusory spatial audio experience. Being enveloped in the 
music may increase the sense of immersion the audience will experience. 

Immersion is a rather nebulous term, with different definitions depending on 
the context in which it is used. For the purposes of this project, the following 
definition is used:

Immersion is a phenomenon experienced by an individual when they 
are in a state of deep mental involvement in which their cognitive 
processes (with or without sensory stimulation) cause a shift in their 
attentional state such that one may experience disassociation from 
the awareness of the physical world. (Agrawal et al., 2019, p. 407).

This definition is chosen because it maps closely to the nightclub experience 
and the desires of clubbers. As described by Malbon (2002), one of the main 
allures of clubbing is the sense of escape, both from daily life and from the 
self. Creating an enveloping audiovisual experience might facilitate this sense 
of escape and thereby enhance overall audience experiences. In addition to 
possibly improving the nightclub experience by increasing immersion, another 
reason for focusing on the ventriloquism effect in this project, is the lack of 
research studying this effect in real-life scenarios. This absence was specifically 
mentioned by Chen and Vroomen (2013) in the concluding remarks of their 
literature review.

1.1.4 Discussion
In this literature review, both the literature on electronic dance music 
experience and perception as well as the research on cross-modal illusions 
were investigated in order to find opportunities to connect these domains. 
While being extensively studied in controlled settings, little research has 
looked into possible design opportunities provided by cross-modal illusions, 
which provides justification for this project. The context of the nightclub was 
chosen because it already is a cross-modal playground. There already is a rich 
tradition of combining audio with visuals, but little scientific research has been 
done investigating how these audiovisual experiences are perceived. Thus, this 
project addresses knowledge gaps in both cross-modal illusions in realistic 
scenarios and the perception of audiovisual nightclub experiences. 



18literature reviewphase 1

In order to complete this project, a specific cross-modal illusion needed to be 
chosen to guide the design process. The ventriloquism effect appeared to be 
the most suitable for this task. It does not require any changes to the music 
performance, which is important, since that is an established practice that is 
not likely to change. Additionally it shows potential to add to the experience by 

Chapter Summary
This chapter investigated the literature on the nightclub experience 
and cross-modal effects. The ventriloquism effect and ventriloquism 
aftereffect were deemed as the most promising for use in this project, 
since they can potentially enhance audience immersion in nightclubs.
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To gain a better understanding of the current nightclub experience, and 
complement the ethnographic findings discussed earlier, a questionnaire was 
distributed to frequent clubbers. The objective of this survey was to identify 
what aspects of the nightclub experience clubbers enjoy or dislike, with a 
particular focus on the audiovisual elements. The data were collected to 
uncover user preferences, which helped inform the design process. A total of 21 
people responded to the survey, and the complete set of questions and results 
can be found in Appendix A. 

1.2.1 Results
In the following sections the relevant results are summarised and analysed. 
Quantitative results are given where possible, and qualitative data that is 
analysed by identifying the common themes found in the answers. 

Demographic
Out of all respondents, 71% identified as a man and 29% identified as a woman. 
The age range was 18 to 31 with a mean age of 26. Club attendance was quite 
high, and is visualised in Figure 10.

1.2 clubber questionnaire

Figure  10 
Club Attendance

rarely [13.9%]

once per week [9.9%]

2-3 times per month [28.7%]

once per month [47.5%]
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Figure  11 
Popular Genres

Figure  12 
Properties Deemed Important for a Good Nightclub Experience
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General Questions
When asked which clubs were preferred, a wide range of answers was given, but 
there was a strong preference for Dutch clubs, specifically clubs in Amsterdam. 
This is likely due to the fact that respondents were selected through local 
channels. The most frequently mentioned club was “Garage Noord” in 

Amsterdam. When asked why respondents preferred the clubs they mentioned, 
most respondents said it had to do with the music curation and the atmosphere 
of the club. Some of them also mentioned the presence of good visuals and 
lighting. The respondents’ preferred genres are depicted in Figure 11.

The Nightclub Experience
Respondents were asked to describe their best nightclub experiences. Ten 
themes were identified in the answers and quantified. These themes are 
visualised in Figure 12. The importance of good music was mentioned most, with 
10 respondents emphasising its importance in their answer. Following this, the 
energy of the crowd, and the quality of the lighting were mentioned most often.
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0% 20% 40% 60% 80% 100%

music

lighting & visuals
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(type of crowd)
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important very important

Figure  13 
Likert Scale Rating of Six Nightclub Experience Elements

Figure  14 
Recurring Elements Contributing to Preferred Audiovisual Experience

Following this question, 6 elements of the nightclub experience were rated 
using a Likert scale from very unimportant to very important. The elements 
were: music, lighting and visuals, the size of the club, the spatial design, the 
freedom of expression and the social environment. The size of the club was the 
most controversial element with some rating it very unimportant and some 
rating it very important. Additional results can be seen in Figure 13.

stroboscopes

smoke machine

synchronised visuals

simple lighting

immersive experiences

other

0 1 2 3 4 5

that a way to improve the lighting could be to spread the lights around the 
room more. Now, lighting is mostly focused on the performer, but they enjoy it 
when the audience is incorporated as well.

The Audiovisual Experience
When asked to describe their best audiovisual experience, respondents 
diverged a bit more in their answers. Five recurring themes were identified 
(see Figure 14). They included feelings of immersion, use of simple lighting 
and synchronisation between visuals and music. Additionally, traditional club 
elements like use of smoke and stroboscopes were mentioned as well. 

When asked how the club experience could be improved, better curation of 
music was mentioned 6 times, better lighting and visuals was mentioned 5 
times and better door policy was mentioned 3 times. This maps well to what 
respondents liked in their best club experiences, where they mentioned the 
music, the lights and crowd as being most important. One respondent answered 

One respondent answered that they especially liked it when the visuals made 
them lose track of the space they were in and transported them to another 
place. Another respondent simply answered that they like: “The ones that make 
you feel like you’re tripping when you’re sober”. The majority of respondents 
agreed that visuals are essential to a complete club night experience, and when 
asked how they want to feel during such an experience, most answered with 
“immersed in the environment”. The remaining answers are visualised 
in Figure 15.
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Following that, when asked if visuals or lighting affected their emotional 
connection to the music, 40% of respondents answered “always”, 55% of 
respondents answered “sometimes” and 5% of respondents answered “never”. 
When asked how the audiovisual experience could be improved, answers 
diverged a lot. There were only three common themes: minimal lighting (4), 
synchronisation between music and visuals (3) and more immersive experiences 
(3).

1.2.2 Discussion
As mentioned before, this sample is perhaps not representative of the more 
general club audience. Since local networks in Amsterdam and Delft were used 
to contact respondents, most of them are active in night scenes surrounding 

Figure  15 
How Respondents Want to Feel During a Club Night
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these locations (Amsterdam, Den Haag, Rotterdam). Additionally, the number 
of respondents would ideally be higher to achieve more robust statistical 
significance. However, since much of the data gathered is qualitative, noticing 
an overlap in answers to some of the questions (for example with the theme of 
immersion) is already quite useful. Throughout the questionnaire there seemed 
to be a number of themes that were quite prevalent in the respondents’ 
answers. Firstly, it seemed that most respondents agreed that lighting and 
visuals are very important to the overall experience. Social factors like the type 
of crowd and freedom of expression seemed to be important as well. When 
looking specifically at the audiovisual experience, respondents value immersion 
as well as simplicity. Given the fact that most respondents only sometimes 
feel that their emotional connection to the music is influenced by the visuals, 
it seems that there is still room for improvement in this regard. Apart from 
immersion and minimalism, synchronisation between audio and visuals was 
listed as the most important areas for improvement. In conclusion, it seems 
that designs that improve immersion and synchronisation without being 
visually complex would be welcomed by the club audience.

Chapter Summary
This chapter described a questionnaire conducted with frequent 
clubbers. Results show that clubbers find visuals essential to the 
overall nightclub experience. The note immersion, simple lighting and 
synchronisation as important elements of an engaging audiovisual 
nightclub experience.
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1.3 expert interviews

In addition to understanding the experience of club audiences, the process of 
audiovisual experts was examined by conducting 4 interviews. This helped to 
reveal how visuals and music are already combined in practice and to assess 
whether this project’s approach could be of value. The main takeaways from 
each interview are discussed below. 

1.3.1 Interview #1 (New Media Art)
This expert is a new media artist who primarily uses dated analog equipment 
to create audiovisual works.

The work of the expert relies heavily on a scientific approach to art. The expert 
uses analog equipment that allows for the direct link between the visual and 
the auditory, since the same signal is used for both. There is no translation 
between sensory modalities. The expert distinguishes between arbitrary and 
non-arbitrary visual music, where arbitrary visual music is the pairing of any 
visual and auditory content that do not share the same signal source, and non-
arbitrary visual music is the combination of visuals and audio that result from 
the same signal, thereby being representations of the same thing in different 
modalities. They claim that audiences hear more by looking at the visual. 
The visual accentuates certain properties of the sound. The expert’s practice 
consists of using old tools to create new aesthetics. Due to the use of analog 
equipment, audio and visuals are synchronised extremely well. Audiences 
respond very well to this synchronisation. The expert switches between 
synchronised and unsynchronised parts during their performance, as they 
believe that the contrast creates an interesting experience. They refer to the 
different sections in techno music that contrast each other to keep the crowd 
engaged as an example.

.

1.3.2 Interview #2 (Lighting Design, Light Shows)
This expert primarily creates light designs and live visuals for music 
performances. 

The expert started their work in scenography (stage design). They use light 
as the main storyteller in their work and music plays a supporting role. The 
expert’s unique approach to lighting design results from the fact that they 
are not trained as a light technician. The expert views the whole space as their 
playground and uses contrast between darkness and brightness to overwhelm 
audiences. Their approach to lighting design is quite experimental. They are 
not concerned with temporal synchronisation between audio and visuals, as 
long as there are climactic moments where both come together.  The expert 
describes their live work with DJs as a dialogue, where both artists need to trust 
each other and let the other take the lead at times. The expert notes that when 
sound is used in combination with light, it allows the light artist to use darkness 
as well, because the sound fills up the emptiness. 

1.3.3 Interview #3 (Club Music, New Media Art)
This expert primarily produces electronic dance music, but also creates 
audiovisual works.

The expert works mostly in club music and installation art. They expressed 
that they dislike when music containing cultural references (melody, harmony, 
rhythm) is paired with an abstract visual work that does not contain those 
references. Instead, when working together with a visual artist in the past, 
they used audio recordings made during the creation of the visual work as 
the sound source for the music, so there is a literal connection between the 
music and the visual. In other works, the soundscape contained clues about 
the scenery in which the visuals took place, so the audience could feel as 
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though they were there. In describing the importance of synchronisation 
between audio and visuals, the artist highlighted a work involving dancers 
who needed musical cues to determine how far along they were in the piece. 
The synchronisation is not only important for the audience, but also for the 
performer. While describing the ideal lighting to go with their music in a club 
context, the expert mentioned the use of stroboscopes and a lot of smoke. 
They want the audience to lose track of their surroundings so they can be as 
present as possible and experience only the performance. They mention the 
role of visuals and other environmental factors (spatial design of club, smoke) in 
recontextualising commercial music in a non-commercial setting. Through this 
recontextualisation the aesthetics of a track can be altered so it can become 
quite interesting in a club setting. The expert is also interested in working on 
audiovisual installations that make audiences experience rhythm through 
vision. By pairing auditory and visual elements that produce the same rhythm 
one after the other, audiences could experience rhythm in multiple sensory 
modalities. 

1.3.4 Interview #4 (Club Music, New Media Art)
This expert primarily produces electronic dance music, but also creates 
audiovisual works.

The expert describes how the visuals they create often attempt to describe 
the feeling they try to express with their music. The works made by the expert 
tend to be interpretive, abstract expressions of their emotions, where the 
music often inspires the visual work. When discussing club nights, the expert 
describes how they enjoy multiple senses being stimulated at once, resulting 
in a “full experience”. The expert ascribes a feeling of euphoria to this sensory 
(over)stimulation that occurs when combining stroboscopes, dynamic visuals 
and club music. They also note that synchronisation between audio and 
visuals is not essential to them, as the brain is good at interpreting different 
kinds of patterns, so connections will be found even if there is no perfect 
synchronisation.

1.3.5 Discussion
One thing that is immediately obvious is the variety of approaches taken when 
creating audiovisual work. What is shared by all experts, however, is their belief 

that there needs to be a clear relation between audio and visuals. In interview 1, 
this relation is extremely direct, with the exact same signal being used to create 
both the sound and the visuals. In interview 2 and 4, this is the opposite, with 
the experts interpreting the audio and expressing themselves through visuals 
based on that. In interview 3, the expert describes the need for conceptual 
alignment between audio and visuals.

Synchronisation is a topic that came up in multiple interviews, with some 
valuing precise synchronisation between audio and visuals and others valuing 
ambiguity in this regard. An interesting point was made in interview 1, where 
the expert noted the parallel between synchronised and unsynchronised 
visuals and the different sections present in a techno track: the contrast 
keeps the audience interested and engaged. This inspired the mode-switching 
functionality in the final design described in Chapter 2.6. In addition, 
descriptions of ideal club nights given in both interview 3 and 4 emphasise 
experiential elements over conceptual elements. To these experts, a good club 
night is about feeling, sensory stimulation and being present. This aligns well 
with the ethnographic findings discussed in Chapter 1.1. Finally, while these 
experts incorporate auditory and visual elements in their work, none explicitly 
utilise cross-modal illusions in their projects. This suggests that research in this 
area could provide valuable insights. While these experts possess extensive tacit 
knowledge about creating engaging audiovisual experiences, this project could 
serve to synthesise and democratise this knowledge.

