Exploring
Audio-Derived
Immersive
Environments in
Virtual Reality for
Electronic Music
Producers

Chair for Computer Rm
Science 10 (Media

Computing and Human-

Computer Interaction)

Bachelor’s Thesis at the

Media Computing Group

Prof. Dr. Jan Borchers
Computer Science Department
RWTH Aachen University

by

Aaron Sergeev

Thesis advisor:
Prof. Dr. Jan Borchers

Second examiner:
Prof. Dr. Ulrik Schroeder

Registration date: 13.06.2025
Submission date: 13.10.2025







Zentrales Priufu ngsamt/Central Examination Office Rm

Eidesstattliche Versicherung
Declaration of Academic Integrity

Sergeev, Aaron Jonas 434442

Name, Vorname/Last Name, First Name Matrikelnummer (freiwillige Angabe)
Student ID Number (optional)

Ich versichere hiermit an Eides Statt, dass ich die vorliegende Arbeit/Bachelorarbeit/

Masterarbeit* mit dem Titel
| hereby declare under penalty of perjury that | have completed the present®mer/bachelor's thesis/maSters—Hms3" entitled

Exploring audio-derived immersive environments in extended reality for electronic

music creators

selbststandig und ohne unzulassige fremde Hilfe (insbes. akademisches Ghostwriting) erbracht habe.
Ich habe keine anderen als die angegebenen Quellen und Hilfsmittel benutzt; dies umfasst
insbesondere auch Software und Dienste zur Sprach-, Text- und Medienproduktion. Ich erklare, dass
fur den Fall, dass die Arbeit in unterschiedlichen Formen eingereicht wird (z.B. elektronisch, gedruckt,
geplottet, auf einem Datentrager) alle eingereichten Versionen vollstandig Ubereinstimmen. Die Arbeit

hat in gleicher oder ahnlicher Form noch keiner Prifungsbehdrde vorgelegen.

independently and without unauthorized assistance from third parties (in particular academic ghostwriting. | have not used any
other sources or aids than those indicated; this includes in particular software and services for language, text, and media
production. In the event that the work is submitted in different formats (e.g. electronically, printed, plotted, on a data carrier), |
declare that all the submitted versions are fully identical. | have not previously submitted this work, either in the same or a
similar form to an examination body. Q

A
Aachen, 09.09.2025 | SEBHdy—

Ort, Datum/City, Date Unter'SChrift/Signature

*Nichtzutreffendes bitte streichen/Please delete as appropriate

Belehrung:
Official Notification:

§ 156 StGB: Falsche Versicherung an Eides Statt

Wer vor einer zur Abnahme einer Versicherung an Eides Statt zustandigen Behorde eine solche Versicherung
falsch abgibt oder unter Berufung auf eine solche Versicherung falsch aussagt, wird mit Freiheitsstrafe bis zu drei
Jahren oder mit Geldstrafe bestraft.

§ 156 StGB (German Criminal Code): False Unsworn Declarations

Whosoever before a public authority competent to administer unsworn declarations (including Declarations of Academic
Integrity) falsely submits such a declaration or falsely testifies while referring to such a declaration shall be liable to
imprisonment for a term not exceeding three years or to a fine.

§ 161 StGB: Fahrlassiger Falscheid; fahrldassige falsche Versicherung an Eides Statt

(1) Wenn eine der in den §§ 154 bis 156 bezeichneten Handlungen aus Fahrlassigkeit begangen worden ist, so
tritt Freiheitsstrafe bis zu einem Jahr oder Geldstrafe ein.

(2) Straflosigkeit tritt ein, wenn der Tater die falsche Angabe rechtzeitig berichtigt. Die Vorschriften des § 158
Abs. 2 und 3 gelten entsprechend.

§ 161 StGB (German Criminal Code): False Unsworn Declarations Due to Negligence

(1) If an individual commits one of the offenses listed in §§ 154 to 156 due to negligence, they are liable to imprisonment for a
term not exceeding one year or to a fine.

(2) The offender shall be exempt from liability if they correct their false testimony in time. The provisions of § 158 (2) and (3)
shall apply accordingly.

Die vorstehende Belehrung habe ich zur Kenntnis genommen:

| have read and understood the above official notification:
Aachen, 09.09.2025

Ort, Datum/City, Date Unterschrift/Signature







Contents

Abstract
Uberblick
Acknowledgments
Conventions

1 Introduction

2 Related Work
2.1 Real-Time Music-Reactive Visualization Systems . . . . .. ... ...
2.2 VR and Immersive Environments - Potential Spaces of Creativity
2.3 News in Creative Support Systems . . . . ... ... ... ... ....

24 ResearchGaps&Summary . . . . ... .. ... ...

3 Background
3.1 TheRoleof Music Producers . .. ... ... .. . .. . ... .....

3.2 The creative music production process . . . . . . . . ... ...

Xi

Xiil

XV

10

12

13



Contents

3.3 Tools in Music Production

Immersive EnGen
4.1 Preliminary Interviews
4.2 System Architecture Overview
4.3 Audio Analysis Engine

