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Applying Affect Estimation to 3D Music Visualization

Journeying Through the Development of an Affect-Based Music Visualizer
ANTON ERIKSSON

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

This project aimed to develop a 3D music visualizer using affect estimation and
real-time audio features. Methods used during the project ranged from research
through design, focus groups, prototyping, and an experimental survey. The final it-
eration of the visualizer could generate 3D scenes based on the music and extracted
affect values, which participants found to be visually pleasing and fitting to the
music. However, the visualizer struggled to accurately communicate the affect val-
ues visually, which is attributed to the lacking aesthetic profile and the subsequent
implementation. Despite this, the project successfully manifested an affect-based
visualizer that offers potential for further development. Future research is needed
to investigate the use of abstract means for communicating emotions, and standard-
ization of measures and language is required for this multidisciplinary domain.

Keywords: Music visualizer, affect estimation, audio-visual experience, computer
graphics, research through design






Acknowledgements

I would like to express my gratitude to my supervisor, Kivang Tatar, for his feed-
back and guidance throughout this project and my previous work on creating the
development environment. Thank you for always being enthusiastic and motivating,
and for providing valuable insights that helped me to improve my work. I'm also
thankful to my examiner, Palle Dahlstedt, for his diligent efforts in reviewing and
assessing my work.

I would like to thank my friends and family for their unwavering support and en-
couragement throughout this epic journey. Your belief in me and your great ideas
have been a constant source of inspiration.

Furthermore, I extend my thanks to all the participants who took part in my studies,
without whom I would have lacked the necessary data to create my visualizer. Your
contributions have been instrumental in making this project a success.

Lastly, I want to express my appreciation to the open-source community and the
creators of the amazing libraries Meyda, Essentia.js, and Three.js. Without your
contributions, this project would not have been possible. Thank you for making
your work available to others and for inspiring us to push the boundaries of what is
possible.

Anton Eriksson, Gothenburg, 2023-06-05

vii






List of Figures

List of Tables

1 Introduction

2 Background

3

Contents

2.1 The State of Music Visualization . . . . .. . . ... ... ... ...
2.2 Generative Art . . . ... L
2.3 Natural Mapping and Glyphs . . . . . .. ... ... .. ... ....
2.4 Emotional Determinants . . . . . . . . . . . ... ... ... .. ...
2.4.1 Emotional Determinants of Music . . . . . . . . ... .. ...
2.4.2 Emotional Determinants of Abstract Visuals . . . . . . . . ..
2421 Color . ... ... . . ..
2.4.2.2 Movement and Animation . . . . . . . ... ... ..
2.5 3D Computer Graphics . . . . . . . . ... ...
2.5.1 Primitive . . . . ...
2.5.2 Material . . . . ...
2.5.3 Texture . . . . . . . ..
2.5.4 Transformation . . . . . . . . .. ... ...
255 Light . .. .. ..
2.5.6 Camera . . . . ...
257 Renderer. . . . . . ...
2.6 The Development Environment . . . . . . ... ... .. ... ....
2.6.1 Fundamentals . . . . . . . . ...
2.6.2 Essentia.js: Estimating Music Affect . . . .. ... ... ...
2.6.3 Meyda: Extracting Real Time Audio Features . . . . . .. ..
2.6.4 Three.js: Manipulating a 3D Scene . . . . . .. ... ... ..
Theory
3.1 Research Through Design . . . . . ... ... ... ... .. .....
3.2 Phenomenology and First Person Design . . . . ... ... ... ...
3.3 Wicked Problem . . . . . . . . . . . . ...
3.4 Perceived and Felt Emotion . . . . . ... ... ... ... .. ... .

3.5

Arousal And Valens

XV

xVii

15
15
15
16
17
17

ix



Contents

4 Methods 21
4.1 Double Diamond Model . . . . . . .. ... .. ... ... ...... 21
4.1.1 Discover: Problem Diverging . . . .. ... ... ... .... 21
4.1.2 Defining: Problem Converging . . . .. ... ... ...... 21
4.1.3 Develop: Solution Diverging . . . . . .. .. ... ... .... 22
4.1.4 Deliver: Solution Converging . . .. .. .. ... ... .... 22

4.2 Focus Group . . . . . . . .. 23
4.3 Thematic Analysis . . . . . . . ... ... . 23
4.4 The MoSCoW Analysis . . . . . . . . .. ... ... .. ... ..., 24
4.5 Crazy 8 Brainstorming . . . . . . . . .. ... 24
4.6 Importance/Difficulty Matrix . . . ... .. ..o 24
4.7 Prototyping . . . . . . . . . 24
4.7.1 Lo-Fi Prototyping . . . . . . . . . . . ... . 25
4.7.2 Hi-Fi Prototyping . . . . . . . . . .. ... 25
4.7.3 Prototyping as Filters and Manifestation . . . . . . . ... .. 25

4.8 Evaluation . . . . . ... Lo 25
4.8.1 Summative Evaluation . . . . .. ... ... 25
4.8.2 Affect Rating . . . .. ... ... oo 26
4.8.3 Experimental Survey . . . . ... ..o 26