Chapter Summary
This chapter described a series of interviews conducted with 
audiovisual experts. Results show that while approaches differ, both 
audiovisual synchronisation and contrast between different sections 
are important to the audience experience.
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Following the desk research on cross-modal illusions, it was important to assess 
how feasible it was to incorporate the ventriloquism effect in the final design. 
To that end, a small-scale experiment was conducted with 7 participants to test 
the illusion. In this experiment, the effect was created using simple stimuli
.
1.4.1 Method
To confirm the presence of the ventriloquism effect, it is necessary to 
demonstrate that the perceived location of a sound shifts toward the position 
of a simultaneous visual cue. In this experiment, a large TV was used to display 
visual cues and a small bluetooth speaker was used to create the auditory cues. 
The perceived location shift was measured by asking participants to indicate the 
perceived source of the sound after each trial (left, centre, or right).

Participants
The experiment included 7 adult male participants (aged 24–30) with normal 
hearing.

Stimuli and Conditions
In this experiment, the position of the visual stimuli remained fixed in the 
centre. The auditory stimulus continuously moved to one of three positions 
(one 20 degrees to the left of the centre, one 20 degrees to the right). The 
experiment consisted of 30 trials in which participants were exposed to 
2 conditions: unimodal and bimodal. The unimodal trials involved only an 
auditory stimulus, the bimodal trials included both auditory and visual stimuli. 
In both unimodal and bimodal trials, the auditory stimulus was positioned 
in one of the three positions (left, centre, right). If the ventriloquism effect is 
present, the perceived location of the auditory stimulus would move towards 
the centre during bimodal trials, due to the attraction from the fixed visual 
stimulus.

In addition to the 30 test trials, there were 3 practice trials to familiarise 
participants with the procedure. These were discarded in the analysis of 
the results. In total there were 18 bimodal trials and 15 unimodal trials per 
participant, but the order was randomised. In both unimodal and bimodal trials, 
the auditory positions were distributed equally. However, because the first three 
trials were discarded, the resulting number of unimodal and bimodal trials 
varies slightly per participant. 

1.4 ventriloquism effect 
experiment

Figure  16 
p5.js Sketch Containing Visual Stimulus and Horizontal Line.

Note. This is what the participant saw during the trials. When there was no visual stimulus present, there was 
no white circle and only a vertical line.
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Procedure
Participants were seated and aligned with a vertical line displayed on the 
screen. They were informed that they would complete 33 trials (including the 3 
practice trials), each involving either a single stimulus or a stimulus pair. They 
were instructed to verbally report whether the sound originated from the left, 
centre, or right of the vertical line. 

1.4.2 Results
The results of the experiment can be found in Figure 18 and 19. They depict 

the relative results of the unimodal and bimodal trials, respectively. If the 
ventriloquism effect was present, a larger percentage of actual left and right 
auditory cues would be perceived as being in the centre during bimodal trials. 
This is clearly visible when comparing the unimodal and bimodal results. To 
determine statistical significance, a chi-square test was performed on the 
results. The results of the bimodal trials were considered to be the “observed” 
results. The “expected” results we created by taking the quantity of bimodal 
trials and applying the distribution of the unimodal trials. This was done due 
to the fact that the null hypothesis stated that there would be no difference 
between unimodal and bimodal trials. The resulting p-value was < 0.001, which 
would suggest statistical significance. One problem with this analysis is that 
the expected results rely on results of unimodal trials that may not even be 
significant themselves. Due to the limited number of participants, it cannot be 
said with certainty that the results of the unimodal trials are a representative 
baseline to which the bimodal trials can be compared. The full results and chi-
square calculations can be found in Appendix B.

Figure  17 
Experiment Setup Including TV, Chair and p5.js Sketch.

Figure  18 
Results Unimodal Trials in Percentanges
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1.4.3 Discussion 
This experiment was successful in the sense that it provided a more tactile 
understanding of the ventriloquism illusion. Additionally, the results do not 
contradict the effect, and might even confirm it. Given the small number of 
participants, the difference between unimodal and bimodal trials seems prom-
ising. However, due to difficulties with proving statistical significance, it cannot 
be said with certainty that these results are representative of the larger popula-
tion. 
In this experiment, audiovisual binding was facilitated through the temporal 
congruence of visual and auditory stimuli. The impact of this congruence 
on binding could be further explored by manipulating the temporal 
synchronisation between the stimuli in various ways. Additionally, the effects of 
cross-modal correspondence on binding could be examined through different 
approaches, such as having stimuli in both modalities follow consistent 
patterns, compared to a control condition with incongruent patterns. 

In conclusion, the results align with existing experimental research 
demonstrating the ventriloquism effect. For this project, they confirm that the 
effect is both achievable and worthy of further exploration through design.

Figure  19 
Results Bimodal Trials in Percentanges
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Chapter Summary
This chapter described an experiment conducted to measure the 
ventriloquism effect. While statistical significance was difficult to 
prove, results indicated a presence of the effect. This showed that 
using the ventriloquism effect in the final design was feasible.
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The initial research phase of this project was rather exploratory, focusing on 
finding interesting design opportunities by combining domains. This was risky, 
in a sense, since it was not clear at the beginning that this exploration would 
yield any worthwhile results. At the end of this phase, however, it became 
clear that there are promising design opportunities in combining cross-modal 
illusions with the context of the nightclub. 

The literature review was essential for gaining a thorough overview of both 
domains, shedding light on both the literature on both cross-modal illusions 
and the nightclub experience. At the same time, it highlighted the research 
gaps in both domains, with very few studies looking into both the application 
of cross-modal illusions and the perception of audiovisual experiences in 
nightclubs. Supported by this literature, a case was made for the ventriloquism 
effect and ventriloquism aftereffect. These effects affect our perception in the 
spatial domain, and were determined to be the most promising in the context 
of the nightclub. 

The case for ventriloquism is further supported by the results from the 
questionnaire. Key themes that clubbers described as important to the 
experience were their sense of immersion and synchronisation between 
audio and visuals. They also noted that both these themes were areas for 
improvement. Light installations leveraging the ventriloquism effect could 
solve both these problems. For the ventriloquism effect to work properly, 
audiovisual synchronisation is required and when it works properly, sound will 
appear to come from multiple directions, potentially enhancing immersion. 
This notion of synchronisation was echoed in the expert interviews as well. 
However, there seemed to be differing opinions on it. Some use more strict 
forms of synchronisation, while others do not temporally synchronise their 
visuals to music at all. The feasibility of reproducing the ventriloquism effect 

was assessed rather successfully in the conducted experiment. While conclusive 
statistical significance may not have been achieved, the results implied that the 
ventriloquism effect did in fact occur. The fact that the effect was reproduced in 
a controlled setting using simple equipment, indicated that implementing the 
effect in the final prototype was an attainable goal. 

 
In conclusion, during the first seven weeks of this project, a variety of research 
methods were applied to investigate whether an interesting connection can be 
made between the world of cross-modal illusions and the world of clubbing. 
After careful analysis of the results, the findings supported continuing this 
project with a focus on applying the ventriloquism effect in the nightclub 
context to enhance audience immersion.

1.5 general discussion
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The findings from the research phase led to the formulation of the following 
primary research question:

RQ1. Does the ventriloquism effect applied in the nightclub lead to higher levels 
of audience immersion?

In addition to investigating the ventriloquism effect’s impact on immersion, 
a secondary research question was formulated, exploring whether consistent 
mapping between musical elements and corresponding visual cues influences 
the audience’s experience. To address this, the design must incorporate 
two operational modes: one with consistent mapping (e.g., the snare drum 
consistently triggers a specific light) and another with randomised mapping 
(e.g., the snare drum triggers different lights each time). By comparing these 
modes, the influence of consistent visual-auditory cue pairing on binding can 
be assessed.

RQ2. Does consistent mapping between visual and auditory cues affect 
binding?
		   	  	  		
If consistency has no significant impact on immersion or the ventriloquism 
effect, it would simplify the design of audio-reactive systems, reducing their 
complexity. Conversely, if consistency significantly enhances the audience 
experience, it would highlight a powerful strategy for light designers and artists 
to create more engaging and impactful audiovisual designs.

1.6 research questions



phase 2: design

This phase starts with the design definition, ideation and idea selection. Next, the 
selected idea is developed into a functioning audio-reactive installation. After 
thorough testing, the design was installed in the nightclub, in preparation for 
exhibition and evaluation.
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2.1 definition

Following the exploratory research and the formulation of research questions, 
the design phase commenced. This chapter outlines how the findings from 
the research phase led to a concrete design goal, interaction vision and list of 
design requirements. The purpose of design within this project is to function as 
a research tool to generate knowledge about cross-modal design in nightclub 
environments.

2.1.1 Design Insights from Research Phase
During the research phase several methods were employed to better 
understand the context. Findings from these activities that were used for 
guiding the design process are listed in Figure 20. One key finding is that while 
synchronisation is necessary (to create the VE), audiences respond best to 
visuals that alternate between synchronised and unsynchronised sections. This 
makes intuitive sense, as it is quite easy to imagine how looking at the same 
type of visual for a prolonged period of time might become uninteresting. 
Another finding is the fact that audiences both value immersion and simplicity 
when it comes to visuals. Thus, the final design needs to be able to create a 
sense of immersion without relying on visual complexity. Lastly, to increase 
binding, cross-modal correspondences need to be included in the design as well.

2.1.2 Design Goal
To address the answer the research questions, the final design must induce the 
ventriloquism effect within the nightclub environment by creating visual cues 
that are synchronised with the music produced by the DJ. The design can then 
be evaluated to determine whether the ventriloquism effect enhances audience 
immersion. To achieve this, the following design goal was established:

To increase the sense of immersion for clubbers in nightclubs by leveraging the 
ventriloquism illusion.

Figure  20 
Insights from Research Phase
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2.1.3 Interaction Vision
To guide the design process in terms of form and interaction qualities, an 
interaction vision was developed. To create a fitting vision, a brainstorm was 
performed focusing on scenarios that embodied the envisioned emotional 
experience. The outcomes of this brainstorm are visualized in Figure 21. The 
interaction vision that best captured the desired experience can be summarized 
as follows:

Interactions with my design should feel like exploring a butterfly house.

Figure 22 visually represents this interaction vision, illustrating the intended 
atmosphere and emotional qualities. Apart from capturing the desired feeling, 
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this interaction vision also reflects the multisensory nature of this design. A 
butterfly garden offers a multisensory experience, characterized by the dynamic 
movement of butterflies, which provides continuous visual stimulation. 
The subtle rustling of leaves and the soft sound of fluttering wings add an 
auditory dimension to the environment. Additionally, the presence of flowers 
and plants introduces an olfactory component, enhancing the sensory richness 
of the space. 

Figure  21 
Interaction Vision Brainstorm

Figure  22 
Interaction Vision of a Butterfly House
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Note. Image generated using DALL-E 3 (OpenAI, 2023).

2.1.4 Interaction Qualities
Upon analysis, the interaction vision revealed several key interaction qualities 
to incorporate into the design. The three most useful qualities are outlined 
below:

Intimate
A butterfly house, with its small scale and abundance of flowers, plants, and 
butterflies, creates an intimate environment that feels immersive and personal. 
Similarly, the nightclub is an intimate setting where individuals can freely 
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express themselves and form connections with others. The design should 
emphasize and enhance this sense of intimacy, creating an environment that 
supports personal expression and shared experiences.

Unfamiliar
The presence of exotic butterflies, free to fly around and approach closely, 
introduces a sense of unfamiliarity and intrigue within the intimate space of the 
butterfly house. This interplay between intimacy and unfamiliarity is similarly 
fitting for the nightclub. A defining characteristic of the club is its experimental 
and boundary-pushing nature, where clubbers often explore new aspects of 
fashion, dance, sexuality, and self-expression. The design should embrace and 
reflect this sense of unfamiliarity, creating moments of perceptual intrigue that 
resonate with the club’s exploratory atmosphere.

Welcoming
The visual appeal of the butterfly house, with its vibrant atmosphere, draws 
visitors in, making it a welcoming space. While the environment may be 
unfamiliar, visitors should still feel comfortable and secure. Similarly, to 
encourage vulnerability and self-discovery, the club must provide a safe and 
inviting space. The design should captivate clubbers, drawing them into the 
experience and encouraging active engagement, while ensuring the atmosphere 
remains inclusive and free of intimidation.
These interaction qualities capture the desired experience. The combination 
of being welcoming yet unfamiliar should evoke curiosity and encourage 
engagement. The intimacy of the space must be maintained and further 
enhanced through the design. As ethnographic studies have shown (Chapter 1.1), 
human connection is a fundamental element of nightclub culture. In addition 
to these qualities, the multisensory aspects of the interaction vision would need 
to guide the design process as well. While the design is inherently multisensory, 
integrating both auditory and visual elements, it also needs to incorporate the 
constant movement found in butterfly houses.

2.1.5 Exhibition
To effectively evaluate the design, it was important to be able to test in context. 
To that end, an exhibition opportunity was arranged to show the installation at 
Garage Noord (a nightclub in Amsterdam) during a club event on the 15th and 

16th of February 2025. The constraints created by this event (e.g. time, budget) 
were taken into account in the design requirements. 

2.1.6 Design Requirements
Following the definition of research questions, design goal and interaction 
qualities, concrete design requirements could be formulated:

Function
The design must be synchronised to the audio (max. delay: 30 ms)
Synchronisation is required for the ventriloquism effect. Too much delay 
between audio and visuals might inhibit the effect from occurring, as well as 
create frustration in the audience.

The design must create visual cues that are distributed throughout the space
The distribution of visual cues is essential for the ventriloquism effect to 
enhance immersion. If all cues were confined to one location, the audio would 
seem tied to that spot, preventing the creation of a spatial audio illusion.