4.4 Envrionment Generator
4.5 VR Environment
4.6 Operational Modes

4.7 Study Management and Data Collection Features

Method

5.1 Study Design Overview
5.2 Participants
5.3 Experimental Conditions
5.4 Procedure
5.5 Measurement Instruments

5.6 Data Analysis

Results

6.1 Quantitative Results
6.1.1 Ratings Across Conditions
6.1.2 Order Effects

6.1.3 Preference Rankings



Contents v
6.1.4 Summary of Quantitative Results . . . . ... ... ...... 52
6.2 Qualitative Results . . . . . . . . .. .. ... 53
6.2.1 Occlusion - Limiting Distractions and Enhancing Focus . . . . 53
6.2.2 Environments Fading from Awareness . . . . ... ... ... 55
6.2.3 ControlisKey-ButHow? . . . . ... ... ........... 57
6.2.4 Imperceptible Music-Reactivity . . . . .. ... ... ... ... 61
6.2.5 Atmospheric Support Over Idea Generation . . . . ... ... 62
6.2.6 Practical Affordances and Future Possibilites . . . . . .. .. 66
6.3 Summary of Qualitative Results . . . . . . ... .. .. .. ....... 68
7 Discussion 71
7.1 Creativity SupportandUsesCases . . . . . ... ... ... ...... 71
7.1.1 RealWorld Affordances . . . . .. ... ... .. ........ 71
7.1.2 Atmosphere and Inspiration . . . ... ... ... ....... 73
7.1.3 Al-Automated Systems . . . . ... ... 73
7.2 SystemDesignFactors . . ... .. ... .. .. e 75
7.2.1 Controliscomplicated . . . .. ... ... ............ 75
7.2.2 Suggestions for System-Control Paradigms . . . . . . .. ... 76
7.3 7.3Limitations . . . . .. 77
7.4 Synthesis . . . . . . . . e e 80
8 Summary and Future Work 83
8.1 Summary & Contributions . . . . . ... ... ... . L 83



Contents

8.2 Future Work . . . . . . . . .. 85
8.2.1 System Re nement and Technical Improvements . . . . . .. 85
8.2.2 Exploring Unexamined Design Variations . . . . . . . ... .. 87
8.2.3 EXpansion . . .. .. ... ... 89

8.3 ClosingRemarks . . . ... .. .. .. . .. .. .. .. e 89

Informed Consent Form 91

No VR Questionnaire 95

VR Questionnaire 99

Post VR Questionnaire 105

Interview Questions 109

Bibliography 115

Index 119



Vii

List of Figures and Tables

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

6.1

6.2

6.3

6.4

ImmersiveEnGen Overview . . . . . . . . . . ... .. ..., 20
VR EnvironmentModel . . . ... ... ... 20
Example Pipeline Generation - Blinding Lights . . . . . .. ... ... 21
Example Musical AnalysisReport . . . . .. ... ... ........ 23
Prompt Engineering . . . . . . . . . . . . . e 25
Environment Variation Overview . . . . . . .. ... ... ... .... 26
VR Environment . . . .. ... 28
Modify User Interface . . . . . . .. . ... ... ... . ... .. ... 30
Manual User Interface . . . . . . . .. . .. ... ... 31
ControlPanel . . . . . ... .. .. .. 32
Mean ratings forkey constructs . . . . . ... ... ... ... ..... 50
Controlvs. System RatingChart . . . . .. ... ... .. ....... 51
Condition preference rankings . . . . . . . . .. ... ... ... 52

Modify Condition ExamplesP4 . . . . . . .. ... ... ... ... .. 58






Abstract

The landscape of modern music production is characterized by an increasing num-
ber of home producers. This development has introduced challenges to focus
and inspiration through the absence of dedicated studio environments providing a
work space only related to musical creation.

VR technology provides new possibilities in this regard by giving producers the
opportunity to work in any virtual environment they desire according to their pref-
erence. In this thesis we investigate some of the possibilities of this technology by
exploring music-reactive immersive environments as a creativity support tool, to
see how they in uence the creative process of electronic music producers, if they
can provide any bene t to producers and lastly how different levels of user-control
over environments affect the creative experience.

To this end we developed ImmersiveEnGen, a novel system that generates immer-
sive VR environments based on real-time audio analysis of live music production
and conducted a mixed methods within-subjects user study with ve experienced
electronic music producers. We observed participants during their work ows and
collected data through questionnaires and interviews.

We found immersive environments to be able to limit distractions, generate atmo-
spheric support, but only rarely cause direct inspiration. The affordance of VR
technology to enable workspace mobility was characterized as a valuable future
use-case scenario. Control was shown to be an important mediating factor for im-
proving the experience, however de nitions for optimal control varied substan-

tially between participants and have to be explored more deeply in future research.

This work contributes the development of a novel prototype capable of generating
diverse music-reactive immersive environments, early insights into the effects and
potential bene ts of music-reactive immersive environments and grounded future
system design recommendations in the artistic domain of electronic music produc-
tion.
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Uberblick

Moderne Musikproduktion ist zunehmend von Produzenten Zuhause gepragt.
Diese Entwicklung bringt Herausforderungen fir Fokus und Inspiration mit sich,
da Studioumgebungen fehlen, die ausschlief3lich dem kreativen Prozess dienen.

VR-Technologie er6ffnet neue Moglichkeiten, indem sie Produzenten erlaubt, in
jeder beliebigen virtuellen Umgebung zu arbeiten — angepasst an ihre Vorlieben.
In dieser Arbeit wird das Potenzial von VR zu diesem Zweck untersucht, indem

immersive Umgebungen als System zur Unterstiitzung von Kreativitat erforscht

werden. Ziel ist es herauszu nden, wie sie den kreativen Prozess elektronischer
Musikproduzenten beein ussen, ob sie einen Nutzen bieten und wie sich unter-

schiedliche Grade an Nutzerkontrolle auf das kreative Erlebnis auswirken.

Dazu wurde ImmersiveEnGen, ein neuartiges System zur Erzeugung immersiver
VR-Umgebungen auf Basis von Echtzeitanalyse der laufenden Musikproduktion,
entwickelt. Eine Mixed-Methods-Studie mit funf erfahrenen Produzenten wurde
durchgefuhrt. Diese wurden in ihren Arbeitsprozesse beobachtet, es wurden Daten
Uber Fragebdgen und Interviews erhoben.

Die Ergebnisse zeigen, dass immersive Umgebungen Ablenkungen reduzieren und
atmospharische Unterstitzung bieten kdnnen, jedoch nur selten direkt Inspiration
auslosen. Die Moglichkeit, Arbeitsraume exibel zu gestalten, wurde als vielver-
sprechendes Zukunftsszenario beschrieben. Kontrolle erwies sich als wichtiger
Faktor zur Verbesserung der Erfahrung, wobei sich die Vorstellungen optimaler
Kontrolle deutlich zwischen den Teilnehmenden unterschieden, etwas was zukiin-
ftige Forschung untersuchen sollte.