5 Process 27
5.1 Pre Project Development . . . . . . .. .. ... ... L. 27
5.2 Discover Phase . . . . . . . ... ... 27
5.2.1 Focus Group Study . . . . . .. ... 27
5.2.1.1 Material . . . . .. ..o 28

5.2.1.2 Participants . . . . . ... 28

5.2.1.3 Procedure . . . . .. ..o 28

5.3 Define Phase . . . .. .. .. ... 29
5.3.1 Thematic Analysis . . . . . . .. .. ... . 29
5.3.1.1 Interpreting . . . . ... ... ... ... ... ... 29

5.3.1.2 Concluding . . . . ... ... 34

5.4 Develope Phase . . . . . . . ... 35
5.4.1 Crazy 8 Brainstorming . . . . . . . ... ... ... ... ... 35
5.4.2 Importance/Difficulty Matrix . . . . ... ... ... ... .. 37
5.4.2.1 The Selected Metaphore . . . . . . . ... ... ... 38

5.4.3 Lo-Fi Protityping . . . . . . .. ... ... 39
5.4.4 The MoSCcoW Analysis . . . . . .. ... ... ... ..... 39
5.4.4.1 Must Have Features . . . . .. ... ... ... ... 40

5.4.4.1.1  Travel Illusion Particles . . . . . ... ... 40

5.4.4.1.2 Determine Color . . . . . .. .. ... ... 40

5.4.4.1.3 Determine Shape . . . . . . . ... .. ... 40

5.4.4.1.4 Essence Shape . ... ... ... ... ... 40

5.4.4.1.5 Radiation Behaviour . . . . . ... ... .. 40

5.4.4.1.6  Spawn and Despawn Objects . . .. .. .. 41

5.4.4.2 Should Have Features . . . . ... ... .. ..... 41

5.4.4.2.1 Basic Materials . . . . ... ... ... ... 41



Contents

54422 Fog . ... 41

5.4.4.2.3 Responsiveness Speed . . . . . ... .. .. 41

5.4.4.2.4  Essence Shape Hover Movement . . . . . . . 41

5.4.4.2.5 Distortion Shape . . . . . .. .. ... ... 41

5.4.4.2.6  Derivable Changes . . . . .. .. ... ... 41

54.4.2.7 Traileffects . . . ... ... .. ... 41

5.4.4.2.8 Firework/Explosion. . . . .. ... ... .. 41

5.4.4.3 Could Have Features . . . . . .. ... ... ..... 42
5.4.4.3.1 Post Processing . .. ... ... .. .... 42

5.4.4.3.2 Optimization . . .. ... ... ... .... 42

54433 LoadingBar . ... .. ........... 42

54434 Interface . . . . . ... ... 42

54.4.35 Usability. . . . ... ... ... ... ... 42

5.4.4.4 Wont Have Features . . . . .. ... ... .. .... 42
5.4.4.4.1 Interactability . . . . . . ... ... ... .. 42

5.5 Deliver Phase . . . . . . . . . ... 42
5.5.1 Hi-Fi Prototyping . . . .. . ... ... oL 42
5.5.1.1 The Starting Point . . . . . ... ... ... .. 43

5.5.1.2  Travel lllusion Particles . . . . . ... ... .. ... 43

5.5.1.3 Determine Color . . . ... ... ... ... ..... 44

5.5.1.4 Essence Shape . . . .. .. ... ... L. 46

5.5.1.5  Post Processing . . . .. ... ... ... ... 47

5.5.1.6  Radiation Behaviour . . . . .. . ... ... ... .. 47

5.5.1.7 DataSet. . . .. .. ..o 48

5.5.1.8 Developer Mode . . . . ... ... ... ... ..., 50

5.5.1.9 Basic Materials . . . . . .. .. ... 0oL 51
5.5.1.10 Reactivness . . . . . . . . . . .. ... 52
5.5.1.11 Lights . . . . . . .. 52
5.5.1.12 Camera Movement . . . . . . . . ... ... ... .. 52
5.5.1.13 Interactability . . . . . . ... ... ... 52
5.5.1.14 Moon Object . . . . . . .. ... ... 53
5.5.1.15 Frequency Wave . . . . . ... ... ... ... ... 53
5.5.1.16 Interface and Usability . . . . . . . ... ... .. .. 53
5.5.1.17 Optimzation . . .. .. .. ... ... ... ..... 54
5.5.1.18 Aesthetics . . . . . . ... 55
5.5.1.19 Clean Up, Comments and Publishing . . . . . . . .. 56
5.5.1.20 What I Didnt Do . . . ... ... ... ... .... 56

6 Results 59
6.1 The Final Design . . . . . . .. ... .. o 59
6.1.1 The Mapping of Affect Values . . . . . . ... ... ... ... 59
6.1.1.1 Happiness . . . . . . .. . ... Lo 59

6.1.1.2 Sadness . . . .. .. ... ... ... 63

6.1.1.3 Aggressivness . . . . . . ... ... 63
6.1.1.4 Relaxedness . . . . . .. .. ... 66

6.1.1.5 Danceability . . ... ... .. 0oL 66

X1



Contents

6.1.2 The Mapping of Beats Per Minute and Musical Key . . . . . .
6.1.2.1 Beats Per Minute . . . . . . .. ... ... ......

6.1.2.2 Musical Mode . . . . . . ... .. ... L.

6.1.3 The Impacts of Real-Time Values . . . . . ... ... .. ...
6.1.3.1 RMS. . ... ... ...

6.1.3.2 Chroma . . . . ... .. .. ... ... ... ...

6.1.3.3 Audio Buffer . . . ... ... ... ... ...

6.1.4 The Interface . . . . . . . . .. ... L.

6.2 Summative Evaluation . . . . ... ... ... ... ... ...
6.2.1 Objectives and Aims . . . . . . . . ... ...
6.2.2 Design . . . . ...
6.2.3 Material . . . . .. ..
6.2.4 Participants . . . . .. ... L
6.2.5 Procedure . . . . . .. ...