The design must be able to create consistent and randomised visual cues.
To answer the second research question, the design must be capable of both 
synchronisation modes.

The design must incorporate one or more cross-modal correspondences.
To increase binding, one or more of the cross-modal correspondences discussed 
in chapter 1.1 should be incorporated in the design.

The design must alternate between synchronised and unsynchronised modes.
As discussed in chapter 1.2, audiences prefer contrast between synchronised 
and unsynchronised sections. The design should alternate between different 
modes to meet this audience preference.

The design must be able to function automatically without the need of a VJ.
There will not be a VJ available during the event at Garage Noord. The limited 
budget cannot accommodate the additional expense of hiring a VJ. 
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Form 
The form of the design must fit the exhibition space. 
The exhibition space frames the design. Its affordances and limitations need to 
be taken into account and the form must harmonise with it, rather than fight it.

The form of the design must be simple.
As mentioned in chapter 1.2, audiences prefer simplicity over complexity in 
lighting and visuals, so the form must balance visual interest with simplicity.

Feasibility
The production cost must remain affordable.
No additional budget has been provided by the event organisers, so it is 
crucial to keep costs minimal, as the majority of expenses will be covered 
independently.

The design must be easily transportable in a single car.
Renting a van would significantly increase the cost. The budget is better spent 
on the design, not transportation. 

The design must be designed in such a way that it can be installed in 5 hours.
There are only two days available for installation at Garage Noord (starting at 3 
pm), one of which is needed for evaluation.

Reliability and Safety
The design must be able to withstand vibrations.
Club sound systems can reach up to 110 dB(A) and produce significant 
vibrations. If components are not properly mounted or installed, these 
vibrations could lead to damage or failure, creating potential safety hazards. 

The design must be able to withstand or avoid guests touching it.
The nightclub is not a conventional exhibition space where respectful behaviour 
can be expected of its visitors. Some guests may intentionally or unintentionally 
touch the design, and it would need to be able to withstand that. 

Chapter Summary
This chapter defined the objectives for the design phase, consisting of 
a design goal, interaction vision and design requirements. To answer 
the research questions, an audiovisual installation needed to be 
designed that created spatially distributed audio-reactive visual cues 
in the nightclub. 
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2.2 ideation

After defining the design parameters and requirements, the ideation process 
began. This involved both idea generation, discussed in Section 2.2.2, and 
material exploration, which will be detailed in the following section. These 
processes occurred simultaneously, as working directly with materials provided 
a tactile understanding that informed the idea generation.

2.2.1 Material Exploration
The relatively complex functionality of the design, requiring electronics for 
audio-reactivity, ruled out low-fidelity prototyping as a practical option. 
Evaluating ideas effectively would demand high-fidelity prototypes. Fortunately, 
all ideas required the same core functionality: producing distributed audio-
reactive visual cues within the exhibition space. The primary differences 
between ideas were in their form and materiality. Thus, the approach settled on 
involved experimentation with as many materials as possible, to assess if they 
could be used in the design, rather than to make functioning prototypes with 
only a small selection of them. An overview of all tested materials can be found 
in Figure 23.

Addressable LED Strips
The LED strips are easy to use and program with a microcontroller. Each LED is 
individually addressable, offering significant flexibility. However, without proper 
diffusion, individual LEDs are visible, contributing to an uninteresting, typical 
LED strip aesthetic.

LED Filaments
LED filaments were also simple to use, requiring only 3V and easily powered by 
a coin cell battery. They offer an interesting form, but their short length limits 
flexibility, and longer versions are harder to source and more expensive.

Figure  23 
Tested Material
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addressable LED strips (SK6812)
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LED bars (TL)
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screens (HP monitors)

projector (Topvision)

3D-printed transparent PLA

EL Wire
The electroluminescent wire showed great potential. While not very bright, it 
emits a pleasant glow and is cost-effective, with longer wires readily available. 
Its aesthetic is more unique than LED strips due to its thin, continuous form. 
The main drawback is that it requires 100V AC to operate, necessitating an 
inverter for use with a DC power supply.
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LED Bars
LED Bars provide a classic industrial look. Controlling them is easiest with a DMX 
dimmer (which is rather expensive). They are quite bright, which means fewer 
of them would be needed in the nightclub to reach the desired light level. At 
the same time, having fewer lights also limits the amount of expressive power 
available for the design.

LED Matrix
The LED matrix tested proved challenging to use, despite numerous attempts. 
While it offered greater expressive potential than LED strips due to its two-
dimensional nature, its small size and high cost rendered it impractical for 
large-scale installations within the project's budget.

Figure  24 
El Wire Experiment

Figure  25 
LED Matrix Experiment

Screens
The screens were straightforward to use. However, they are quite old, so a DVI to 
HDMI adapter was needed to be able to connect them to a computer. The fact 
that they were so old did provide an interesting low-resolution look, which fits 
the rugged nightclub aesthetic.

Projector
The projector was the simplest display option, functioning via standard HDMI 
output. To create engaging visuals, it could be used for projection mapping onto 
angled surfaces. However, both display options (projector and screens) require 
a computer with a powerful graphics card to generate real-time audio-reactive 
visuals, which exceeds the budget.
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3D-Printing for Light Diffusion
Lastly, 3D-printed transparent PLA was tested as a light diffuser. When 
combined with an LED filament, a simple, small lamp was created with pleasing 
light diffusion. However, a downside is the time-consuming nature of creating 
custom lamps. Designing just this small lamp took a week, making it a labour-
intensive process.

Figure  26 
LED Matrix Experiment

Figure  27 
Initial Brainstorm

Discussion
Among the materials tested, EL wire and LED filaments proved the most 
promising. EL wire is simple to use and offers a unique aesthetic, while LED 
strips and matrices are more common and less visually engaging. LED bars are 
easy to implement but lack creative flexibility. Screens and monitors offer more 
possibilities but require a powerful computer that exceeds the project’s budget. 
Additionally, creating audio-reactive visuals with software like TouchDesigner 
requires expertise, making it unfeasible within the project’s time frame. LED 
filaments, when paired with 3D-printed lamp shades, have potential, but the 
time required for development could provide a challenge.

2.2.2 Idea Generation
Alongside material exploration, the idea generation process began. The 
constraints defined by the design goal, interaction qualities, and design 
requirements established a clear framework. Each idea needed to align with 

these parameters. As mentioned before, the goal was to develop an automatic, 
audio-reactive installation capable of generating visual cues that are both 
spatially distributed and synchronised with the music. 

Initial Brainstorm
To start off the ideation process, a brainstorm was performed around the 
question: How can (spatially distributed) visual cues be created? The results are 
visualised in Figure 27.
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[1] lanterns
Custom 3D-printed lanterns attached to ceiling.

[2] strings
EL-Wire string attached to the ceiling.

[3] windows
Screens mounted to different surfaces (walls 
and ceiling).

[4] curtains
Textile suspended from the ceiling acting as 
projection surface. 

[5] matrix
Matrix of LEDS covering the walls and ceiling.  

[6] web
Web of EL-Wire covering parts of the ceiling 
and walls.   

[7] beams
Ceiling mounted spots that create downward 
facing beams of light.  

[8] cubes
Cubes acting as projection surfaces suspended 
from the ceiling.  

[9] uv laser
All surfaces are covered in UV reactive paint. 
Lasers draw on these surfaces.   

[10] bars
Surfaces are covered in LED bars.   

[11] wristbands
All guests are given remote controlled glowing 
wristbands.    

[12] canopy
A tree-like canopy made from EL-panels.     

[13] smoke
Ceiling mounted smoke machines that create 
visual cues in different locations. based on 
auditory cues.      

[14] bubbles
Ceiling mounted bubbles machines that create 
visual cues in different locations. 
locationsbased on auditory cues.      

[15] pillars
Cylindrical pillars that can light up are 
placed on the ground throughout the space. 
locationsbased on auditory cues.      

[1] [2] [3] 

[5] [4] [6] [7] 

[9] [8] [10] [11] 

[13] [12] [14] [15] 

Ideas
The results from the 
brainstorm were then used 
to develop 15 installation 
ideas. The full idea 
descriptions and original 
sketches can be found in 
Appendix C.
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2.2.3 Idea Selection
Each idea was rated on a scale from -2 to 2 based on design requirements 
(see Figure 28) and interaction qualities (see Figure 29). The web idea scored 
highest for design requirements (20 points), followed by the bars (19 points), 
and the strings and lanterns (17 and 16 points, respectively). Most ideas had 
similar functionality scores, as they differed primarily in form. Feasibility varied 
most, with some ideas being too expensive or time-consuming. For interaction 
qualities, both the strings and web ideas scored 5 points, while the lanterns, 
curtains, and canopy scored 4 points. The web idea, offering more freedom and 
playfulness in its form, stood out over the strings idea, which was more static.

When combining the results from evaluations based on the design 
requirements and interaction qualities, the web idea emerged as the highest-
scoring option with a total of 25 points. It was followed by the strings idea with 
22 points and the lanterns idea in third place with 20 points. Based on these 
results, the web idea was chosen for further development. The specific form 
of the web still needed further development and depended heavily on the 
exhibition space. 
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[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]

The design must be synchronised to the audio (max. delay: 30 ms)

The design must create spatially distributed visual cues

The design must create consistent and randomised visual cues

The design must incorporate cross-modal correspondences

The design must alternate between synced and unsynced modes

The design must be able to function automatically

The form of the design must fit the exhibition space

The form of the design must be simple

The production cost must remain affordable

The design must be easily transportable in a single car

The design must able to be installed in 5 hours.

The design must be able to withstand vibrations

The design must be able to withstand or avoid guests touching it

16 17 10 9 8 20 14 5 2 19 11 13 -2 -6 6

ideasdesign requirements

total

[1] lanterns  [2] strings  [3] windows  [4] curtains  [5] matrix
[6] web   [7] beams  [8] cubes  [9] uv laser  [10] bars
[11] wristbands [12] canopy  [13] smoke  [14] bubbles  [15] pillars

ideas scoring

-2 -1 0 1 2

2 2 1 1 2 2 2 1 -1 2 -2 2 -2 -2 2

2 2 1 1 1 1 0 1 0 0 2 2 1 1 2

2 2 2 2 2 2 2 2 2 2 2 2 -1 -1 2

1 1 2 2 2 1 1 2 1 1 1 1 -1 -1 1

2 2 2 2 2 2 2 2 0 2 2 2 0 0 2

2 2 1 1 2 2 2 1 2 2 2 2 1 1 2

1 1 0 1 0 2 1 0 -1 1 0 1 2 -1 -2

0 1 0 -1 0 1 2 0 0 2 1 0 1 0 0

1 2 -2 -1 -1 2 0 0 -1 2 -2 0 -2 -2 -1

2 2 0 1 1 2 0 0 1 2 2 1 -1 -1 -1

1 0 1 0 -2 1 0 -2 -2 1 2 0 -1 -1 0

1 1 1 1 0 1 0 -1 0 1 2 -1 -1 -1 1

-1 -1 1 -1 -1 1 2 -1 -1 1 -1 1 2 2 -2

Figure  28 
Idea Rating Based on Design Requirements

ideas

design requirements
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Figure  29 
Idea Rating Based on Interaction Qualities
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4 5 1 4 -2 5 -1 1 -1 -2 2 4 0 3 3
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qualities

total

2 2 -1 2 -1 1 -1 -1 -1 -1 1 1 1 0 0

0 1 1 0 0 2 0 2 2 -1 0 2 -1 1 2

2 2 1 2 -1 2 0 0 -2 0 1 1 0 2 1

[1] lanterns  [2] strings  [3] windows  [4] curtains  [5] matrix
[6] web   [7] beams  [8] cubes  [9] uv laser  [10] bars
[11] wristbands [12] canopy  [13] smoke  [14] bubbles  [15] pillars

ideas scoring

-2 -1 0 1 2

Chapter Summary
This chapter consisted of material exploration, idea generation 
and idea selection. In the end, the web idea was selected, as it best 
satisfied both the design requirements and the interaction qualities.
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2.3 audio-reactive prototyping

One of the primary requirements of this design is audio-reactivity. Without 
visual cues synchronised to live audio, the ventriloquism effect cannot be 
achieved. Given the critical role of this feature, various tools for creating audio-
reactive visuals were tested early in the process. Due to budget constraints, 
DMX-based systems were avoided, and alternative methods for controlling 
the lights were explored. Microcontrollers were chosen as a cost-effective 
solution, as they can easily interface with a computer via serial over USB. The 
design could then function by capturing audio from the DJ mixer, analysing it 
on a computer, and sending trigger commands to the microcontroller, which in 
turn controlled the lights. Three software platforms were explored that could 
perform the audio-analysis and generate the triggers: TouchDesigner, Max/MSP, 
and Ableton Live with a custom Max for Live plugin. To test these tools, a simple 
hardware setup was devised that emulated the signal flow that would be found 

drum machine
 TouchDesigner

 Max/MSP

 Ableton Live +

 Max for Live

microcontroller LED strip

pc

Figure  30 
Hardware Setup for Audio Reactive Prototyping

Figure  31 
TouchDesigner Experiment

in a nightclub. This setup is depicted in Figure 30.

2.3.1 TouchDesigner
TouchDesigner, a visual programming language for graphics, can process audio 
and communicate over serial. During the test, TouchDesigner analysed audio 
input with a simple gate. If the volume exceeded a threshold, the software 
generated a trigger. While functional, the computer’s CPU struggled with live 
audio processing, causing significant delays and rendering TouchDesigner 
unsuitable for this project.
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2.3.2 Max/MSP
Like TouchDesigner, Max/MSP is a visual programming language, but it is better 
suited for audio processing. The same signal flow was recreated in Max, without 
the delays or performance issues. 