Diese Arbeit leistet einen Beitrag durch die Entwicklung eines neuen Prototyps zur
Erzeugung vielfaltiger musikreaktiver VR-Umgebungen, durch erste Erkenntnisse
zu deren Wirkung und Nutzen sowie durch fundierte Designempfehlungen flr
zukinftige Systeme im kinstlerischen Kontext der elektronischen Musikproduk-
tion.
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Chapter 1

Introduction

In this thesis introduction chapter we will cover the mo-
tivation behind our research, by introducing environmen-
tal challenges music producers face today. Afterwards,
we hypothesize how VR technology and especially immer-
sive environments might be helpful to overcome these chal-
lenges. Furthermore, we will establish our research ques-
tions, highlight our prototype and methodology, give a
brief overlook on the results and then lastly nish the chap-
ter with a short overview of the structure of this thesis.

The modern world of music production is character-
ized by an increasing number of music producers that
create music within their personal living spaces [Thomp-
son, 2023][Chimbudzi et al., 2022]. Technological advances
such as the widespread adoption of Digital Audio Work-
stations (DAWS) [Lerch, 2018] and improved accessibility
to professional music equipment through price reductions
have shifted the landscape to a point where creating music
outside a professional studio environment may very well
be the norm rather than the exception. This shift represents
a fundamental transformation in how music is created and
the production process conceptualized.

While this development has likely enabled broader par-
ticipation in music creation [Lerch, 2018] and diversi ed
the range of available sounds and genres, it has also intro-
duced a number of challenges for music producers today

Introduction covers
motivation, research
guestions, prototype,
method and overview

Today many music
producers create music
at home, technological
advancements and
accessibility are the
reasons

Broader participation
today leads to diverse
creation, has also
introduced challenges



1 Introduction

Studios provide
dedicated work

environment

Young producers lack
nancial ressources to
access studios, home
environments are
distracting

Environment monotony
presents challenge,
lack of access to natural

environments another

VR technology capable
of transporting users
into any environment,
could be helpful in
music production
context by mirroring

music

[Meier, 2015]. One aspect that may often be overlooked in
this context is the challenging reality of doing creative mu-
sical work inside your own home.

Back when professional studio creation was the norm,
artists were provided with a dedicated work environment
in which the primary or singular focus was musical cre-
ation. Since providing this type of environment is the only
purpose of most studio spaces they may often also be built
to facilitate the creative process and aim to create an atmo-
sphere that is conducive to creativity.

On the other hand, home-based producers, particularly
younger or emerging artists who may often lack the -
nancial resources to access studios or create similarly op-
timized spaces, have to work in bedrooms, basements or
shared living areas that offer only little environmental sep-
aration to everyday tasks. This limits the ability of these en-
vironments to serve as distraction-free creative spaces. This
environmental constraint carries weight, as physical envi-
ronments are shown exert measurable in uence on creative
output [J. H. Lee, 2023].

The inherent familiarity and unchanging nature of home
and professional studio spaces could present another chal-
lenge in this regard. Producers often spend hours looking
at the same walls and surroundings, which may provide
only limited novelty to spark inspiration through new im-
pressions in the immediate context of a production session.
Furthermore research found that exposure to natural envi-
ronments can enhance creative thinking abilities and imag-
ination [C.-W. Yeh and Chang, 2022]] — a form of stimula-
tion that is hard to immediately access during music pro-
duction at home. Going beyond these everyday limitations
the possibility of creating an environment around the mu-
sical process could enhance the experience by providing an
additional visual dimension to it and thus making it more
cohesive overall.

Recent advances in virtual reality (VR) technology have
the potential to t exactly this task. Modern VR headsets of-
fer high-resolution immersive experiences capable of trans-



porting users to virtually any environment without requir-
ing physical space alterations.

Unlike traditional displays, VR provides spatial presence
and environmental immersion [Cummings and Bailen-
son, 2016] and offer capabilities that are impossible to re-
alize in physical spaces. They can dynamically respond
and be adjusted to creative content or adapt in real-time
to changing musical characteristics.

This environmental responsiveness could be helpful in the
context of musical production by creating an environment
that mirrors the current feeling of the music, thus possi-
bly enriching the creative experience. VR environments
could offer a large variety of different locations that are not
bound by normal con nes of reality in their appearance or
style. This aspect may be especially interesting in the con-
text of inspiration as this unlimited access to different envi-
ronments could help to provide a wide range of stimuli for
inspiration.

This technological potential raises some intriguing ques-
tions: can immersive environments meaningfully support
and enhance the creative process of music producers work-
ing from home? What would they need to look like and
how can a producer make sure that they t his creative vi-
sion?

Our investigation in this matter is guided by three core
research questions:

RQ1: What effects do immersive environments have on the
creative process of electronic music producers?

RQ2: In what ways does the level of user control over im-
mersive environments affect the creative experience?

RQ3: Can immersive environments be helpful to the work-
ow of electronic music producers and if so, how?

In order to explore these questions, we developed the Im-
mersive Environment Generator or short "ImmersiveEn-
Gen", a novel system that generates music-reactive immer-

VR offers possibilities of
dynamic music-reactive
environments, can offer
unlimited environment
variation

Research questions

ImmersiveEnGen: novel
system able to generate
music-reactive
immersive
environments, 5
different modes for

environments



1 Introduction

Prototype modes
enable systematic
invesitagtion of RQ2

(effect of user control)

User study with 5
experienced producers,
Conditions: 1 No-VR, 5

VR, done at
participants homes

Mixed-methods study
combining quantitative
measures and

qualitative interviews

immersive
environments have
potential to
meaningfully support
creative music
production,
user-agency played a
key role in all data

sive environments which can be displayed through a VR
headset during music production. The system leverages
machine learning algorithms and Al image generation to
create virtual environments that respond to any musical
content. ImmersiveEnGen features ve operational modes
offering different levels of user control: A Baseline mode
shows a virtual environment of a recording studio, ran-
dom mode generates dynamically changing random en-
vironments, music-reactive mode analyzes the live musi-
cal content during a music production session and gener-
ates tting environment, modify gives users the ability to
change the dynamic music-reactive environments accord-
ing to their preferences and Manual hands over full control
to the user.