6.3 Results of the Summative Evalaution . . . . . . ... ... ... ...
6.3.1 Arousal Results . . . . ... .. ... ... ... ... ...
6.3.2 Valence Results . . . . . .. ... ... ... ... .. ...,
6.3.3 PAResults . .. ... ... ... ... ..
6.3.4 NA Results . .. ... ... ...
6.3.5 Fitness Results . . . . .. ... ... ... ... ...
6.3.6 Approval Results . . . ... .. ... ... ... ...
6.3.7 Improvements Results . . . . ... ... ... .. .......
6.3.7.1 Feedback on Visualization 1 . . . . . ... ... ...

6.3.7.2 Feedback on Visualization 2 . . . . . . ... ... ..

6.3.7.3 Feedback on Visualization 3 . . . . .. ... ... ..

6.3.7.4 Feedback on Visualization4 . . . . .. ... ... ..

6.3.8 Hypothesis. . . . . . . ... oo

7 Discussion

7.1 Research Question . . . . . . .. . ... ... ... ... ... ...
7.2 Methodology Discussion . . . . . . . ... ... ... ... ... ...
7.2.1 Focus Group Discussion . . . . ... ... .. ... .. ....
7.2.2  Development Discussion . . . .. .. ... ... ... .....
7.2.3 Evaluation Discussion . . . . ... ... ... .. .......
7.2.3.1 Hypothesises Discussion . . . . .. .. .. ... ...

7.3 FEthics . . . . . .
7.4 Zimmerman’s Criterion of Design . . . . . ... ... ... ... ...
7.4.1 Method Selection and Process Description . . . . . . ... ..
7.4.2 Case Specificity . . . . . ...
7.4.3 Relevance . . . . . .. .. ...
744 Extensibility . . . .. ..o o

7.5 Issues with Affect Estimation . . . . .. ... ... . ... ......

8 Conclusion

Bibliography

xii

79
79
30
80
81
82
83
84
84
85
85
85
86
86

89

91



Contents

A Appendix A I
Al Focus Group . . . . . . . . . . I
A.1.1 Focus Group Consent Form . . . .. ... ... ... ... ... I

A.1.2 Focus Group Expertise Form . . . . . . .. .. ... ... ... 11

A.1.3 Focus Group Inspiration . . . . . . ... ... ... ... ... 1Y

A.1.4 Focus Group Detailed Plan . . . . . ... ... ... ... .. \Y

A.2 Pixabay Data Set . . . . . .. ... ... X

xiii



Contents

Xiv



2.1
2.2

3.1

4.1

5.1

5.2
2.3
5.4

2.5
2.6
2.7
5.8
2.9

5.10

5.11

5.12
5.13

5.14

List of Figures

The pipeline architecture of the development environment. . . . . . .
The initial state of the development environment. . . . . . . ... ..

Russell’s Circumplex Model of Affect. Note that the marked emotions
are estimations. . . . . . . . .. L.

The Double-Diamond Model . . . . . . . . . . . . .. ... ... ...

The sketches from the sessions was set up on a wall. The rows rep-
resent emotions, and the columns represent participants. The orange
post-it notes denote representative sketches. . . . . . . ... ... ..
The four most representative sketches of the aesthetics of happiness.
The four most representative sketches of the aesthetics of sadness.
The four most representative sketches of the aesthetics of aggressive-
NESS. o e e e e e e
The four most representative sketches of the aesthetics of relaxedness.
The four most representative sketches of the aesthetics of danceability.
Summary thematic analysis results. . . . . .. ... ... ... ...
The sketch from the Crazy 8 brainstorming session. . . . . . . . ..
The ideated potential music metaphors displayed in an importance
difficulty matrix. . . . . .. ..o
The image to the left represents a song with neutral arousal and high
valence while the song to the left represents a song with high arousal
and slightly negative valence. . . . . . . ... ... ... ... ...
The image to the left represents a song with neutral arousal and high
valence while the song to the left represents a song with high arousal
and slightly negative valence. . . . . . . . . . ... ... ...
The initial environment. . . . . . .. ... oo
The x-axis denoted valence and the y-axis denotes arousal. In this
example, aggressiveness is higher than relazedness and will therefore
be used to calculate the main hues, and the same goes for happiness
since it’s higher than sadness. . . . . . . . . ... ... .. ... ...
Calculating the atan angle given the point denoted by the aggressive-
ness and happiness. 45 will be used as the hue value for the main
central HSL color function. . . . . . .. ... ... ... ...