Figure  32 
Max/MSP Experiment with Binary Triggers

2.3.3 Ableton Live + Max for Live
Max is also available within Ableton Live, allowing integration with Ableton’s 
audio tools for preprocessing before serial communication in Max. However, 
running Max within Ableton introduces some performance limitations due 
to added computational overhead. The same signal flow from the standalone 
experiment was implemented in Ableton, and it functioned similarly. Combining 
the Max for Live plugin with Ableton’s Gate audio effect enabled more precise 
audio refinement, resulting in improved triggers.

Note. Audio signal is normalised, then compared with a threshold of 0.1. If it exceeds the threshold a value of 
255 is sent to the microcontroller over serial.

Discussion

TouchDesigner quickly proved unsuitable for this project due to significant 
delays and performance issues. In contrast, Max/MSP provided the right tools 
with minimal latency. It can be used in both standalone mode and its integrated 
form within Ableton Live, each offering distinct advantages. The standalone 
version ensures optimal performance with minimal risk of desynchronization, 
delays, or other errors. On the other hand, Ableton’s built-in audio effects 
simplify signal fine-tuning before further processing in the Max for Live plugin. 
While both approaches are viable, performance and reliability is the priority, 
which makes the standalone version the better option. The same processing 
achieved in Ableton with the Gate audio effect can also be replicated in Max/
MSP, albeit with a bit more effort.

Figure  33 
Ableton Experiment

Note. Audio is pre-processed in the “Gate” plugin before entering the “mfltest” custom Max for Live plugin. 
This plugin functions the same as the patch depicted in Figure 25, but it also incorporates some user interface 
elements.
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2.4 exhibition space and stakeholders

After having chosen the idea that was best suitable for further development, 
next steps were taken to turn this idea into a functioning installation. The 
prototype would be exhibited during a weekend long club night, so apart from 
evaluating the design and answering research questions, it would need to 
function adequately and provide the right atmosphere for the club. This chapter 
will outline the context of this exhibition and provide an overview of the 
stakeholders.

2.4.1 Exhibition Stakeholder Map
The exhibition was held at Garage Noord, a popular nightclub in Amsterdam. 
The installation was part of an event hosted by Los Angles that lasted from 
Saturday the 15th of February until Sunday the 16th (2025). The lighting design 
for this event was curated by .WEST, an organisation focused on exhibiting art in 
nightclubs. The production costs were split among myself and .WEST. Figure 34 
provides an overview of all stakeholders involved in this exhibition:

Figure  34 
Stakeholder Map
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garage noord
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2.4.2 Site Visit
Before designing the final form, a clearer understanding of the exhibition 
space’s layout and constraints was needed. The nightclub was visited to take 
photographs and measurements, focusing on potential mounting locations 
for the EL wire and identifying any spatial limitations. Garage Noord has two 
main rooms, one large and one small. The small room was requested for the 
exhibition as it aligned best with the intimate interaction quality. An overview 
of the space is given in Figure 35 and a simplified plan view is shown in Figure 
36.

Figure  35 
Overview of bar40, the Small Room at Garage Noord.



45exhibition space and stakeholdersphase 2

Figure  36 
Plan View of Exhibition Space
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The ideal mounting locations for the installation are on the beams highlighted 
in blue in Figure 36. These beams are made of steel, attached to the ceiling, 
and can easily support the weight of the EL wire. As shown in Figures 37 and 
38, the walls of the exhibition space are predominantly covered in tiles, with 
concrete bricks behind them. This combination makes drilling into the walls less 
practical, though still feasible. Door 1 (Figure 37), which leads to a maintenance 
closet, can accommodate drilled holes; however, it could not be guaranteed that 
this door would remain closed during the event. In contrast, Door 2 (Figure 38) 
is never opened and could be reliably used for mounting.

The dance floor is located in front of the DJ-booth, while guests will move 
around more in the area around the bar and the back of the room (as seen in 
Figure 40). The installation needed to be centred around the dancefloor, as this 
is the heart of the club experience. Visual cues needed to be distributed around 
this centre point to create the ideal experience. Additionally, the bar lights 
needed to remain on at all times for staff, making it preferable to minimise the 
installation’s presence in that area. Since EL wires are relatively dim, they would 
be most effective in darker sections of the space.

The area to the right of the DJ booth, shown in Figure 39, presents challenges 
for placing parts of the installation. As previously mentioned, there was a 
chance that this door would need to be opened during the event, so it was best 
to avoid obstructing it with EL wire. However, the steel structure above the bar 
could serve as a suitable mounting point for the EL wire, which could then be 
connected to Beam 3 or Beam 1.

The back of the room (see Figure 40) features two additional beams suitable 
for mounting. However, as previously mentioned, the installation’s primary 
focus needed to be centred around the dancefloor. That said, having some 
installation elements in this section could help spark curiosity in passers-by 
and enhance the welcoming interaction quality. A possible approach was to use 
the frosted windows between Door 2 and Door 4, which overlook the hallway to 
the bathrooms. Positioning lights behind these windows could generate visual 
interest and attract attention from those walking past.Note. This plan is not to scale
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Figure  37 
Photo of the DJ-Booth

Note. Room appears larger due to lens distortion. Note. Room appears larger due to lens distortion.

Figure  38 
Photo of the Area to the Left of the DJ-Booth
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Figure  39 
Photo of the Area to the Right of the DJ-Booth

Note. Room appears larger due to lens distortion. Note. Room appears larger due to lens distortion.

Figure  40 
Photo of the Area to the Left of the DJ-Booth
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The site visit provided valuable insights into the space’s opportunities and 
limitations, helping me to develop the form further with the space in mind. 

The key conclusions are as follows:

1. The ideal mounting locations were the steel beams on the ceiling, 
offering both support and accessibility.

2. Wall-mounting would be challenging due to the tiles and concrete, 
making it less practical.

3. The installation needed to focus on the centre of the dancefloor, in front 
of the DJ-booth, as this is the heart of the club experience.

4. The bar area needed to be avoided to maintain visibility of the 
installation.

5. The frosted window overlooking the hallway presented an opportunity to 
create visual interest.
 
6. Door 2 offered a practical mounting location without disrupting the 
space’s flow.

Chapter Summary
This chapter described the constraints created by the exhibition 
space. The installation’s focus area was identified, as well as ideal 
mounting locations.
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2.5 form development

With a clear understanding of the exhibition space, the form could be 
developed. This form plays a crucial role in achieving the interaction qualities 
and producing the ventriloquism effect. To ensure it is effective, compelling, and 
appropriate for the space, 5 iterations were conducted, refining the design to 
balance feasibility, aesthetics, and its ability to create spatially distributed visual 
cues.

Iteration 1: Web
Building on the initial idea, two refined sketches were produced to explore 
the web idea further. These were overlaid onto a traced photograph of the 
exhibition space to assess their spatial feasibility. To mitigate safety risks, most 
EL wires were positioned along the walls and ceiling, so they would not form a 
tripping danger. However, it was concluded that these forms were unsuitable, 
as the chaotic distribution of EL wires introduced ambiguity, making it difficult 
to generate distinct visual cues. Sketches from this iteration are provided in 
Appendix D.

Iteration 2: Exploration
To generate alternative forms, reference images were compiled into a mood 
board to explore alternative ways of using EL wire (see Figure 41). Following 
this, several sketches were produced, diverging from the web concept. One 
approach, illustrated in Figure 42, outlined objects in the exhibition space. While 
this created an interesting visual effect, the outlined objects had no relation 
to music. This lack of connection made this approach difficult to justify. Next, 
the material’s inherent flexibility was explored, leading to the development of 
the forms shown in Figures 43 and 44. While these successfully integrated the 
material’s affordances, their overall appearance was chaotic and lacked clear 
direction.

Figure  41 
Moodboard
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Figure  42 
Form Iteration: Outlines

Figure  44 
Form Iteration: Tendrils

Figure  43 
Form Iteration: Liquid

Iteration 3: Regions
To address the issue of ambiguity in the visual cues identified in the first 
iteration, forms with distinct regions were developed to facilitate clear, spatially 
distributed cues. Grouping EL wire enhanced its visibility, compensating for 
its low brightness. The form in Figure 45 consists of three regions: one on the 
ceiling and two on the walls beside the DJ booth. However, the use of straight 
lines limited playfulness and failed to utilise the material’s flexibility. In 
contrast, the curved EL wire arrangement in Figure 46 created a more dynamic, 
immersive canopy above the audience. This iteration confirmed that separate 
EL wire regions were effective, but greater playfulness was needed.
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Figure  45 
Form Iteration: Three Regions

Figure  46 
Form Iteration: Curved Regions

Figure  47 
Form experiment: Straight lines

Iteration 4: Physical Experimentation
Although sketching proved valuable in the early design stages, direct physical 
experimentation was required to fully understand the material’s behaviour. 
After acquiring the EL wire, a series of experiments was conducted to explore its 
potential and limitations.
An initial attempt was made to recreate the straight lines from earlier sketches. 
As shown in Figure 47, the wires exhibited slight wobbliness due to being coiled 
during shipping. Various methods aimed at reducing these irregularities were 
tested, but none proved particularly effective. Eventually, larger curls were 

(a) Parallel (b) Intersecting
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reduced, although minor irregularities persisted. This unexpected material 
property also affected the appearance of curved parallel EL wires (see Figure 
48), which, instead of forming smooth, elegant curves, appeared crooked and 
disorganised. As a result, the form direction from the previous iteration was 
reconsidered.

Thus, exploration continued to determine what else was possible with this 
material. Rather than resisting the wire’s natural curves, forms were created 
that allowed it to flow more freely (see Figure 49). However, achieving 

Figure  48 
Form experiment: Curved lines

Figure  49 
Form experiment: Organic Shapes

(a) Side (a) Valley(b) Front (b) Peak

aesthetically pleasing results still required careful arrangement to highlight 
the wire’s qualities without introducing excessive visual chaos. Translating 
this concept into a larger installation proved challenging, leading to the 
development of another form with several EL wire "arms" radiating from a 
single point (see Figure 50). This structure created a cohesive, immersive 
installation with distinct visual cues across different areas. Additionally, it 
reinterpreted the original web-like concept to fit within project constraints. 
Combining these “arms” with the organic shapes, seemed like the most 
promising way forward.

Iteration 5: Final Design
Having established that the installation should feature separate organically 
shaped arms emanating from a single point, the final form could be developed. 
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The chosen arrangement included two arms on the ceiling, one on the left 
wall, and one behind the DJ. This introduced variation in all dimensions 
while avoiding the bar area. Figure 51 integrates organic shapes with this 
arrangement, by using multiple curved threads per arm, creating a dynamic 
form. However, this approach distributed light evenly along the arm rather than 
producing distinct focal points. To refine this, further physical experiments 
were conducted (Figures 52 and 53), shifting the focal point to the ends where 
individual wires diverge. These experiments also highlighted that arms with 
subtle width variations created more visual interest. The “fork” experiments felt 

Figure  50 
Form experiment: Web Revisited

Figure  51 
Form experiment: Threads

(a) Close-up (b) Total

too rigid, while the “curl” experiments were overly exaggerated; the final form 
needed to balance these extremes. Additionally, more diverging branches along 
the arms needed to be incorporated to cover a larger area of the exhibition 
space.

The form of these experiments reminds of the structure of dendrites. 
Interestingly, dendrites, along with firing neurons, align well with the concept 
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Figure  52 
Form experiment: Forks

Figure  53 
Form experiment: Forks

Figure  54 
Dendrites

(a) Angular

(a) Straight Arm

(b) Curved

(b) Irregular Arm Note. Visualisation of Dendrites (Beaulieu-Laroche & Harnett, 2018).

of the installation. The arms light up when triggered by music, much like how 
neurons fire when triggered by a stimulus. Additionally, since the installation 
explores multisensory perception, an aesthetic inspired by the brain seems 
fitting. An example of dendrites can be seen in Figure 54. 
The final design, shown in Figure 55, incorporates insights from previous 
iterations and takes inspiration from these dendritic structures. Additionally, it 
meets the form-related design requirements:

1. It enables visual cues distributed throughout the space.
2. It works within the constraints of the exhibition space.
3. It is not overly complex.

The design also successfully embodies the intended interaction qualities. The 
all-encompassing arms create both a welcoming and intimate atmosphere, 
surrounding visitors with light from all directions. The organic form introduces 
a sense of unfamiliarity and "aliveness." Several additional elements from the 
interaction vision are also present: the dynamic form evokes the movement 
of butterflies in a butterfly house, the organic shapes resemble the curves of 
plants and flowers, and the overall multisensory, immersive experience aligns 
with the essence of a butterfly house.
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Figure  55 
Final Design Sketch
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2.6 function development

Having determined the form, the focus could shift to the details of the 
functionality. This chapter discusses the development of both the hardware and 
software needed to achieve this functionality. But first, a brief explanation is 
given about what this functionality entails. 

2.6.1 Functionality Overview
The general function of this installation is to generate synchronised, audio-
reactive visual cues. As determined during the form iterations, these cues are 
created by EL wire and are distributed across 4 distinct light groups. To align 
with the interaction vision, the installation needs to incorporate a dynamic 
range of light animation modes, and switching between these modes needs to 
occur automatically. To assess the effect of consistent mapping on binding, two 
audio-reactive modes are needed: one with consistency and one without. To 
create contrast with the audio-reactive modes, non-reactive modes are needed 
as well. Two were developed: one controlled by Simplex noise, and one where 
all the lights were off. Finally, loudness-brightness correspondence is included 
in the design by relating the loudness of auditory cues to the brightness of the 
different light groups. An overview of the functionality is provided in Figure 56.

visual cues are distributed across 4 light groups

light mode

[1] sync consistent

[2] sync random

[3] simplex noise

[4] off

function

audio-reactive with consistent mapping

audio-reactive with random mapping

simplex noise controlled brightness

all lights are turned off

primary function

generate audio-reactive visual cues

the installation automatically switches bewteen light modes

light groups behave according to 4 light modes

Figure  56 
Overview of Modes
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2.6.2 Hardware
To facilitate the functionality described above, a system consisting of custom 
hardware and software needed to be developed. The primary objective of the 
system is to convert audio signals from the DJ mixer into triggers for the light 
groups. The following solution was implemented:

1. The audio from the DJ is digitally analysed using Max/MSP on a PC, which 
receives the input through an audio interface. 