This prototype design enables systematic investigation of
our second research questions (RQ2): "How does the level
of user control over immersive environments affect the cre-
ative experience" and separates VR production effects from
environmental ones.

This investigation took place in a subsequent user study
with ve experienced electronic music producers as our
participants. We asked them to create a musical piece
throughout six consecutive 15 minute production sessions,
rst without VR and then while using the different modes

of our system. We conducted the study inside their own
homes in their usual production environments as to make
our ndings re ect actual usage scenarios and maintain
practical relevance to real-world music production.

Our mixed-methods approach combined quantitative mea-
surements through validated questionnaires with rich qual-
itative data gathered through in-depth semi-structured in-
terviews conducted at the end of each study. We put our
focus on a deep qualitative investigation for exploring this
novel space and to generate actionable insights for future
system development and usage scenarios.

In our study we found that immersive environments have
the potential meaningfully support creative music produc-
tion and that user agency played a key role in the way the
environments were perceived. Analysis of questionnaire



data showed consistently high ow states across all condi-
tions and a high correlation between perceived control and
overall system rating.

This thesis makes the following contributions:

We design and implement ImmersiveEnGen, a novel sys-
tem that combines music information retrieval algorithms,
natural language processing, and Al image generation to
create dynamic music-reactive virtual environments. The
system employs the Apple Vision Pro headset to deliver
an immersive experience and features multiple operational
modes offering varying levels of user control. These
modes range from fully manual environment speci cation
by users to fully automatic generation based only on musi-
cal analysis.

We provide one of the rst empirical investigations of
how music-reactive immersive environments impact cre-
ative music production work ows. Our mixed-methods
approach yields insights into both the potential bene ts
and challenges of such systems.

We contribute evidence-based actionable design insights
for Al-assisted creative support system for music producers
in the dimensions of system behavior and user control.

This thesis is structured as follows: after this introduction
we begin by reviewing existing literature and providing an
overview over the current scienti ¢ landscape in real-time
music visualization systems, VR and immersive environ-
ments and their creative potential and also the current work
on creativity support system in Chapter 2. Afterwards in
Chapter 3 we offer some background information on elec-
tronic music production, introducing some key concepts
and terminology that may be relevant in the context of this
thesis.

We then move on to our prototype in Chapter 4 and discuss
the ImmersiveEnGen system in detail. We begin by giv-
ing some insight into our preliminary interviews we con-
ducted with electronic music producers that informed our
design decisions and then provide a comprehensive system

Contribution: novely
system design

ImmersiveEnGen

Contribution: early
ingestigation of effects
of music-reactive
immersive

environments

Contribution:
evidence-based design
insights for Al-assisted
CSs

Structure: related work,
ImmersiveEnGen,
method, results,
discussion, conclusion



1 Introduction

overview and detailed examination of the architecture it-
self.

The system we present in Chapter 4 was later used for our
user study - in Chapters 5 and 6 we describe our method-
ology and ndings. We detail the study design, participant
characteristics, experimental conditions and data collection
procedures before presenting both quantitative results from
guestionnaires and qualitative insights from our interview
analysis.

Chapter 7 offers interpretation and discussion of our nd-

ings from Chapter 6, in relation to our research questions.
Furthermore, it examines implications for the design of
creative immersive systems, connects our nding to cur-
rent literature and acknowledges the limitations of our ap-

proach. Finally, Chapter 8 summarizes our key contribu-
tions and outlines promising directions for future research

in immersive creative environments and music-responsive
systems.



Chapter 2

Related Work

In this chapter we will review and highlight related work
and supporting literature in the elds of real-time music
visualization systems, immersive VR environments with a
particular focus on creative contexts and lastly some of the
recent work and design insights in creative support system.

2.1 Real-Time Music-Reactive Visualiza-
tion Systems

A growing body of work examines different ways of how
music can be visualized. This visualization can occur a
from a purely technical standpoint [Lima et al., 2021], how-
ever more closely related to our thesis, involves systems
that are able to respond dynamically to musical signals in
real-time. This is done to provide visual feedback to users
in the contexts of improving listening experiences [Li, 2022]
or performance [Shao-Ying Lin, 2024].

Real-time Music visualization systems vary in sophistica-
tion of their musical analysis. Recent work has begun to
go beyond the simple analysis of instantaneous audio sig-
nal components and started to integrate Al into their ap-
proaches [Huang et al., 2025],[Meng Yang, 2024] thus en-

Related work: real-time
music visualization

systems, immersive VR
environments, creative

support systems

Growing work on
real-time music
visualization system,
different motivations like
improved listening or

performance

Varying sophistication
of musical analysis,
recent advancement: Al

integration



2 Related Work

Al-mediated, dual-layer
visualization
architecture, visualizes
instantaneous changes
and deeper semantic

meaning

Music-to-image system
for creative inspiration
proved helpful in some

cases

Real-time music
visualization systems
are feasible and
promising, research
gap: VR connection

abling a different semantic type of analysis that traditional
visualization systems were unable to perform before.

Huang et al. [2025]] proposed a novel architecture using
this technology in their work, capable of generating ab-
stract visual representations of music, by combining map-
pings of instantaneous change in the music, through the
visual based programming language Touch Designer, with
a deeper semantic analysis done through Al. This analy-
sis is enabled by using the python music information re-
trieval (MIR) library Essentia and the resulting analysis
is interpreted by the Al model GPT4 in order to gener-
ate prompts for a lightweight Image Generation Model.
This approach of using Al as an interpreter was rst pro-
posed by Chakrabarty et al. [2023] and shown to be effec-
tive in visualizing more complex and abstract subject mat-
ters. Huang et al. evaluated their approach with deaf in-
dividuals in an attempt to make music more accessible to
them, it remains unexplored if this system or a variation of
it can be effective in visualizing music in a creative context.