XV



List of Figures

Xvi

5.15 Approximately within this range eight additional main hues will be
sampled. A high danceability value would extend this range. . . . . .

5.16 An example of a color pallet where the song is in the key of G.

5.17 Early sine wave radiation tinkering. . . . . . . ... ... ... ...

5.18 A more developed version of the radiation aesthetics. . . . . .. . ..

5.19 This type of radiation behavior was determined to be disorganizing.

5.20 A side view of the visualization. Note that the z-axis showcases the
temporal aspect of auditory events that took place in the past.

5.21 The dataset with the royalty-free Pixabay music. The song selection
is available in the Appendix (Appendix A.2). . ... ... ... ...

5.22 The view of the visualizer when an audio file has been uploaded and
affect estimates are being extracted. . . . . . .. ... L.

6.1 A code example where mood predictions are used to manipulate ma-
terial properties. . . . . . .. ...
6.2 Two zoomed-out examples of the final visualizer. . . . ... ... ..
6.3 Two zoomed-in examples of the final visualizer. . . . . . . . .. ...
6.4 Ordering the data set by happiness this song (agg2) was the the high-
est rated. . . ...
6.5 Ordering the data set by sadness this song (relax5) was the the highest
rated. . ..
6.6 Ordering the data set by aggressiveness this song (aggh) was the the
highest rated. . . . . . . . . ..o o
6.7 Ordering the data set by relazedness this song (sad3) was the the
highest rated. . . . . . . . . ..
6.8 Ordering the data set by danceability this song (dance5) was the high-
estrated. . . ...
6.9 The visualizer with the interface displayed. . . . . . . . .. .. .. ..
6.10 Left: Condition 1 showcased the visualization for the song "agg4d".
Right: Condition 2 showcased the visualization for the song "sad3".
6.11 Left: Condition 3 showcased the visualization for the song "relax1".
Right: Condition 4 showcased the visualization for the song "dance4".



List of Tables

5.1 Short descriptions of the considered ideas. . . . . .. ... ... ... 38

6.1 Affect estimates for the songs used in the summative evaluation. . . 71

xXvil



List of Tables

xviii



1

Introduction

Music is an auditory experience. It’s an intriguing thought to try to extend the
auditory sensation of music into a different sensory domain, such as vision. Visu-
alizing sound is not a new concept, and audio purposefully combined with visual
stimuli in a meaningful way can embellish the connection between the audience and
the music [1]. Visualizing sound usually takes one of two routes, either as an aid for
understanding the audio or as an artistic experience [2].

Artistic interpretations of audio can take many forms and involve multi-modal stim-
uli. Research on the combination of audio and visual perception is of particular
interest and some examples in the audio-visual domain used auditory features to
procedural animate the visuals of trees blowing in the wind [2], create 3D land-
scapes [3] or psychedelic effects [4]. Common with most visualizations, the focus lies
on attributes such as pitch, rhythm, frequency, and timbre. Mood and emotional
content are seldom represented in audio visualizations [5]. Modern affect estimation
models can predict the mood of a song [6][7] and mood can be interpreted as the
junction between valence level, happy to sad, and arousal level, calm to energetic
[8]. Since the findings of how mood can be artistically visualized are limited [5]
additional research on the topic is justified.

Previously I created a web-based audio feature extraction environment that outputs
features such as affect (sadness, happiness, aggressiveness, relazedness, danceability)
as well as conventional real-time audio features such as loudness and amplitude
spectrum. These parameters are made available to objects in a 3D scene. By
investigating the domain of affect visualization and implementing the findings in the
audio-visual environment I aim to create a perceptually and emotionally meaningful
audio visualizer.

How can affect estimation be utilized in an abstract music visualization?

The project consists of a planning and literature review phase to get a fundamental
insight into the domain audio-visual possibilities. Furthermore, the unexplored area
of artistically representing auditory affect using abstract stimuli requires empirical
data and due to its complexity I will conduct a focus group discussion to identify
crucial features and phenomenological insights. The goal of the focus group is to
explore how musical affect can be communicated through abstract stimuli, such as
shapes, colors, and animation. Ideas, themes, and conclusions will be extracted from
the transcription through thematic analysis and prioritized using Moscow analysis.
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Brainstorming, importance/difficulty matrix structuring, and lo-fi prototyping will
be utilized to explore and challenge potential solutions. I will conduct developmental
work to manifest a prototype based on the insights and requirements in conjunction
with the solution determined to be best suited for the project. Finally, the proto-
type will be evaluated in an experimental survey to determine its effectiveness to
communicate affect and representing the audio.

The problem is complex and can be defined as a wicked problem; there are a mil-
lion ways to represent audio. The area of artistically visualizing music affect has
not been thoroughly explored and contributions to this domain are required. The
wicked nature of the problem makes it unsolvable, however, the process and artifact
development in this project will act as a contribution and aid in the understanding
of the audio-visual domain in regard to affect and abstract visualizations. Instead
of trying to solve the wicked problem, the project will act as an interpretation of
the data and insights gathered, as well as a reference point for future research in the
domain.