2. This analysis generates triggers for the audio-reactive modes, which are 
sent to a microcontroller. 

3. The microcontroller, which also manages the simplex noise and off 
modes, controls the light groups using MOSFETs (controllable switches).

4. DC inverters are used to power the EL wire, as it requires AC power.
 

A comprehensive diagram of the electronics system is provided in Figure 57.

Figure  57 
AV Diagram

pc
audio analysis

audio interface
audio input

dj mixer
audio output

control unit
light control
 

inverter group 1
dc to ac

inverter group 2
dc to ac

inverter group 3
dc to ac

inverter group 4
dc to ac

microcontroller

mosfet array

el wire
light output
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Table  2 
Hardware Components / Cost Overview

component 

el-wire

12v dc inverter

insulated dual-core wire

n-channel mosfet

power supply (12v 20a)

teensy 4.0 microcontroller

usb a to micro-usb cable

12v dc connector

perforated board

audio interface (focusrite 2i2)

pc (dell)

quantity

48 units

48 units

30 meters

4 units

1 unit

1 unit

1 unit

4 units

1 unit

1 unit

1 unit

total:

total cost (excl. BTW)

€ 210.14

n/a 

€ 36.27

€ 4.30

€ 66.07

€ 23.55

€ 2.27

€ 3.63

€ 0.46

n/a 

n/a

€ 346.69 

The hardware components required to build this system, along with their costs, 
are depicted in Table 2. The Teensy 4.0 microcontroller was selected for its 
affordability and high clock speed (600 MHz), ensuring faster processing and 
more reliable control of the lights. 

Electronics Configuration 
Since each light group needs to be controlled separately, 4 MOSFET modules 
were required in total. Each MOSFET controls multiple DC inverters, with each 
inverter powering a single EL wire. Before assembly, the wiring was mapped out 

in a diagram, as shown in Figure 58. Power from the DC input is split across 4 
MOSFETs. PWM and ground signals are connected to the microcontroller’s data 
and ground pins, allowing the microcontroller to control the MOSFETs. Each 
MOSFET output connects to an inverter group, with the inverters connected to 
multiple EL wires.
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control unit

mosfet 1

pwm gnd vin+

vout+

vin-

vout-

mosfet 2

pwm gnd vin+

vout+

vin-

vout-

mosfet 3

pwm gnd vin+

vout+

vin-

vout-

mosfet 4

pwm gnd vin+

vout+

vin-

vout-

gnd57911

microcontroller

dc in
gnd

12v

inverter group 1

vin gnd

inverter group 2

vin gnd

inverter group 3

vin gnd

inverter group 4

vin gnd

el wire el wire el wire el wire

pcusb usb

Figure  58 
Diagram Full Electronics Configuration
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Electronics Housing
The electronics were housed in a 3D-printed enclosure, designed with screw 
mounting points for the MOSFETs and microcontroller. The DC input connector 
was friction-fit into a custom mount, and female DC connectors were used to 
allow easy connection and disconnection of inverter groups. The enclosure 
design is shown in Figures 59–61.

dc out holes

Figure  59 
Electronics Housing (Open, Axonometric View)

Figure  60 
Electronics Housing (Closed, Axonometric View)

cover
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Figure  61 
Electronics Housing (Open, Top View)

Figure  62 
Electronics Housing (Open, Top View)

(a) Open (b) Closed

dc in connector mount microcontroller mount

mosfet mounts

Assembly and Wiring
After 3D-printing the housing, all the components were assembled. A perforated 
board was used to create solder connections between the microcontroller and 
the MOSFETs. Additional connections were made according to the diagram 
depicted in Figure X. The fully assembled electronics box is shown in Figure 62.
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Inverter Groups
As mentioned above, each MOSFET was connected to a group of inverters, which 
powered a corresponding set of EL wires. To achieve this, 12 inverters were 
soldered together and connected to a single 5-meter insulated dual-core cable. 
A male DC power connector was attached to the opposite end of the cable, 
allowing the inverter groups to be plugged into the electronics box. A completed 
inverter group is shown in Figure 63.

jst connectors

inverters

insulated wire

dc connector

Figure  63 
Finished Inverter Group

Figure  64 
Software Division of Tasks

2.6.2 Software
Alongside the electronics, the software was developed using Max/MSP for audio 
analysis, following the conclusions outlined in Chapter 2.3. Triggers generated 
by Max/MSP were sent to a microcontroller running Arduino code, which 
controlled the light groups. Figure 64 describes the division of tasks between 
the microcontroller and the PC.

pc microcontroller

max app

converts audio signal
to light triggers

automatically switches
between modes

communicates
to arduino over serial

arduino

receives triggers 
and modes from max app

smooths trigger input
data

randomises mapping
for sync-random mode

generates simplex
noise for noise mode

outputs triggers
to inverter groups

Max/MSP
To implement the audio-reactive modes, the audio signal is segmented into 
4 frequency bands (see Figure 66) corresponding to key instrument groups 
in electronic dance music: bass, drums, vocals and melodic content, and 
cymbals and noise. This was achieved using band-pass filters applied at specific 
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frequency ranges. The filter cutoff frequencies were adjustable within the 
software, allowing fine-tuning to optimise the effect.
Once filtered, the signals were routed through noise gates (see Figure 65), 
which functioned as thresholds. A signal only passed through if it exceeded 
a predefined threshold, effectively filtering out quieter sounds that were not 
intended to trigger the lights. The threshold level could be adjusted to control 
the number of light triggers, preventing excessive or insufficient activation. 
Using this two-part approach, individual instruments could generate distinct 
visual cues. The analysis continuously generated 4 triggers, one for each 
frequency band. The mapping (either consistent or random) between these 4 
triggers and the 4 light groups is handled by the microcontroller.
Instead of a binary on/off response, the output triggers are continuous values 
between 0 and 255, where louder sounds result in higher values. For example, a 
loud bass hit could produce a value near 250, while a softer sound just above the 
threshold might yield a value around 100. This output value is mapped to the 
brightness of the light group, enabling loudness-brightness correspondence. 

time

am
pl
it
ud
e

threshold

when signal falls below 
threshold (grey), the 
gate closes and no 
signal will go through

Figure  65 
Diagram Depicting Noise Gate

Figure  66 
Diagram Depicting Division of Frequency Bands
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Since the installation needed to run automatically throughout the whole 
event, an algorithm was developed to manage switching between modes 
as well. As discussed in Chapter 1.3, audience engagement can be increased 
when using audio-reactive modes for the “drops” of the music played, while 
reserving unsynchronised modes for the “breakdowns”. Since breakdowns 
typically feature reduced low-frequency content, a threshold is applied to the 
bass frequency band to determine the current musical section. If the low-
frequency level drops below the threshold, the lighting system transitions to an 
unsynchronised mode; when bass levels rise again, it switches back to an audio-
reactive mode.
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The complete Max/MSP system is shown in Figure 67. A user interface and 
preset-saving system were included to improve usability. Figure 67 depicts 
the Max app in presentation mode, which hides internal connections to create 
a more user-friendly interface. Detailed patches and subpatches illustrating 
signal routing and processing are provided in Appendix E.

Figure  67 
Max App (Presentation Mode)

Note. Audio input (left), four frequency bands (top), four gates (bottom), presets & serial communication (right).

Arduino 
An overview of the tasks performed by the microcontroller is given in Figure 
64. For the sync consistent mode, triggers from the same frequency bands 
always trigger the same light group. For the sync random mode, mapping 
is randomised at a random time interval. To reduce flickering in the lights, 
a custom smoothing algorithm was implemented, as standard smoothing 
functions introduced a delay when controlling EL wire. The algorithm operates 
similarly to a leaking bucket that is intermittently refilled. Here, the "bucket" 
represents the brightness value (ranging from 0 to 255) assigned to the EL 
wire. This value continuously decreases over time, ensuring a gradual fade-
out effect. When the microcontroller receives a new trigger from Max/MSP, 
the corresponding brightness value is added to the existing level, allowing 
for immediate updates while maintaining smooth transitions. This algorithm 
preserves responsiveness while preventing flickering. The full Arduino code, 
with detailed comments, is available in Appendix F.

Chapter Summary
This chapter described the development of the hardware and 
software required to make the installation work. This included custom 
3D-printed electronics housing, a Max/MSP app for audio-reactivity 
and Arduino code that implements a custom smoothing algorithm for 
the lights.
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2.7 final exhibition

2.7.1 Integrated Prototype
Once the form was designed and all the components for the installation were 
developed, an integrated prototype test was conducted before installing the 
lights in the exhibition space. This step was crucial to fully judge the form and 
ensure that everything functioned as intended. The EL wire was set up in a 
manner similar to the final installation. After connecting all the electronics, 
the system was tested thoroughly with music similar to what would be played 
at the event. After making a few minor tweaks to the software, the installation 
performed excellently. The form looked even better in real life than in the 
sketches. Standing beneath it felt truly immersive. The arms reached out in all 
directions, creating a sense of being fully surrounded. 

Videos were made of the three tested modes:

	 1. Synchronised Consistent
	 2. Synchronised Random
	 3. Simplex Noise

Figure  68 
Integrated Prototype Test

https://www.youtube.com/watch?v=kOcAB5B88yU&ab_channel=semallush
https://www.youtube.com/watch?v=IxPTnFYj8tA&feature=youtu.be
https://www.youtube.com/watch?v=zDnQ-H93iDk&ab_channel=semallush
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2.7.2 Installation
The installation was carried out the day before the event and required 
approximately 10 hours to complete. All equipment was transported to the 
nightclub by taxi, and upon arrival, the installation process commenced 
following the unpacking of materials. To facilitate assembly, all light and 
inverter groups were colour-coded for easy matching (see Figure 68). 
The inverter groups were first installed near the ceiling above the DJ booth 

Figure  69 
Color Coded Lights and Inverter Groups

Figure  71 
3D-printed Cable Guides

Figure  70 
Installation of Inverter Groups

Figure  72 
Installation in Progress

(see Figure 69), serving as the central point where all light groups converged. 
The inverters were then connected to the electronics housing and PC to verify 
functionality. Once confirmed, the lighting remained on to aid in shaping 
the installation. The light groups were then attached to the walls and ceiling 
according to the layout depicted in Chapter 2.5, using custom 3D-printed 
cable guides and double-sided adhesive pads (see Figure 70). This attachment 
method had been tested beforehand to ensure stability throughout the event. 
The benefit of this method is that it did not require drilling in the walls, which 
was determined to be difficult during the site visit. Following the installation 

of all the EL wire, the overall form was assessed, and minor adjustments 
were made. Finally, the system’s functionality was tested using the club’s DJ 
equipment. Upon confirming that all elements operated as intended, the 
installation was finalised and ready for the event.



67final exhibitionphase 2

2.7.3 Exhibition
After installation, the design was prepared for the exhibition. Evaluation 
took place before and during the exhibition and is discussed in the following 
chapters. The event, a club night hosted by the Los Angeles collective, ran 
from 23:30 on Saturday, 15 February, to 00:00 on Sunday, 16 February. The 
room containing the installation was open from 02:00 to 20:00 on Sunday, 
during which the installation operated continuously. Several DJs performed 
throughout this period, and on Sunday evening, live performances featuring 
vocalists took place. As a result, the installation was active alongside a diverse 
range of musical genres. The event proceeded with minimal issues. The only 
technical difficulty involved occasional freezing of the audio input, which was 
resolved by remotely accessing the PC running the installation and restarting 
the software. Figures 72-76 (see following pages) present images of the final 
installation, while videos showcasing the final installation are accessible via the 
following links.

1. Demo in Exhibition Space Before Event

2. Demo in Exhibition Space During Event

3. Showcase Video

https://www.youtube.com/watch?v=GqHVhUUfEFE&feature=youtu.be
https://youtu.be/S-GIWA1cmbk
https://youtu.be/sNSJg42bWFU


Figure  73 
Final Installation 1/4



Figure  74 
Final Installation 2/4



Figure  75 
Final Installation 3/4



Figure  76 
Final Installation 4/4



phase 3: evaluation 

During this phase, the final design was evaluated during a weekend-long club 
event. Results from this evaluation led to the formulation of recommendations 
and guidelines for multisensory design in the nightclub.
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3.1 evaluation plan

To address the research questions and assess whether the objectives outlined in 
Chapter 2.1 were achieved, a three-part evaluation plan was developed.
First, a controlled user test was conducted in the nightclub prior to the event to 
examine the presence of the ventriloquism effect, the importance of consistent 
mapping between auditory and visual cues and to assess audience immersion. 
This test also contributed to evaluating the presence of the intended 
interaction qualities. Both qualitative and quantitative data were collected 
during this phase.

To supplement the user test with additional qualitative insights, 4 follow-up 
interviews were conducted with participants in the week following the event. 
This approach provided further context on how the ventriloquism illusion was 
perceived and the extent to which the audience felt immersed.
A key challenge of the controlled user test was that its conditions did not fully 
replicate those of an actual club night. In a typical club setting, the venue is 
crowded, and attendees engage in dynamic activities such as dancing and 
social interaction. To address this limitation, an additional questionnaire was 
distributed to 15 attendees during the club night itself. This questionnaire 
further investigated audience immersion, interaction qualities, and overall 
impressions of the experience.