Meng Yang [2024]'s real time music-to-image system ex-
empli es another approach that uses Al for musical analy-
sis, this time by capturing MIDI input of piano players and
converting it into standard ABC note notation for GPT-4 to
analyze. The language model interprets musical structure
and perceived emotion, generating text prompts for an im-
age generator to create corresponding imagery. Particularly
relevant to our context is their user study, where they tested
the system with 5 piano players. They conducted a qualita-
tive analysis and found that users reported the system to be
helpful to their improvisation tasks and experience. How-
ever their system only looked at direct musical instrument
input. Research as to whether this approach can also be
applied in a computer-based production process remains
unclear.

Both of these systems establish that real time music visu-
alization system leveraging Al are feasible mechanism for
visualizing music and that they are worth investigating fur-
ther. However none of these system use the novel technol-
ogy of VR to see, whether this would enhance bene ts or
effectiveness, or offered users with any control mechanisms



2.2 VR and Immersive Environments - Potential Spaces of Creativity

- something that was acknowledged by Yang et al. to be im-
portant to incorporate into future research - a clear research
gap our thesis aims to Il

2.2 VR and Immersive Environments - Po-
tential Spaces of Creativity

A different research area we want to explore in this chapter
examines the possible effects of Immersive Environments
and VR on creativity. Studies have shown that the physical
environment plays a role in mediating the creative process
and J. H. Lee [2023] systematic review on the effects of cre-
ativity in physical environment acknowledged a research
gap for the creative potential of VR and immersive envi-
ronments.

In this context Hagedorn et al. [2023] investigated whether
VR environments can enhance creativity by measuring
both brain activity and subjective experience during cre-
ative problem-solving. Participants generated ideas for en-
vironmental challenges in either VR or on 2D screens. VR
participants reported higher enjoyment, stronger immer-
sion, and temporal dissociation, which is a typical charac-
teristic marker of ow states. EEG data revealed increased
frontal beta and gamma band activity during VR tasks, pat-
terns associated with heightened attention and information
integration. Hagedorn et al. argued these neural signa-
tures indicate that VR facilitates cognitive states conducive
to creative thinking. However in this work participants
only spent minutes generating ideas for hypothetical prob-
lems. Whether the same bene ts emerge during sustained,
technically-focused creative work like music production re-
mains unclear and needs to be investigated further.

Related to the musical context Abdou et al. [2024] investi-
gated presence as a mediating mechanism between immer-
sion in VR environments and musical emotion during pas-
sive listening. Participants experienced music in both VR
headsets and on laptop screens while presence and emo-
tional responses were measured. Results showed that pres-

environments affect
creativity, review
acknowledges VR gap

VR environments may
improve creativity, but
evidence is inconclusive

Immersive
environments help to
enhance musical

listening experiences
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2 Related Work

Immersive
environments face
challenges in wellness

applications

Research gap: studies
that examine effects of
immersive
environments on

creative process

creativity support
systems can be
effective

ence fully mediates the relationship between immersion
and musical emotion - technical immersion affects emo-
tional experience primarily by creating presence, which

then shapes emotional engagement. This nding suggests
that for music-related VR applications, the subjective sense
of "being there" matters more than hardware capabilities
alone. However, Abdou et al. examined brief music listen-
ing experiences rather than active music-making. Whether
presence in uences creative work in the same way, and
how immersive environments support the dual demands

of creative exploration and technical execution during ex-
tended production sessions, remains unexplored.

As a base for Al related immersive environment generation
Ney et al. [2025] recently explored Al generated immersive
virtual environments for wellness applications. They con-
ducted a study where three participants were able create
personalized relaxation environments using natural lan-
guage prompts with SkyboxAl and Meta Quest 3. The
study demonstrated generative promise for personalized
immersive environments, although with some important
limitations in effectiveness of the system to adhere to user
preferences. This leaves a gap for research to explore if
immersive environments face similar changes in contexts
other than relating to wellness and what controls seem to
be effective in order to create satisfactory user experience

The related work in this section shows that while immer-
sive environments and VR may be promising in the eld of
music and creativity, any form of concrete studies that ex-
amine individuals who are doing creative musical work are
lacking and should be explored.

2.3 News in Creative Support Systems

Our last area for examination in related work focuses on re-
lated work looks at creativity support systems (CSS), which
are specialized tools designed to enhance creative work
through technology, that have long been shown to foster
creativity [Massetti, 1996]. Traditional CSS approaches typ-
ically focus on providing task-speci ¢ stimuli to trigger
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new perspectives or offering structured processes to guide
creative thinking [Wang and Nickerson, 2017].

Recent research has expanded beyond these paradigms
to consider how environmental and contextual factors can
shape creative performance. Sielis et al. [2009] proposed
that adding context awareness to CSS can enhance the cre-
ativity process by providing real-time support during prob-
lem preparation and ideation phases. Their framework
suggests that CSS should adapt to user context, recom-
mending relevant resources and methods based on the cur-
rent creative task and user state. This context-aware per-
spective highlights that creativity emerges from the inter-
play between user, environment, system, and task. A sys-
tem offering creative support through music-reactive vir-
tual environments serves a direct extension based on this
approach.

Building on this emerging perspective, Schlagowski
et al. [2022] investigated how virtual environments can be
designed to support musical creativity in VR. Through a
human-centered design process, they developed and evalu-
ated a virtual reality drum-sequencing system that allowed
musicians to compose within either xed or customizable
virtual environments. Their ndings emphasize that users
have highly individual needs regarding their creative sur-
roundings, with a strong preference for environments that
can be customized in lighting, ambience, and visual detail.
This work reframes the virtual environments itself, to not
only function as a background, but as an active design di-
mension of a creativity support system.