The goal is to combine empirical insights with theoretical principles and manifest
them in an abstract visualization. The multimedia experience could potentially
transcend the isolated experience of audio or visual stimuli. Perceptual features and
natural mapping is determined to be of importance however particular attention
will be put on how affect attributes extracted from audio can be represented in the
visualization.



2

Background

2.1 The State of Music Visualization

Musical visualizations have been on an evolutionary trajectory for ages, traversing
various forms ranging from traditional music notation to highly intricate digital soft-
ware [5] [9]. To make significant contributions to this domain, it is crucial to gain
a comprehensive understanding of the current state of music visualization. This
knowledge helps us position the research in this work while providing an opportu-
nity for gaining familiarity with the existing paradigm, identifying opportunities for
innovation, and learning from the pitfalls and successes of past work in the field of
music visualization.

Lima et al. conducted a literature survey consisting of 51 papers to summarise the
current state of music visualization. In addition to identifying certain trends in data
collection and technologies used they encountered three distinct types, or personas,
of music visualization. The three major personas of music visualization are the mu-
sic composer, the music engineer, and the music academic. The music composer
is familiar with Common Music Notation (CMN) and MIDI, and visualizations are
used as a tool to aid in chord progressions and harmony. The music engineer is
concerned with signal processing techniques and visual feedback to complement the
audio. The music academic is a blend of the previous personas but has a more
exploratory approach and can in addition to investigating structure and chord pro-
gression also involve Machine Leaning, stylistic preferences, and artistic expression

[5].

Khulusi et al. reviewed 129 works related to musicological data visualization and
identified four main types of musicological data: musical works, musical collections,
musicians, and instruments. Musical work is the most common type of musicological
data visualization, and it can be divided into subcategories of musical scores and mu-
sical sounds. Musical scores refer to visualizations that transform traditional music
notation structures into other visual formats. Musical sound visualization instead
uses a data foundation made up of auditory features, such as loudness and pitch.
Musical collections transcend isolated music pieces and visualize macro attributes
such as genres, combined listening statistics, and music alignments. Musicians them-
selves can also be visualized in regard to biography/discography, collaboration net-
works, and similarities. Instruments can also be visualized also help communicate
materialistic and structural properties as well as functional analysis [9].
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With these personas and musicological data types in mind, I can classify this project
as a musical sound visualization from the perspective of the music academic.

2.2 Generative Art

Generative art has become a powerful tool for music visualizations. The compu-
tational power of modern computers affords the possibility to create and produce
unique visuals that synchronize to the music in real-time [2]. Not only does this
technology make it possible to construct algorithms that explore the audio-visual
domain, but it also opens new doors for artistic expression [10]. In the context
of my project, generative art will be a cornerstone, and understanding the basics
of generative art methods is integral to contributing to the domain of affect-based
audio visualization.

Generative art can be defined as the practice where the artist to some degree involves
a system that contributes to the creation of the artwork. Generative art has been
around for a long time and the system can be as simple as throwing a dice to
decide how to structure a musical score or the involvement of specific algorithms to
create intricate tile patterns. The act of involving a system in the creation of art is
determined to be a generative art process. Whether it’s a dice, a set of rules, or a
programming language it can be seen as generative art [10].

Generative systems can vary in degree of order/disorder, from orderly to completely
random, as well as in degree of complexity. Most of our attention in generative
art deals with very complex systems dealing with both order and disorder, such as
neural networks, genetic algorithms, and dynamical mechanics [10].

Most of the early experiments of computer-generated art were based on randomly
generated numbers [11] and recently sophisticated AT models such DALL-E-2 have
been used to generate images [12]. Noise is still very prominent in computer graph-
ics, in particular in regard to textures. Gradient noise algorithms such as simplex
noise are used to generate height maps which can be applied to primitives to dis-
place vertices, which can lead to dynamic 3D dimensional landscapes [13]. Instead
of using noise to generate landscapes, Ox demonstrated how audio could be used
as a way to create 3D environments. The pitch of the audio was used to determine
the height of the landscape section and saturation was used as the determinant for
hue. Instead of using a predetermined input or pure noise, the instrument audio was
used as an input to the generative algorithm [3]. This is similar to the audio-visual
building blocks approach mentioned by Brito and Fernandes [2] where the input is
not completely random and the algorithm is comprehensible. While neural networks
consist of algorithms they are often very high in complexity and describes as black
boxes, therefore it’s difficult to determine how specific nodes affect the outcome.
Constructing an algorithm that takes audio as input and consists of building blocks
based on audio-visual relations could help in the exploration of perceptually mean-
ingful audio visualization. This approach would afford the researchers to be actively
involved in the artistic aspects of how the visualization is realized.

Many of the visualizers are available as tools for understanding and identifying

4
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characteristics of the music, such as structure or spectral content [5]. Audio visual-
izations can take on a more artistic approach and psychedelic visualizers with a pure
aesthetic goal such as MilkDrop [4] has been around for a long time. Algorithms
utilizing audio features have also been applied to generate 3D landscapes [3]. Brito
and Fernandes create a procedurally animated tree blowing in the wind with the
goal of exploring the expressive potential of audio-visual animation. Instead of solely
creating an algorithm they took a more procedural approach to music visualization
by creating reactive building blocks that can be configured to represent complex
animations. In their research, they found that it’s natural for most people to imag-
ine visual metaphors for music and the users were able to add new ideas to the
established tree metaphor that they had constructed. The huge processing power of
modern computers and the seemingly unexplored concept affords additional research
and the authors encourage exploration of the domain of audio-visual artwork and an-
imation [2]. Procedural audio-visual animation in conjunction with affect estimation
is an unexplored domain of audio visualization, and therefore worth investigating.