Finally, findings from all three evaluation methods were synthesised to 
draw general conclusions regarding the effectiveness of the design. As this 
is a research-through-design project, insights from the design process 
were incorporated as well. These conclusions informed the formulation of 
recommendations and design guidelines for multisensory design in nightclub 
environments.
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3.2 user test

The user test was conducted on the day of the event in the same space where 
the event would occur. As stated in the evaluation plan, the goal was to answer 
both research questions and to evaluate the interaction qualities. Both 
quantitative and qualitative data was gathered during this evaluation activity.

3.2.1 Method
Two groups of participants were exposed to three audiovisual conditions, one 
for three of the light modes discussed in Chapter 2.6. The simplex noise mode 
acted as the control condition, with no audio-reactivity, while the other two 
were audio-reactive and served to measure the differences between consistent 
and randomised mapping of visual cues. After each condition, participants 
were asked to rate their experience based on immersion and the perceived 
localisation of sounds. If ventriloquism is present, this perceived localisation 
is hypothesised to be more spatially specific, as auditory cues are bound 
to distributed visual cues within the space. Participants were also asked to 
rate each condition based on the interaction qualities. After exposure to all 
conditions, qualitative data was gathered concerning the installation as a 
whole. A detailed explanation of the stimuli and conditions as well as the exact 
procedure is given below.

Participants
Thirteen participants took part in the test, with 6 in group 1 and 7 in group 2.

Stimuli & Conditions
Visual stimuli were provided by the designed installation, while auditory stimuli 
consisted of the same EDM track for all conditions: “Big Up The Ladies” by 
Fracture (2019). The track was played on the custom club sound system in the 
room, with speaker placements shown in Figure 77.

speakerdj booth

dancefloor

bar

Figure  77 
Speaker Placement

https://www.youtube.com/watch?v=0r4itlbrVtE
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Three conditions were tested: two experimental and one control. All conditions 
were bimodal, consisting of audiovisual pairs. Condition A involved synchronised 
visual stimuli that were consistently mapped to the same light groups (sync 
consistent mode). Condition B involved visual stimuli with randomised mapping 
to the light groups (sync random mode). Condition C, the control, featured 
visual stimuli controlled by noise (simplex noise mode). Differences between 
Condition A and B would indicate an effect of consistent mapping on perceived 
localisation and immersion.

condition

A

B

C

visual stimulus

sync consistent

sync random

simplex noise

auditory stimulus

“Big Up The Ladies” by Fracture

“Big Up The Ladies” by Fracture

“Big Up The Ladies” by Fracture

Table  3 
Overview of Conditions

Procedure
Participants were divided into two groups (group 1: 6 participants; group 
2: 7 participants). Each group entered the exhibition space separately and 
participated in a distinct test session. Before testing, both groups briefly 
experienced all conditions to ensure they were familiar with the setup and 
could accurately rate their experiences. Each test consisted of exposure to 
stimuli pairs from all conditions, with participants completing Questionnaire 
1 after each condition. Upon completing the test, participants filled out 
Questionnaire 2, resulting in a total of 4 questionnaires per participant. Both 
questionnaires are depicted in Table 4. Participants were free to move around 
the room and interact naturally, similar to a club environment, though they 
were instructed not to discuss their experiences during the test. Exposure 
to each condition lasted for two minutes, and the order of conditions was 
randomised between groups.
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questionnaire 1

please rate your sense of immersion during this light mode.
[10 point scale]  

please rate the perceived localisation of the audio (i.e. where the sounds come from) 
during this light mode. 
[10 point scale]

please rate the following statement: I found this installation “intimate”.
[Likert scale]

please rate the following statement: I found this installation “unfamiliar”.
[Likert scale]

please rate the following statement: I found this installation “wecloming”.
[Likert scale]

questionnaire 2

did you notice differences in immersion between the 
different light modes? please explain why.

did you notice differences in perceived localisation 
of the audio between the different conditions? lease 
explain why.

Table  4 
Questionnaires

3.2.2 Results
This section summarises the results of the user test, both quantitative and 
qualitative. Raw data can be found in Appendix G.

Quantitative Results: Questionnaire 1
Results from Questionnaire 1, conducted after each condition (three times 
per participant), were all quantitative in nature. The mean immersion scores 
(on a scale from 0 to 10) for each condition are presented in Figure 78. A one-
way ANOVA revealed a statistically significant difference between the three 
conditions (p < 0.05). Post-hoc T-tests, adjusted using a Bonferroni correction 
(p < 0.0167), indicated statistical significance only between Condition A 
and Condition C (p = 0.014). No significant differences were found between 
Condition A and Condition B (p = 0.37) or between Condition B and Condition C 
(p = 0.058). Effect size analysis, using Cohen’s d, revealed a small effect size of 
0.36 for the comparison between Condition A and Condition B, a large effect size 
of 1.05 for Condition A and Condition C, and a moderate effect size of 0.79 for 
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Figure  78 
Mean Immersion Scores
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Condition B and Condition C.
The mean perceived localisation scores (also on a 0-10 scale) for each condition 
are presented in Figure 79. A one-way ANOVA revealed a statistically significant 
difference between conditions (p < 0.05). However, after applying the 
Bonferroni correction (p < 0.0167), post-hoc T-tests revealed that none of the 
comparisons reached statistical significance. The p-values for the comparisons 
were as follows: Condition A vs. Condition B (p = 0.71), Condition A vs. Condition 
C (p = 0.028), and Condition B vs. Condition C (p = 0.055). Effect size analysis 
revealed a small effect size of 0.14 for Condition A and Condition B, a large effect 
size of 0.94 for Condition A and Condition C, and a moderate to large effect size 
of 0.80 for Condition B and Condition C.

condition a condition b condition c
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Figure  79 
Mean Perceived Localisation Scores

The interaction qualities were assessed in Questionnaire 1 using a 5-point Likert 
scale (strongly disagree, disagree, neutral, agree, strongly agree). Responses 
were quantified by assigning numerical values from 1 to 5, with 1 representing 
strongly disagree. The mean ratings for each interaction quality across all 
conditions are shown in Figure 80. A one-way ANOVA found no statistically 
significant differences between conditions for any interaction quality (p > 
0.05), suggesting that the ratings were consistent across conditions. However, 
when comparing interaction qualities irrespective of condition, a separate 
ANOVA revealed a statistically significant difference (p < 0.001). Post-hoc t-tests 
indicated that both intimate vs. unfamiliar and welcoming vs. unfamiliar 
comparisons were statistically significant (p < 0.0167, Bonferroni-corrected), 
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Figure  80 
Mean Interaction Quality Ratings (Per Condition)
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while intimate vs. welcoming did not show a significant difference (p = 0.192). 
The mean quality ratings irrespective of condition can be found in Figure 81. The 
intimate quality was rated 3.4, the welcoming quality received a higher rating 
of 3.7, and the unfamiliar quality was rated 2.8. These findings suggest that the 
experience was perceived as more welcoming and intimate than unfamiliar.

intimate unfamiliar welcoming
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Figure  81 
Mean Interaction Quality Ratings (Combined)

Qualitative Results: Questionnaire 2
Questionnaire 2, conducted after exposure to all conditions, collected 
qualitative data on participants’ experiences of immersion and perceived 
localisation of auditory cues. 

All participants reported differences in immersion between conditions, though 
their preferences varied. Some appreciated the calmness of Condition C, while 
others preferred the intensity of the audio-reactive conditions. The majority 

found the audio-reactive conditions more immersive, particularly Condition A. 
One participant noted: “The difference in immersion was caused most of all by 
the alignment between certain parts of the light display and specific musical 
cues. As a side effect, this drew my attention to different parts of the space.”
Experiences of localisation were mixed. While most participants did not strongly 
associate the audio with specific locations, some did report a spatial connection 
between sound and light. One participant described: “Mostly when the kick 
lined up with the long arm gripping around me, it felt like the sound was also 
filling the room more.” Another reported an increased sense of localisation over 
time: “In the third round, I stopped thinking and could actually feel and hear 
the audio coming from different places.” This suggests that ventriloquism may 
strengthen with extended exposure.
Participants also shared additional insights. One noted that the contrast 
between light modes could mirror the contrast between sections in music. 
This was, to some extent, implemented during the event. Additionally, one 
participant commented on the form of the installation, stating that attaching 
the organically shaped EL wire to the grid of bathroom tiles grounded the 
installation within the physical space, enhancing immersion.

3.2.3 Discussion
The results indicate that immersion varied significantly between conditions, 
with Condition A receiving the highest mean score (8.3), followed by Condition 
B (7.8) and Condition C (6.2). The significant difference found between Condition 
A and Condition C suggests that audio-reactive lighting enhanced immersion 
compared to the Simplex noise-controlled lighting. However, the lack of a 
significant difference between Conditions A and B in the quantitative results 
suggests that variations in audio reactivity did not substantially impact 
immersion levels. The effect size analysis supports this interpretation, with 
a large effect (d = 1.05) between Conditions A and C and only a small effect 
(d = 0.36) between Conditions A and B. These findings align with qualitative 
responses, where most participants found audio-reactive conditions more 
immersive, particularly Condition A. 
Perceived localisation followed a similar trend, with Condition A again receiving 
the highest mean score (7.23), followed closely by Condition B (7.00), while 
Condition C had a substantially lower mean score (5.08). Although ANOVA 
indicated a significant difference, none of the post-hoc comparisons survived 
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Bonferroni correction. However, effect size analysis suggests meaningful 
differences, with a large effect size (d = 0.94) between Conditions A and C 
and a moderate to large effect size (d = 0.80) between Conditions B and 
C. Qualitative responses provide further insight, with some participants 
reporting that synchronisation between light and sound positively affected 
how they experienced the music. Additionally, one participant noted increased 
audiovisual binding over time, suggesting that prolonged exposure could 
strengthen the effect.
While a definitive conclusion on the presence of the ventriloquism effect is 
difficult, quantitative results do suggest (though not statistically significant) 
that spatial specificity of auditory cues was higher in audio-reactive modes. 
Perceived differences between Condition A and B were small during this 
test, providing no evidence that consistent mapping affects localisation or 
immersion. The results strongly indicate that the light installation positively 
influenced immersion, with audio-reactive light modes resulting in significantly 
higher immersion compared to non-audio-reactive modes.
Interaction quality ratings showed no significant differences between 
conditions, indicating that the perceived interaction qualities were stable 
regardless of light mode. However, when comparing qualities irrespective of 
condition, the experience was generally rated as more welcoming (M = 3.74) 
and intimate (M = 3.44) than unfamiliar (M = 2.77). These results indicate that 
the installation was positively received as welcoming and intimate, while 
participants found it less unfamiliar. This means that in this user test, 2 out of 3 
interaction qualities were satisfied.

Chapter Summary
This chapter described the user test that evaluated the final design. 
It indicated statistically significant higher levels of immersion during 
audio-reactive light modes. Ventriloquism also seemed to be present, 
although the effect was not statistically significant.
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3.3 user test interviews

In addition to the user test, follow-up interviews were conducted with user test 
participants in the week following the exhibition, to collect further qualitative 
data to supplement the results from the user test.

3.3.1 Method
Participants
4 participants were interviewed.

Procedure 
The following interview questions were used as a guideline for the interview 
process. Interviews were conducted and transcribed using Microsoft Teams. 

Questions
1. What were your general impressions of the installation?
2. Did you experience the sound differently because of the lights?
3. Do you think the light installation affected your sense of immersion?
4. Did you notice a difference in experience between different light modes?

3.3.2 Results: Participant 1
Participant 1 responded positively to the installation’s form, describing it as 
unconventional and surprising. They noted that the softness of the lighting, 
and the organic shape contributed to a warmer, more intimate atmosphere. The 
spatial configuration, with lights positioned on the walls and ceiling, enhanced 
their immersion, further aided by the presence of smoke. They preferred the 
audio-reactive modes over the noise mode, favouring Condition A, where the 
synchronisation of sound and light was most consistent. While they did not 
perceive the sounds as originating from the same location as the lights, they did 
experience strong audio-visual binding during Condition A.

3.3.3 Results: Participant 2
Participant 2 appreciated the small, intimate space, noting that the installation 
integrated well within it. They particularly enjoyed the nature-inspired form, 
describing the tree-like structures as reminiscent of fractals. They valued the 
variety of light modes, which introduced unpredictability and intrigue. During 
the audio-reactive modes, the lights captured their attention rather than the 
sound due to rapid movements. Nevertheless, they experienced the lights and 
sounds as a unified whole. Audio-reactive modes enhanced immersion, with 
Condition A reported to feel more natural, whereas Condition B was perceived 
to lack a clear pattern.

3.3.4 Results: Participant 3
Participant 3 appreciated the installation’s unique form, particularly how the 
lights “wrapped around them”. They also enjoyed the thinness of the EL wire, 
which appeared to glow in the smoke. Regarding audio-reactivity, they found 
Condition A to produce the strongest audiovisual binding, especially when 
the long “arm” of light spanning multiple walls aligned with the kick drum. 
Condition A corresponded more closely with musical cues than Condition B, 
making it more satisfying, while Condition B felt more ambiguous, leading to 
weaker binding. They noted that this dissonance in Condition B could serve 
as a contrast to the more consonant Condition A. They reported feeling most 
immersed during audio-reactive modes, stating that “everything clicked”. 
Finally, they remarked that they had never encountered an audio-reactive light 
installation where visual and auditory cues aligned so clearly.

3.3.5 Results: Participant 4
Participant 4 highlighted how the spatial configuration of the installation 
enhanced immersion, with the distribution of lights making it clear which 
sound triggered each light. They preferred Condition A, stating that Condition 
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C felt disconnected from the music. Condition B seemed random at times, 
making it difficult to follow the pattern. During Condition A, the participant had 
a primarily sensory experience, which they found enjoyable and allowed them 
to disengage from their thoughts. They also observed that, at times, the sounds 
seemed to move slightly toward the light source. Finally, they mentioned that 
the audio-reactive modes made them eager to dance.
	