Despite these advances, research on CSS speci cally re-
lated to music production contexts remains limited. While
Schlagowski et al.'s work highlights how customizable VR
environments can in uence musical creativity, it focuses
primarily on structured composition within VR interfaces
rather than dynamic, music-reactive environments. The
potential of immersive, responsive spaces that evolve in
real time with musical performance or production, has yet
to be systematically explored.

music-reactive
immersive
environments as a form
of context-aware CSS

VR environments can
be designed to support
musical creativity

Research gap:
Music-reactive
immersive
environments as a new
form of CSS
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2.4 Research Gaps & Summary

The literature review in this chapter reveals three intercon-
nected gaps that limit our understanding of how immersive

environment technology might support creative music pro-

duction.

1. While real-time music-reactive visualization systems
have demonstrated the technical feasibility and creative po-
tential of connecting audio analysis with generative Al,
none of these systems address whether these systems can
support the extended, iterative work ow characteristic of
computer based music production and how this potential
support might be extended to the VR dimension.

2. Research on VR, immersive environments and creativ-
ity has established that VR might potentially be a suitable
platform for creativity and music related activities. How-
ever research is lacking work on any actual experienced
creatives using this technology in a concrete musical pro-
duction work ow, which should be addressed.

3. Research in CSS relating immersive environment and
its bene ts remains understudied, with only a few single
papers we could nd on this topic. While important rst
advances of understanding the value of user control in a
musical CSS in VR have been made by Schlagowski et al.
further research into the relationship of dynamically chang-
ing and automated environments is warranted.

ImmersiveEnGen addresses these gaps by investigating
whether music-reactive immersive environments can func-

tion as a novel form of CSS in VR and what design deci-
sions relating to user control are essential in this novel de-
sign space.

Overall the literature provides technical foundations for
music-reactive generation that we can use, evidence that
immersion and VR environments can enhance creative ex-
perience and rst indications that control preferences mat-
ter in important ways in this domain.
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Chapter 3

Background

Some readers may not be familiar as to what exactly a
music producer does, how they commonly work, or what
kind of tools they use. In this chapter, we will give a brief
overview of the musical creation process and introduce
some of the key terminology used throughout this thesis.

Note: Music is subjective - The information in this chapter
is the authors personal interpretation of a good explanation
of the concept of musical production and should be inter-
preted as such.

3.1 The Role of Music Producers

Most music available today — whether on the radio or
streaming platforms — likely had some sort of music pro-
ducer involved in the creation process. Their job is to over-
see the process of musical creation by creating, arranging,
and shaping musical recordings and coordinating between
different individuals like recording artists and sound engi-
neers who are involved in the production process. In the
space of electronic music production, it is relatively com-
mon for a producer to also work alone on entire projects.
They are thus responsible for most, or all steps that are nec-
essary for creating a nished musical piece.

Chapter provides
background into music
production and creative

process

Producers are essential
in the creation process
of music
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Music production is an
individual and iterative
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Convergent vs.
divergent phases make
up essential parts of the
process

What is ow

Speci ¢ worfklow
routines

3.2 The creative music production process

The process of creating music is a highly individual and
iterative process and approaches differ widely from indi-
vidual to individual. Producers will often continuously ex-
periment, listen back, and re ne their work in cycles that
may span hours, days or even weeks and longer.

For an easier understanding the process can be divided
conceptually into two different phases that stand opposite
to each other. Converging phases during production are
characterized by a producer trying to get to a single point.
An example for this could be trying to make the sound of
a kick-drum to sound just like the producers wants it. He
would try adjust the length of the sound, put effects on it
or try other methods to converge onto a nal end result,
that would mark the end of this phase of the process. A
divergent phase may be characterized more by an ambigu-
ity as to what may come next in the process. These phases
often consist of trying new ideas, changing things around,
until it becomes clear what has to be done next speci cally
(converging again), ending this phase of the process. The
patterns, frequencies and times for when each phase occurs
is by no means obvious. Generally the process might start
with a divergent phase, if the producer had no previous
idea in mind and just wants to try out what is gonna hap-
pen after he starts working. If there was however previous
inspiration involved or the producer has a rough idea in
his head for what he wants to do that day, the process may
start out with more of a convergent phase pattern.

Often during long production sessions, when individuals
become fully immersed in what they are doing at that mo-
ment, producers may occasionally enter what is often de-
scribed as a' ow state' — a state of deep focus and engage-
ment with the creative task, where all other things seem
to slip away. This is often characterized as a pleasant feel-
ing afterwards and may be analogous to a form of effective
meditation, where all thoughts unrelated to the activity it-
self seem to slip away.

More speci cally the general production work ow may of-
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ten involve the producer rst picking out a sound like a
percussion or instrument. If the sounds does not seem to
be quite right - this always involves personal taste - it can
be changed through various methods like effects and tim-
ing manipulation.

The sound is then "arranged," which is the common refer-
ence for the practice of placing a sound in a timely pattern
that creates rhythm and energy. By creatively using dif-
ferent sounds which differ in their frequency range (bass
sounds are typically found on the lower end of the fre-
guency spectrum and high-pitched sounds like whistling
are on the higher end) a producer is able create a musical
landscape that feels coherent and carries some sort of emo-
tion for him.

3.3 Tools in Music Production

The main tool used in the creative process of music produc-
tion today is called a Digital Audio Workstation, or DAW,
which is the name for any sort of software application that
serves as the centerpiece for digital music creation. Inside
a DAW, it's possible to record, edit, arrange and also mix
audio among other things. DAWSs present music in a visual
timeline where producers can see their arrangements laid
out horizontally across time. This visual workspace typi-
cally includes multiple windows like an arrangement view,
mixing console, instrument controls and effects which pro-
ducers frequently navigate during their work ow.

Common examples of DAWSs used by beginners and pro-

fessionals alike include Ableton Live, Logic Pro, and FL

Studio. A musical piece can be created entirely inside the
software alone, e.g., with the help of digital synthesizers

that are able to generate any sound that can be perceived
by humans.