This project aims to create art using the building block approach mentioned by Brito
and Fernandes [2]. The system will have an orderly quality in the sense that discreet
building blocks determine the outcome of the artwork. The system does not include
randomization however the audio signal will be used as an input for the system and
to some degree introduce disorder. The complexity required by the system is still
unknown and will be determined during the design process. Worth noting is that a
complex generative system is not necessarily better than a simplistic one.

2.3 Natural Mapping and Glyphs

A music visualizer requires coupling between audio and visual parameters, and these
can be implemented arbitrarily, but it’s hypothesized that an obvious connection be-
tween audio-visual parameters will result in a more meaningful visualizer [14]. While
the focus of this project is in regard to affect and emotions, it can be beneficial to
investigate the perceptual relations between audio and visuals. A deeper under-
standing of how to efficiently couple these parameters can lead to a more immersive
experience and enhance the emotional impact of the visualizer on the audience.

Norman famously brought up the importance of mapping controls to outcomes. Nat-
ural mapping in particular denotes the pursuit of creating relations between controls
and outcomes that are intuitive and immediately understandable [15]. Creating a
visualization that represents the audio requires conceptual natural mapping. With-
out sufficient natural mapping, the scene will just consist of arbitrary shapes and
colors. In the case of this project, there is limited user input, but since it’s the audio
that controls the visuals outputted to the scene natural mapping between audio and
the visuals is desirable.

Glyphs are widely used within music visualization [5] and are a staple within the
field of information visualization. A glyph is a graphical object and data is mapped
to the graphical attributes of the glyph. Some examples of attributes are color,
size, spatial position, orientation, surface texture, motion coding, and blink coding.
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Natural mapping is important to glyphs to make the interpretation intuitive to
comprehend. For example, it’s better to map temperature data to color than to
size, since I have an understanding of the concept of heat and its connections to
colors; blue is cold and red is warm, etc. Mapping city population density data to
the size/volume of the glyph would also be considered natural mapping [16].

Glyphs are used to effectively communicate multidimensional data. Artistic visu-
alizations are however not required to communicate exact values and Brito and
Fernandes demonstrate how audio features can be mapped to seemingly arbitrary
structures such as trees. For example, the size of the leaves was controlled by the
frequency spectrum’s average [2]. However, it’s assessed that natural mapping be-
tween audio features and graphical attributes is crucial to be able to capture and
represent the audio in a meaningful way.

Attempts to create perceptually meaningful representations of audio have been made.
The software AudioScope based the visual aesthetics on attributes of sound with nat-
ural mapping in mind. Pure sounds, that consist of a few sine waves are represented
as round since sine waves are round. Loud sounds are represented by large objects
and quiet sounds are represented by small objects. Percussive and transient sounds
are fast and therefore briefly flash on the screen. Brighter sounds consist of many
frequency components and are therefore portrayed as spiky [17]. Note that this is
just an interpretation of the connections between audio and visuals. In addition,
the AudioScope visualizer does not attempt to visualize the emotions of the music.

2.4 Emotional Determinants

The visualizer will utilize affect estimates to determine the emotional impact of
music, translating these emotions into abstract visuals that effectively convey the
desired affect. In order to achieve this goal, a thorough understanding of the emo-
tional qualities of both music and abstract visuals is essential. Researching how
musical features such as rhythm and mode, as well as visual features such as hue
and movement, have been employed in the past to convey emotions, will inform the
design decisions. This knowledge, in combination with the affect estimates and the
aesthetic preferences of the focus groups, will establish the foundational structure
for representing emotions in the music visualizer I'm developing.

Synesthesia is a condition where individuals can experience strong connections be-
tween stimuli and perceptual features, such as the associations between certain
sounds and colors [18]. It can have an impact on the emotional perception of sounds.
However, since synesthesia is relatively uncommon, the project does not specifically
focus on individuals with synesthesia. Instead, the aim was to identify general de-
terminants of emotions. Nevertheless, the idea of developing a visualizer based on
sound-color synesthesia could be a fascinating project worth pursuing.

6
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2.4.1 Emotional Determinants of Music

Conveying emotions in music is very complex and can involve many parameters
such as lyrical semantics, tension, melody, mode, tempo, loudness, structure, etc.
[19]. The complexity of the problem makes it difficult to couple musical attributes
and connect them to specific emotions. Some patterns have however been identified.
Tension can be determined by increased loudness and low pitch [20]. Arousal is
affected by rhythm and tempo, and a fast song induced psychophysiological reactions
related to arousal such as faster breathing and heart rate. Valence is often related
to mode and harmonic complexity [21]. Minor and major scales have been shown to
affect mood [22] [23] and slow songs in minor mode are often perceived as sad, while
fast songs in the major key are often perceived as happy [24]. This notion would
be applied to Russell’s circumplex model of affect [25] and Thayer’s model of the
emotional plane [26], given that tempo can be a determinant of arousal and mode
can be a determinant of valence.