3.3.6 Discussion
Overall, the installation was well-received, with participants describing it as 
engaging and intriguing. The results highlight the importance of both audio-
visual synchronisation and spatial configuration in creating immersion. 
Participants responded positively to the installation’s unique form, appreciating 
the organic shape, which is uncommon in this context. The addition of smoke 
further enhanced the immersive experience.

In contrast to the user test results, interview participants expressed a 
preference for Condition A, indicating that consistent mapping between visual 
and auditory cues does influence the experience. Condition B was perceived as 
random or confusing. While no strong evidence of the ventriloquism effect was 
found in these interviews, one participant did note that the sounds seemed 
to move slightly towards the light sources. This effect may be improved with 
further refinement of the audio-reactivity.

Chapter Summary
This chapter described follow-up interviews with user-test 
participants. Findings confirm that the installation was engaging 
and immersive. They also indicate a strong preference for consistent 
mapping over randomised mapping of visual cues.
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3.4 club night questionnaire

To understand how well the installation design achieves its goals in a realistic 
scenario, a questionnaire was completed by several attendees of the club night 
where the work was exhibited. The primary goal of this questionnaire was to 
assess the levels of audience immersion and the presence of the interaction 
qualities.

3.4.1 Method
15 event attendees completed the questionnaire. Participants were recruited 
both during the event and the days following the event. The questionnaire 
consisted of 9 questions and is depicted in Table 5.

3.4.2 Results
The questionnaire yielded both quantitative and qualitative results, which will 
be discussed separately in the following subsections. Raw data can be found in 
Appendix H.

Quantitative Results
Questions 2 and 4 assessed immersion in the exhibition space, both using a 0-10 
scale. Question 2 results indicated a high sense of immersion in the event space, 
with a mean score of 8.5 (SD = 1.30). Question 4 results showed that the light 
installation specifically contributed to that immersion, with a mean score of 8.6 
(SD = 1.24).

Questions 6, 7, and 8 examined interaction qualities using a 5-point Likert scale 
(1 = strongly disagree to 5 = strongly agree). Mean ratings for each interaction 
quality are presented in Figure 82. A one-way ANOVA confirmed significant 
differences between interaction qualities (p < 0.05). Post-hoc t-tests revealed 
significant differences between the intimate-unfamiliar and welcoming-
unfamiliar pairs (p < 0.0167, Bonferroni-corrected), but no significant difference 

questionnaire

how often do you attend a nightclub?

how would you rate the sense of immersion you experienced in bar40 
(room upstairs) during the Los Angles weekender compared to other club 
nights you have experienced?
[10 point scale]

please explain why.

to what extent did the light installation in bar40 enhance the sense 
of immersion you experienced?
[10 point scale]

please explain why.

rate the following statement: I found the audiovisual experience in 
bar40 intimate.
[Likert scale]

rate the following statement: I found the audiovisual experience in 
bar40 welcoming.
[Likert scale]

rate the following statement: I found the audiovisual experience in 
bar40 unfamiliar.
[Likert scale]

did you notice something special or unique about the interplay between 
lights and music?

Table  5 
Club Night Questionnaire
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between intimate and welcoming, which had identical mean scores. These 
results suggest that participants experienced the installation as more intimate 
and welcoming than unfamiliar.

intimate unfamiliar welcoming

0

1

2

3

4

5

4.1 4.1

3

Figure  82 
Mean Interaction Quality Ratings 

Qualitative Results
Questions 3 and 5 allowed respondents to elaborate on factors influencing their 
sense of immersion during the event. Three key contributing themes emerged 
from the responses:

1. The spatial configuration of the installation
2. The dynamic light modes
3. The dancing crowd

Mentions of these themes were quantified and are presented in Figure 83.
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Figure  83 
Factors Contributing To Immersion

The spatial configuration had the strongest impact on immersion, with multiple 
participants highlighting the unique form of the installation, particularly its 
arms extending across the walls and ceiling. One participant described the 
experience as: “The light installation made me feel as if I had stepped into 
a cocoon—a protected, intimate space.” Another participant noted how the 
installation integrated with the environment:

The light installation had ‘tentacles’ all around the room, meaning the light 
was all around me (especially standing in the front). Compared to other 
light installations I’ve seen, this one felt more like part of the environment, 
rather than just being in the room.

The light modes were also frequently mentioned. One participant emphasised 
their engaging quality: “The light immediately drew my attention. The way in 
which it interacts with the sound makes it very captivating”. Another described 
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the transportive effect of the installation: “The lights moving to the beats and 
the harmonic spectrum made it feel like you were in a kind of strange other 
world”. Lastly, two respondents highlighted the role of the crowd in enhancing 
immersion. Due to the high attendance, simply being within the audience was 
described as an immersive experience in itself.

Questions 9 and 10 explored the interaction between music and lighting and 
allowed respondents to share any additional thoughts. Nine respondents 
commented on the audiovisual synchronisation, with two specifically stating 
that the lights enhanced the experience. One participant noted: “The lights 
played along with the music; even when I wasn’t paying attention, they 
amplified the music’s rhythm”. However, despite the positive reception of 
audiovisual synchronisation, no respondents explicitly mentioned perceiving 
the audio as coming from the lights. One participant did describe experiencing 
audiovisual binding: “When the musical cues aligned with different arms of the 
light installation, it felt as if light and sound had the same source, which was 
nice”.

3.4.4 Discussion
The quantitative results demonstrated a high level of immersion experienced 
during the event, largely attributed to the light installation. This already 
satisfies part of the design goal. Interaction quality ratings further revealed 
a strong presence of intimate and welcoming, alongside a mild presence 
of unfamiliar. These findings are supported by qualitative responses, 
where intimacy was frequently cited in descriptions of the installation. The 
configuration of the lights, extending across multiple walls and the ceiling, 
emerged as a key contributor to immersion. Audio-reactivity was also positively 
referenced, with one participant specifically describing a sense of audiovisual 
binding. Despite this, no participant mentioned localisation of sound. In 
conclusion, while the questionnaire confirmed that the light installation 
enhanced immersion, it did not provide evidence supporting the presence of 
the ventriloquism illusion.

A note on the method: Recruitment for the questionnaire proved challenging. 
QR codes were placed throughout the venue to passively attract respondents, 
but this approach yielded no responses. Active recruitment was more effective, 

but only a few attendees completed the questionnaire during the event. 
Consequently, the majority of responses were collected the following days.

Chapter Summary
This chapter described the questionnaire conducted with attendees 
of the event. It confirmed again that the installation was immersive 
and that the interaction qualities were present.
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3.5 general discussion

The three-part approach revealed several key insights about the reception and 
perception of the installation. In this chapter, those findings will be used to 
answer the research questions and to evaluate whether the design satisfied 
the design goal, interaction vision and design requirements. Additional findings 
from the design phase will be summarised here as well, to conclude the 
research-through-design process.

3.5.1 Research Questions
Research Question 1
The first research question, as formulated in Chapter 1.6, is:

Does the ventriloquism effect applied in the nightclub lead to higher levels of 
audience immersion?

To answer this question, it first needs to be established if the ventriloquism 
effect was present when participants were exposed to the installation. Then, 
it needs to be proven that the presence of this illusion leads to higher levels 
of immersion. The results from the user test did not provide statistically 
significant evidence that the ventriloquism effect was present. However, when 
testing for perceived localisation of auditory cues, there was a large effect size 
when comparing either audio-reactive condition (A and B) with the non-reactive 
condition (C). This means that while lacking statistical significance, an indication 
is there that the audio-reactivity of the lights affected the spatial perception 
of the music. The qualitative results from both the user test and the interviews 
provide a more nuanced view. While a minority claims to have experienced 
the sound moving towards the lights during audio-reactive conditions, most 
participants did not share this experience. However, several participants 
noted a sense of binding between visual and auditory cues. One participant 

observed that binding appeared to strengthen over time, suggesting that future 
experiments could benefit from longer exposure durations. This may be related 
to the ventriloquism aftereffect, which was described in Chapter 1.1.

While there is no conclusive evidence that the ventriloquism illusion was 
experienced during the user test, it can be stated with greater confidence that 
the installation induced high levels of audience immersion. Mean immersion 
scores resulting from the user test were high across all conditions, with 
Condition A receiving the highest mean score, followed by Condition B and 
Condition C. Statistical analysis indicated that the difference between Condition 
A and C was significant, suggesting that audio-reactivity leads to more 
immersion. The immersion scores resulting from the club night questionnaire 
were high as well, supporting the notion that high immersion was not limited 
to the controlled user test, but was also present in realistic conditions. One 
additional factor that could explain the high immersion scores, is the spatial 
configuration of the installation. Participants in both the interviews and the 
club night questionnaire reported that the fact that the lights extended across 
multiple walls and the ceiling significantly enhanced their sense of immersion. 
They felt as though they were surrounded by lights from all sides, fostering 
a sense of oneness with the audiovisual experience. Some participants that 
completed the club night questionnaire also noted how the presence of a crowd 
added to their sense of immersion.

In summary, the presence of the ventriloquism effect cannot be confirmed due 
to the lack of statistical significance. However, quantitative results indicate 
that perceived localisation of auditory cues was higher in audio-reactive 
modes, albeit not to a statistically significant degree. What can be stated with 
confidence is that the installation was immersive, as both quantitative and 
qualitative findings from both controlled and realistic settings consistently 
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demonstrated audience immersion. Further research is needed to establish a 
potential causal relationship between the ventriloquism effect and this sense of 
immersion.

Research Question 2
The second research question, as formulated in Chapter 1.6, is:

Does consistency between visual and auditory cues affect binding?

Quantitative results showed no statistically significant difference in 
localisation or immersion between the two conditions, offering no clear 
evidence that consistency influences these factors. However, qualitative 
results tell a different story. All participants interviewed preferred Condition 
A over Condition B, describing Condition B as confusing, disconnected from 
the music, and less satisfying. Overall, the qualitative findings suggest that 
audiovisual binding was perceived to be weaker in Condition B. Combining 
these results, it can be concluded that a small difference in binding might be 
present between the two conditions, but that the difference is minor, at least 
in the case of this installation. It should be noted that technical limitations 
prevented perfect audiovisual synchronisation with individual instruments, 
introducing ambiguity in both conditions. This ambiguity may have masked the 
consistency in Condition B, where there was already an element of randomness 
in the mapping. This may have caused Condition A to appear more audio-
synchronised. Thus, it cannot be said with certainty that the less favourable 
perception of Condition B was entirely due to inconsistent mapping. It can be 
said, however, that more consistent synchronisation in general leads to more 
binding and higher audience satisfaction.

To summarise, definitive evidence that consistent mapping affects binding was 
not found. However, qualitative data suggests that it may contribute to stronger 
binding. Limitations in the prototype’s audio-reactivity may have influenced the 
results, highlighting the need for further research to better understand the role 
of consistency in audiovisual binding.

3.5.2 Design Goal 
The design goal, formulated in Chapter 2.1, is: 

To increase the sense of immersion for clubbers in nightclubs by leveraging the 
ventriloquism illusion.

This design goal relates closely to the first research question and can 
be evaluated in a similar manner. While it remains unclear whether the 
ventriloquism effect was achieved, the installation demonstrably enhanced 
immersion, partially fulfilling the design goal. Future iterations with greater 
precision in audio-reactivity could strengthen audiovisual binding. This may 
improve the weak spatial perception of audio reported by some participants 
during audio-reactive conditions and provide more conclusive evidence for the 
ventriloquism effect.

3.5.3 Interaction Vision
The interaction vision, and specifically the interaction qualities found within 
it, were thoroughly analysed during the evaluation activities. During the user 
test, each condition was rated based on the three interaction qualities. And in 
the club night questionnaire, the experience as a whole was rated based on the 
qualities as well. Interaction quality ratings did not differ significantly across 
conditions during the user test, and remained relatively consistent between 
the user test and the club night questionnaire. Both intimate and welcoming 
were overwhelmingly present in the installation, with positive ratings in both 
evaluation activities. The unfamiliar quality was rated less positively, gaining a 
neutral score in both evaluation activities. However, a sense of unfamiliarity was 
found in the results from the interview, with multiple participants describing 
the installation as unique and unconventional.

Additional aspects found within the interaction vision were also present in 
the final design. The installation was inherently multisensory, with multiple 
participants commenting positively on the interplay between light and sound 
in the club night questionnaire. The dynamic movement found within a 
butterfly house, was mirrored in the movement of this installation as well. In all 
evaluation activities, participants commented on the light animations, with one 
participant even noting that it made them want to dance.
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Ultimately, it seems that this interaction vision and the qualities within it are 
well-represented within the final design.

3.5.4 Design Requirements
The majority of the design requirements stipulated in Chapter 2.1 were satisfied 
by the final design. An overview of the achieved requirements is given in Table  
6.

Audio synchronisation (1), which was a primary requirement of the design, 
worked well. While the system was not always able to perfectly isolate 
individual musical elements, the visuals were generally synchronised to the 
music. Loudness–brightness correspondence (4) was achieved, with brightness 
levels modulated by the audio intensity across different frequency bands. 
However, the relatively low maximum brightness of the EL wire limited the 
resolution of brightness variation, somewhat diminishing the impact of 
this effect. Automated alternation between light modes was implemented, 
obviating the need for a VJ (6). The form was received positively by clubbers, 
with some noting how it fit the intimacy of the small space well. The final form 
could perhaps not be described as overly simple (8), but it was not so complex 
that it became distracting. The only design requirement that was definitely 
not achieved was requirement 11. In the end, 10 hours was spent installing the 
design, with most of the time being spent mounting the EL wire to the various 
surfaces. This needed to be done carefully, to guarantee that no wire would 
detach during the event. 