Producers often work with MIDI (Musical Instrument Dig-

ital Interface), a protocol that allows them to control virtual
instruments and edit musical notes independently from the
audio they produce. Through a MIDI keyboard for exam-

DAW is the main tool
and serves as digital
centerpiece in

production

MIDI is a protocol for

virtual instruments
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ple, it's possible to record a sequence of piano notes and
later change the sound to be a guitar that plays the exact
same notes and melody.

Many producers also use samples, which are names for
short musical recordings of, e.g., a single drum hit or bass
note that can be laid out in repetitive or non-obvious pat-
terns to create different grooves and melodies.

To listen back to their music, producers often use ei-
ther monitors (professional loud speakers) or studio head-
phones, characterized by their precise output of sound.
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Chapter 4

Immersive EnGen

This chapter provides an overview of our prototype the
Immersive Environment Generator or short ImmersiveEn-
Gen, a novel system which is capable of generating music-
reactive immersive environments through real-time audio
analysis. We rst present some insights from our prelim-
inary expert interviews that informed some of our design
decisions, followed by a detailed examination of the sys-
tem architecture and each of its key components.

4.1 Preliminary Interviews

Before developing the ImmersiveEnGen system, we con-
ducted preliminary semi-structured interviews with four
experienced electronic music producers to better under-
stand how their creative processes looked like and what
kind of preferences and expectations for an immersive mu-
sic visualization system the had.

We found large variability in the answers, ranging from ab-
stract worlds to realistic exotic natural environments. Mul-
tiple participants mentioned forms of visualizations com-
parable to a waveform that would be shown somewhere in
their eld of view and react to their music.

Immersive EnGen:
novel system for
music-reactive
immersive
environments, chapter

structure

we conducted
interviews with
experienced music
producers
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desire for user control

background support

system primary
components: audio
analysis engine,
environment generation
pipeline, immersive VR
app

High level overview
shows overall ow from
user to environment

A consistent theme that emerged across interviews was the
desire for some type of user control over the environments

although there was much large variability in these answers

due to the fact that everyone imagined the system to func-
tion very differently.

Participants also emphasized that environments should re-
main in the background rather than demanding too much
active attention, with visualizations positioned peripher-
ally where they could be sensed without requiring focus.

We took theses answers into due consideration during the
development of our prototype. The Design principle of
background support and the emergence of user control as a
central theme in our exploration were shaped in important
ways by these initial interviews.

4.2 System Architecture Overview

ImmersiveEnGen is a modular system designed to be able
to generate music-reactive immersive environments in real-
time. The system is made up by four primary components:
an audio analysis engine that extracts musical information,
an environment generation pipeline that translates these
characteristics into visual descriptions and images and an
immersive VR application, natively running for the Apple
Vision Pro headset, that displays the immersive environ-
ments to the user. Additionally the system makes use of
a control unit that facilitates communication and provides
endpoints for web interfaces for study management and
user interaction.

Figure 4.1 shows a high level overview of the system's gen-
eration pipeline. Live audio input from a producer's DAW
enters the audio analysis engine , which then extracts mu-
sical features like tempo and key together with more high
level descriptors such as mood, tags and genre. These fea-
tures are then passed on to the environment generation
pipeline . In a rst step, the large language model (LLM)
Chat GPT-4 interprets the musical input and based on this,
generates corresponding descriptive prompts for visual en-
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vironments that t the music. These prompts are then
used in a second step to generate high-resolution images
through the Al image generator DAII-E 3 and then trans-
mitted in a last step to the Apple Vision Pro to be displayed
as an immersive virtual environment, where users are able
to perceive them.

The VR environment itself is based on a fully immersive
space - meaning that it allows no pass through of real world
surroundings. It consists of four primary visual compo-
nents (a model for reference can be found in Figure 4.2).
The rst is the virtual display oating in front of the user,
which displays their normal computer screen and can be
used normally with a mouse and key board. This virtual
display feature is enabled by the Apple Vision Pro technol-
ogy itself and can be adjusted in size, as well as be moved

in space anywhere the user desires. This process happens

through gesture control, where users pinch their ngers
and then execute the desired movement-gesture. A curved
backdrop is positioned behind the virtual display, which
wraps around the user's peripheral eld of view while they
work inside their virtual computer screen in front of them.
This curved backdrop together with the surrounding half-
dome, which extends the visual space above and behind the

user, are updated whenever the system receives a new en-

vironment update by the generation pipeline. Both display
the same generated environment as a texture on their sur-
face. The fourth component inside the immersive environ-
ment space features a window to the real world on the level
of the users desk, in order for users to still able to perceive
some of their real-world surroundings. This feature helps

to ground the experience and also gives users the necessary

opportunity to look at their keyboard or adjust the volume
of their speakers during the use of the system.

From a technical standpoint this multi-platform architec-
ture combines a Python backend for audio analysis (Es-
sentia) and Al environment generation (DALL-E 3) with a
native VisionOS application for immersive rendering, con-
nected through a Flask-based server that manages commu-
nication and provides web interfaces for both administra-
tive control and user interaction.

VR environment has
four components:
virtual display, curved
backdrop, dome
environment, real world

display

Technical
implementation: python
backend, essentia
audio analysis, Open Al
generation pipeline,
VisionOS VR
application
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Figure 4.1: High level system overview of ImmersiveEnGen. The system is able to
listen and analyze audio in real-time, generate tting environments based on the
results and then display them to the user in an immersive VR space.