2.4.2 Emotional Determinants of Abstract Visuals

There are many ways to communicate emotions with visuals, such as text or images
of expressive faces. For this project, I'm concerned with how abstract visuals with
minimalist semantic value can be utilized to communicate emotions. Grasping the
conventions of how specific visual features can be utilized will be valuable in the
creation of the visualizer.

2.4.2.1 Color

Traditionally colors have been divided into plus colors and minus colors. Plus colors
being warm red-yellow hues were thought to induce positive feelings while minus
colors being perceived as cold blue and green hues representing restlessness and anx-
iousness. Red and yellow have also been associated with outward forceful action
while blue and green have been associated with more calm and stable action. Mod-
ern empirical research of color psychology problematizes the traditional notions of
the meaning of colors. Colors have different contextual connotations and can vary
between cultures. It’s clear that the use of colors transcends aesthetics and can
influence thought and behavior [27].

A cross-cultural study based on orchestral music demonstrated that faster music
based in the major mode was associated with colors of high saturation, brightness,
and a yellow hue. Slow music in the minor mode was associated with the opposite
color pattern, meaning a less saturated, dark blue hue [28]. Arousal and valence
have been shown to have connotations to hues and degrees of saturation. Music
high in valence and arousal is viewed as saturated hues of yellow, orange, and red,
while music low in valence and arousal is seen as sad, calm dark, and blue hues [29].
These findings can be applied to the circumplex model of affect.
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2.4.2.2 Movement and Animation

Motion design is crucial to create engaging animations and is wildly used to give
characters life in movies and to create captivating user interface designs. The prin-
ciples of animation and motion design are valuable when trying to convey emotions,
even when dealing with abstract means. There are 12 principles of animation fa-
mously brought up by animators at Disney [30] which I will account for below. These
principles can be utilized in this project to communicate affect, increase engagement
and to some extent bring a narrative to an otherwise static illustration.

"Squash and Stretch" refers to giving objects the illusion of weight and volume by
altering their shape as it moves through space. "Anticipation" denotes the build up
before a movement is set in motion. "Staging" refers to drawing attention to impor-
tant aspects of the scene to communicate where users should focus. "Straight ahead
action" and "pose to pose' refers to two ways to construct animations. 'Straight
ahead" entails drawing each frame in the animation whereas "pose to pose" entails
drawing separate keyframes/poses and adding frames in between. "Follow through'
and "overlapping action" refers to the fact that different elements of the scene will
have different physics, which becomes clear at abrupt stops. 'Slow in and slow
out" denotes that objects do not have a constant speed. Often they have a wind
up and slow down, which can be depended on their perceived volume. "The arc'
principle refers to the effectiveness of curves to simulate natural movement. "Sec-
ondary action" refers to the additional sub-animations taking place as the object
moves through space. "Timing" refers to the temporal aspects of transforming ob-
jects. For example, a heavy object is more difficult to move and would be slower to
displace. "Exaggeration" refers to the possibilities of challenging the natural world.
While physical accuracy is important exaggeration can make the animation more
appealing. Too subtle cues can go unnoticed. 'Solid drawing" entails the correct
dimensions, shadows, light, and anatomy of objects. Much of this will come for free
when using computer graphics software. "Appeal" refers to the goal of striving to
create aesthetically pleasing objects and scenes since they generally gather more ap-
peal. This principle is similar to the famous quote said by Don Norman, "Attractive
things work better" [31].

In the classical Heider-Simmel illusion experiment participant watch a video of mov-
ing shapes. At first glance, it does not represent much but upon further inspection,
the shapes can be interpreted as characters experiencing love and abuse. This effect
is solely reached through the shapes and their movement. Apart from demonstrat-
ing the effects of attribution and anthropomorphization the study also showcases
how emotions can be created through very limited means [32]. Lima et al. denote
the importance of the relationship between temporal and spatial logic. Temporal
and spatial logic should match each other [5]. In the context of a 3D visualization,
it entails a causal relationship between when audio events occur in relation to the
responsiveness of the objects in the 3D scene. Using the estimated affect values to
calibrate the magnitude and speed at which objects transform when triggered by
audio cues could be an effective way of representing the song sentiments by move-
ment. For example, one could argue for natural mapping by having a song that are
rated high on aggressiveness be more responsive and transform objects faster, etc.

8
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2.5 3D Computer Graphics

To bring my vision of an affect-based music visualizer to life, I require a capable
medium, and that’s where computer graphics come into play. The medium has the
ability to manipulate a vast array of parameters that can be utilized to convey emo-
tions. Additional complexity but also utility is introduced when working with a 3D
scene, which is expected to enhance the experience and immersion. The algorithmic
foundation of computer graphics is a natural fit for my mission to create a mu-
sic visualizer with generative capabilities, providing the perfect canvas to represent
artistic expressions. To fully leverage the potential of this medium, it’s crucial to
gain a deep understanding of integral parts of 3D graphics. This is particularly im-
portant when dealing with delicate subject matter such as affect, where every aspect
of the visualizer must be carefully crafted to communicate the intended emotions
effectively.