3.5.4 Findings from the design process
In addition to the insights gained from experimental and qualitative research 
into the degree to which the installation facilitated ventriloquism and 
immersion, reflection on the design process provides additional insights into 
how can be best designed for the ventriloquism effect, the nightclub context 
and multisensory installations in general.

Audio-Reactivity
Due to technological as well as time constraints, the algorithm converting 
audio into signals for the different light groups could not be overly complex. 
Consequently, there were imperfections in how this audio-reactive system 

design requirement

[1] the design must be synchronised to the audio (max. 
delay: 30 ms)

[2] the design must create visual cues that are 
distributed throughout the space

[3] the design must be able to create consistent and 
randomised visual cues.

[4] the design must incorporate one or more cross-modal 
correspondences.

[5] the design must alternate between synchronised and 
unsynchronised modes.

[6] the design must be able to function automatically 
without the need of a VJ.

[7] the form of the design must fit the exhibition 
space.

[8] The form of the design must be simple.

[9] The production cost must remain affordable.

[10] The design must be easily transportable in a single 
car.

[11] The design must be designed in such a way that it 
can be installed in 5 hours.

[12] The design must be able to withstand vibrations 
produced by sound systems.

[13] The design must be able to withstand or avoid 
guests touching it.

evaluation

achieved

achieved

achieved

moderate

achieved

achieved

achieved

moderate

achieved

achieved

failed

achieved

achieved

Table  6 
Evaluation of Design Requirements
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worked. Ideally, the algorithm would be able to isolate individual instruments, 
to facilitate strong binding between instrument and light group. However, in 
reality the efficacy of this functionality seemed to be highly dependent on the 
music selection. Music of different genres, loudness, intensity and mix quality 
were played throughout the event, causing there to be variations in how the 
system responded. For optimised audio-reactive behaviour for use with music 
provided by DJs, a more advanced algorithm is required that better adjusts to 
variations in the music.

Tangled Wire
During the prototype development, a significant challenge arose due to the 
difficulty in straightening the EL wire. Despite several attempts to straighten 
it, small irregularities always remained. These imperfections were incorporated 
into the final design, where they contributed to an organic shape. Nevertheless, 
to achieve the desired form, the wire had to be attached to the wall at many 
points to prevent tangling or the formation of undesired shapes between 
attachment points.

Brightness Limitations
The maximum brightness of EL wire is relatively low, resulting in a limited 
expressive resolution in this dimension. Consequently, the cross-modal 
correspondence between loudness and brightness was subtle. To achieve a 
more pronounced loudness-brightness correspondence, an alternative light 
source with greater intensity may be more appropriate. 

Experiential Prototyping
One of the key observations during the design process was the benefit of 
prototyping from an early stage. From the start of the design process, materials 
were experimented with to gain a multisensory understanding of their form 
and functionality. Then, as soon as an idea was chosen for development, the 
materials required were heavily experimented with again to further refine the 
concept. Only when the various EL wire shapes were physically prototyped, 
could the form truly be assessed. Only when the initial software iterations 
were combined with the lights, could the experience as a whole be judged, 
and could the software be adjusted. Particularly when designing multisensory 

installations, it seems extremely beneficial to move from paper sketches to 
physical artefacts as soon as possible.

Suboptimal Stimuli
When designing this installation, attention needed to be given to creating a 
form that aligned well with the aesthetics of the nightclub. Overly figurative or 
colorful aesthetics would clash with the industrial and rugged appearance of 
the exhibition space. This limited the expressive resolution of the installation 
to a degree, which might have affected the strength of the ventriloquism effect. 
It stands to reason that use of correspondences relating to color or icons (e.g., 
a light in the shape of a bass guitar to signify the low frequencies) may have 
increased binding. Thus, the insight gained is that when designing with cross-
modal illusions, real-life contexts may limit the use of ideal stimuli, possibly 
affecting the illusion’s strength.

3.5.5 Conclusion
Primarily, the goal of this project was to gather insights into whether the 
ventriloquism effect could yield interesting design opportunities in the context 
of the nightclub. The hypothesis was that by leveraging the ventriloquism 
effect, an illusory spatial audio experience could be created that enhances 
immersion. While no statistically significant evidence was found that the 
ventriloquism effect was present, the results from the evaluation serve as 
a strong indication that the application of cross-modal illusions within this 
context is a worthwhile avenue for further exploration. 

The goal of achieving immersion was satisfied, with results from all evaluation 
methods indicating that the audience felt incredibly immersed, mostly 
during audio-reactive modes. However, it remains unclear if ventriloquism or 
illusory spatial audio contributed to this. The interaction vision and design 
requirements were also mostly achieved. In summary, the evaluation indicates 
that the final design successfully met the majority of the objectives established 
at the outset of the design phase.
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3.6 recommendations & guidelines

Since this project entailed an exploration into a novel combination of domains, 
there are naturally opportunities for improvement. Thus, findings from the 
evaluation were synthesised into a set of recommendations, which will be 
discussed below. Each recommendation is paired with a guideline for designing 
multisensory nightclub experiences.

3.6.1 Audio-Reactivity
As discussed at length throughout this thesis, audio-reactivity was both 
incredibly important to the design and difficult to perfect. In an ideal scenario, 
visual cues would be linked to notes from individual instruments. This would 
allow the audience to attribute different lights to different instruments, which 
may help audiovisual binding. The fact that a live audio signal from the DJ had 
to be used during this project, meant there was no separation of individual 
instrument tracks, and no possibility to pre-analyse the music. However, the 
latter may be a possible avenue for future improvement. A software solution 
could be developed that interfaces with the mixer or CDJs and is able to 
identify the track once it is loaded. Then, it could use more advanced artificial 
intelligence aided instrument separation to be able to create more accurate 
light triggers.

Guideline: When designing a synchronised audiovisual experience, link visual 
cues to individual instruments to maximise binding.

3.6.2 Cross-Modal Correspondences
The design utilised loudness-brightness correspondence to some success, but 
the effect was quite subtle. Future iterations on this design could benefit from 
including more pronounced correspondences. While EL wire does not afford 
it, LED based lighting could easily accommodate more dynamic loudness-
brightness correspondence, pitch-brightness correspondence or even pitch-

colour correspondence. Additionally, the form could be adjusted in such a way 
that it facilitates correspondences as well (e.g., pitch-size correspondence). 
Implementing one or more correspondence may have a positive effect on 
binding.

Guideline: To strengthen binding, use cross-modal correspondences in your 
design.

3.6.3 Diversity in Light Modes
While there were no complaints that the installation became boring after long 
exposure, the design could benefit from a greater variety in light animation 
modes, so it would remain interesting club night after club night. For example, 
a possible additional audio-reactive mode could entail only one frequency band 
reacting at a time. This would isolate one instrument in the mix, allowing the 
audience to connect more deeply with it. 

Guideline: To keep the audience engaged in audiovisual experiences, facilitate a 
wide variety of both synchronised and unsynchronised modes.

3.6.4 Improving Immersion
While the measured immersion scores were positive, there are definite avenues 
to explore to increase it further. For instance, the lights could take up an even 
larger space of the room. The design would likely have had more impact if more 
of the room’s surface was covered in EL wire. Especially if the wire also covers 
the back wall, a truly 360 experience could be created that gives the audience 
the impression that they are “in” the music.

Guideline: To improve immersion in audiovisual experiences, ensure that visual 
cues surround the audience from all sides.
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3.7 reflection

Above all, this project provided valuable insights into conducting research 
in hard-to-access contexts. As mentioned before, while the nightclub is an 
important cultural hub in modern society, little research has been done in this 
context. To me, this project proved how design can function as a valuable tool 
for doing research in contexts like these. By making a bespoke installation for a 
particular event, I could satisfy and even excite stakeholders within this context, 
while also being able to generate valuable research findings. At the same 
time, doing research in a chaotic context like the nightclub, also introduced 
challenges. Obviously, my research was not the priority of the event, so I had 
to take initiative and be flexible to be able to conduct my evaluation activities. 
Luckily, the stakeholders involved were very accommodating, and gave me a 
lot of freedom. However, there were several practical limitations that would 
simply not have occurred in a lab setting. Most of all, I had to deal with the 
time constraints created by the venue. Due to other events in the same week, 
only two days were available for installation, documentation and evaluation. In 
the end, this meant I had only a few hours to conduct the controlled user test. 
Additionally, due these time constraints, there was no real way to perform a 
pilot test or refine the experiment design in any meaningful way. Nonetheless, 
I believe the benefits of performing a test such as this in context greatly 
outweigh the downsides. The complex multisensory nature of a nightclub 
experience is extremely difficult to emulate in a lab, as it is made up of many 
variables (music, lights, smoke, people, drinks, drugs, exposure time, etc.). The 
controlled user test allowed me to get very close to the actual conditions, and 
the questionnaire allowed me to gain an insight into the complete experience.

The installation developed for this event challenged me to work with new 
materials and methods. In addition to best suiting the design requirements, the 
EL wire based web idea excited me as it allowed me to work with a new material. 
As discussed before, this was not without its challenges. The requirements of 

inverters and MOSFETs forced me to devise a more complex electronics system 
than would have been required with LED strips. As I had no prior experience 
with these electronic components, this served as a valuable learning experience. 
The same can be said for the software. While I have programming experience, 
this was my first venture into developing a Max/MSP application. Using this 
software for audio analysis has equipped me with a valuable skill applicable to 
future installation work. It remains true, however, that improvements can be 
made to the way in which this audio-reactivity functions. I intend to make those 
improvements in the future.

To conclude, this project has allowed me to explore a multitude of fascinating 
topics. I now know more about perception as it pertains to the nightclub and 
about the complexities of designing an audio-reactive installation. Apart 
from contributing to the research domains discussed, to me, this project also 
reaffirms the value of research-through-design and provides insights into 
navigating complex contexts.
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appendix b: data ventriloquism experiment

Raw Data All Participants

Total All Participants
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Chi-Square Test
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appendix c: idea sketches & descriptions

1. Lanterns
Custom 3D-printed lanterns with 
LED filaments, attached to ceiling. 
Different lanterns light up based on 
different audio triggers. Brightness of 
lamps can be mapped to parameters 
like pitch or loudness.

2. Strings
Different length EL wire strings 
attached to the ceiling, coming 
distributed throughout the entire 
room. Different wires light up based 
on different audio triggers. Brightness 
of wire can be mapped to parameters 
like pitch or loudness.

3. Windows
Screens mounted to different surfaces 
(walls and ceiling). These screens act 
as windows into a 3D world outside 
of the room. The 3D world (likely 
controlled by TD, Unreal or Unity) 
contains audio-reactive objects.

4. Curtains
Textile suspended from the ceiling 
and covering the walls. Projector can 
display visual cues on different parts 
of these curtains based on music. 
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5. Matrix
Matrix of LEDS covering the walls 
and ceiling. Either made with LED 
matrix units or strips. This matrix can 
then display the audio directly (like 
an oscilloscope or spectrogram). The 
spectrogram can wrap around the 
room, associating different parts with 
different frequency bands.

6. Web
Web of EL wire covering parts of the 
ceiling and walls. Made in such a way 
that it acts as a beautiful enveloping 
light sculpture. Different strings are 
associated with different musical 
triggers. Brightness can be mapped 
to musical parameters like pitch or 
loudness. Individual strings inside a 
complex web act as a visual metaphor 
for individual musical elements 
within a complex mix.

7. Beams
Ceiling mounted spots that create 
downward facing beams of light. 
These beams become visible through 
the use of smoke machines. Different 
beams light up based on different 
musical triggers.

8. Cubes
Cubes (or other sculptural shapes) 
suspended from the ceiling. Projector 
can display visual cues on them 
(projection mapping). These cues will 
be triggered by the music. 
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9. UV Laser
All surfaces are covered in UV reactive 
paint. There are lasers that are 
controlled by the audio that draw 
on these surfaces. This turns the 
walls into a giant display and unique 
display.

10. Bars
Surfaces are covered in LED bars. 
These bars react to the audio 
(brightness). Different bars light up 
based on different audio triggers. 
They should be placed in such a way to 
create an interesting effect.

11. Wristbands
All guests are given audio-reactive 
remote controlled wristbands. They 
will light up based on different audio 
cues. Because the lightsource is 
wearable, the visual cues will come all 
over the place.

12. Canopy
A tree-like canopy made from EL-
panels. Different parts of this canopy 
light up based on different audio 
triggers. The armatures holding the 
panels (or leaves) can be 3D printed 
out of transparent material, so they 
light up as well.
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13. Smoke
Ceiling mounted smoke machines 
that create visual cues by creating 
smoke in different locations based 
on auditory cues. The effect can be 
enhanced by using lasers or spots to 
accentuate the smoke.

14. Bubbles
Ceiling mounted bubbles machines 
that create visual cues by creating 
bubbles in different locations based 
on auditory cues. These bubbles 
should be combined with light 
reflecting off of them, creating a 
beautiful effect.

15. Pillars
Cylindrical pillars that can light up are 
placed on the ground throughout the 
space. Different pillars light up based 
on different audio triggers.



112appendix d: form iteration 1

appendix d: form iteration 1

Web (Option 1)



113appendix d: form iteration 1

Web (Option 2)
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Band-Pass Filter
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Noise GateAutomatic Mode Switching
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Main Patch
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Quantitative: Questionnaire 1 (Perceived Localisation)
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Quantitative: Questionnaire 1 (Immersion)
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Quantitative: Questionnaire 1 (Interaction Qualities)
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Qualitative: Questionnaire 2
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appendix h: club night questionnaire

Quantitative: Immersion Scores
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Quantitative: Interaction Qualities

Qualitative
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