Figure 4.2: Model of the immersive VR environment. In front of him, the user
can see a virtual display of his computer. Behind this lies a curved backdrop. The
environment is enclosed by a half-dome environment. Both the backdrop and half-
dome environment display the generated images of the environment generator as
a texture
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Figure 4.3: Example Generation of ImmersiveEngen on the popular Pop Song

"Blinding Lights"

4.3 Audio Analysis Engine

The audio analysis engine serves as the musical "ear" of
ImmersiveEnGen, responsible for extracting representative
musical characteristics from a live audio signal in real-time.
Traditional music visualizers often respond to amplitude or
frequency - the instantaneous changes in a stream of music.
Our system however follows a different design principle by
attempting to understand the semantic meaning of music
by trying to analyze both low level descriptors such as the
tempo and key and more high level and abstract descrip-
tors such as mood, tags, genre and energy estimations. This
semantic understanding enables the generation of coherent
visual environments that re ect the character of the music
rather than simply reacting to its volume.

Note: Our system is not able to understand any semantics
of lyrics incorporated into the music, since only the entire

audio stream is analyzed by the system. A separation of in-
dividual elements such as voices was not taken into consid-

Audio analysis by
analyzing semantic
meaning instead of
instantaneous signal

changes
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Silence detection to
accommodate music

production context

eration, due to the scope of this thesis being an exploration
focused on electronic music.

Our approach leverages the Essentia framework - an open-
source python library for audio analysis - using some
of their pre-trained tensor ow machine learning models.
These models were trained on large datasets of labeled mu-
sic and can classify various musical attributes with reason-
able accuracy. The analysis pipeline examines multiple pa-
rameters of musical content simultaneously: structural fea-
tures like tempo and key, different "characters" of sound
(timbre) and more abstract characteristics such as mood &
themes, genres and tags. Figure 4.4 can be referenced for
an example of an analysis output for an Electronic House
track.

We chose these particular analysis parameters for the
model because they provided a wide range of data that
characterized the music. They were also observed to be
accurate in their representativeness, relative to some of
the other models we tested during our initial development
phases.

The analysis of a live audio signal operates on a sliding
window approach to maintain real-time performance while
capturing suf cient musical context. The engine analyzes
15-second windows of audio as a default parameter, up-
dating its analysis every 5 seconds as new audio becomes
available. This hop interval creates overlapping analysis
windows that help smooth transitions and avoid abrupt
changes in the extracted features. During testing that tried
to mirror an actual production context, we found some
cases, where we had to digress from these standard param-
eters. We go into more detail on this in our study manage-
ment section (4.6).

An important feature of the audio analysis engine is silence
detection. When producers pause audio playback to think
or make adjustments, the system should not continue gen-
erating environments based on empty analysis data. For
this reason we implemented energy thresholding to detect
when audio signals falls below a certain level, indicating
silence or near-silence. During these periods, the system



4.3 Audio Analysis Engine

23

Figure 4.4: Example for a musical analysis report. The sys-
tem extracts tempo in beats per minute, identi es the mu-
sical key, classi es the primary genre, and generates con-
dence scores for various high level descriptors such as
mood and themes, timbre and musical tags. Additionally,
each of these attributes is accompanied by a con dence
score, allowing the system to weight more certain classi-
cations more heavily in subsequent processing.

pauses environment generation and maintains the current
environment, resuming only when audio playback contin-
ues.

The nal output of the analysis engine is a structured
data object containing all extracted musical features, which
serves as input for the environment generator. This rich
musical pro le provides the raw material for translating
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abstract sonic characteristics into concrete visual environ-
ments.

4.4 Envrionment Generator

The environment generator of our prototype faces a fun-
damental translation challenge: How can abstract musical
characteristics be converted into concrete visual descrip-
tions of environments that somehow represent the mu-
sic they were made from? Musical features like "groovy,"
"120 BPM," or "minor key" do not directly specify visual
attributes such as color palettes, spatial layouts, or atmo-
spheric qualities of an environment. To bridge this seman-
tic gap, we make use of modern Al technology and employ
the large language model (LLM) Chat GPT 40 as a "creative
interpreter" with the task to translate the musical analysis
into rich visual environment descriptions.

The pipeline operates in two stages. First, the structured
musical analysis output is sent to GPT-4, along with a num-
ber of speci ¢ system instructions. These instructions rst
specify the role of the LLM as a creative assistant and that
its task is to translate the musical data it receives into a
rich descriptive prompt for an Al image generator to later
be displayed as a virtual environment to music producers.
This instruction is followed by multiple rules that further
guide the model to generate concise visual scene descrip-
tions that capture the mood and character of the music
without directly referencing any musical concepts in the -
nal prompt.

In this phase of the process Prompt engineering proved
important for ensuring that the system would consistently
generate appropriate environments. Early system versions
produced descriptions that mentioned big instruments in
the nal output, even with the initial rules stating that the
nal prompt should make no reference to any musical con-
struct. In these cases we decided to add additional rules
that further constraint the models output prompts, even
if this lead to losing some variance in the nal environ-
ment outputs. Other rule-based constraints we included
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Figure 4.5: Prompt engineering proved to be an important
step in ensuring the environment genrator produced re-
sults that were appropriate for the context. Initial environ-
ment prompts included mentions of large instruments in-
side the environments - so we added additional rule based
constraints that limited the Al model in this speci c way.
The images show examples illustrating the difference in
output when running the pipeline on the popular pop song
"99 Luftballons" by Nena

for similar reasons included the depiction of humans, as
they often looked distorted in the nal generation and also
cities and crystals as their mention dominated all genera-
tion prompts, which led the pipeline to lack any form of en-
vironmental diversity. Figure 4.5 illustrates the difference
we saw between naive and re ned prompt generation with
additional rule constraint with the popular song example
"99 Luftballons". Again it should be noted that the model is
not able to understand any semantics of speech ;)

In the second stage of our generation pipeline these tex- Dall-E for generation
tual descriptions serve as the input for DALL-E 3, OpenAl's with maximum quality,
agship image generation model. The system requests im- 35-45 seconds music to
ages in the maximal 1792x1024 resolution and each gen- environment response
erated image typically requires 20-30 seconds to produce, time

which informed our decision to implement an additional
15 second generation cool down, which was found to be a
reasonable middle ground between too quickly changing
and long standing single environments during testing.
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