Computer graphics is the area of engineering dealing with generating digital images
using technical means and computers. Computer graphic is ubiquitous in our mod-
ern life since it’s involved in all screen-based rendering. The discipline concerns the
creation of digital representations of data and the technologies involved to do so.
Computer graphics is a vast area and tasks such as simulating realistic light reflec-
tions or optimizing Arithmetic Logic Unit (ALU) computations in the graphics card
are worthy domains in their own right [13].

WebGL is a low-level system used for creating and rendering computer graphics on
the web. The low-level workflow of WebGL requires a lot of code to create inter-
esting scenes. Wrappers such as Three.js can streamline the processes of creating
web-based computer graphics by providing sophisticated tools to create and com-
bine the components of a 3D scene. For example, WebGL requires the developer
to specify points and draw lines to create objects whereas in Three.js you can use
predefined classes to draw geometries such as a cube. Computer graphics afford
many subsystems and manipulable parameters that can be mapped to data to cre-
ate interesting visualizations. Below, I account for many of the basic components
required to construct a 3D scene and how they can be manipulated [33].

2.5.1 Primitive

Primitives are generated shapes made up of polygons. Shapes can be simplistic such
as cubes or spheres, or more advanced such as torus knots or polyhedrons. Primitives
can also be constructed using parametric curves such as bezier curves or created in
separate modeling software and imported into the Three.js scene. The predefined
classes in Three.js have attributes that can be manipulated, such as increasing the
width of a cube to create a rectangle [33].

2.5.2 DMaterial

Materials can be applied to primitives to control the properties of how the light
reflects and how the surface is perceived. Each material is given a base color and a



2. Background

material type. Materials can have properties such as shininess, roughness, metalness,
and emission which determine how the light reflects from the surface [13].

2.5.3 Texture

Textures are generally images that can be applied to objects in the scene. There are
however different types of texture maps such as displacement maps, which manip-
ulates the position of specific primitive points, and normal maps which alter how
light is calculated and can increase the perceived detail of images without increasing
the polygon count [13].

2.5.4 Transformation

Transformation denotes ways to change a primitive’s orientation, position, size, and
shape. Most parameters can be manipulated and deployed in an animation loop. Of
particular interest are the primitive transforms for the position, rotation, and scale
which can be used to create moving dynamic objects [13].

2.5.5 Light

Lights are used to brighten the scene as well as create reflections and shadows. There
are many different types of light such as ambient light, directional light, point light,
and spotlight that can be added to the scene, and light color and intensity can also
be manipulated to create different effects [33].

2.5.6 Camera

Cameras are used to determine what in the scene that will be rendered. The view
frustum denotes the volume in front of the camera where objects will be rendered.
Objects too close to the camera, too far away, or to the sides will be culled and not
rendered. The field of view (FOV) as well as the position and angle of the camera
can be animated [13].

2.5.7 Renderer

The renderer in itself can also be manipulated. During rendering the vertex and
fragment shader are called to determine the light and color of pixels, and even the
position of vertices. Post-processing effects can be created by customizing how the
shaders manipulate the vertices and pixels [13]. Certain effects come prepackaged
with Three.js, such as bloom and glitch pass. Worth noting is that post-processing
can be computationally heavy since additional calculations have to be done for each
fragment.

10
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Figure 2.1: The pipeline architecture of the development environment.

2.6 The Development Environment

When designing software, it’s essential to have a dedicated space where we can bring
our ideas to life and test our manifestations. This allows us to explore different
features and settings, iterate on design choices, and refine the prototype. Having a
sandbox environment dedicated to iterating on my music visualizer is integral to its
design and implementation.

2.6.1 Fundamentals

I have previously created a browser-based developmental environment for creating
audio visualizations in 3D. The developmental environment streamlines the process
from raw audio to responsive 3D objects and can be utilized by practitioners and
developers who do not what to set up their own visualization environments from
scratch. The pipeline is built in common JavaScript as an accessible web application.
The pipeline makes use of the libraries Meyda[34], Essentia.js [6] [7] and Three.js[33].

The environment requires a user to upload an audio file. The audio is analyzed
and affect attributes are extracted in a pre-visualization step. The visualization and
music then start and real-time audio features are extracted and visualized using
responsive objects in a 3D scene. Both the labeled and real time features are stored
in a global object which is mapped to parameters in the scene.

2.6.2 Essentia.js: Estimating Music Affect

Essentia.js is a JavaScript audio analysis library with a C+4 back end. The library
affords many audio processing and analysis tools but affect estimation is the most
important feature for this project. Essentia.js has trained machine-learning models

11
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Figure 2.2: The initial state of the development environment.

that can be utilized in browser applications using WebAssembly and TensorFlow
[6][7]. The Essentia.js model implemented in the development environment takes a
raw audio file as input and extracts the following attributes:

Sadness: an estimation of how sad the song is.

Happiness: an estimation of how happy the song is.

Relaxedness: an estimation of how relaxed the song is.

Aggressiveness: an estimation of how aggressive the song is.
Danceability: an estimation of how danceable the song is.

Beats Per Minute (BPM): an estimation of the number of beats per minute.
Key: the estimated main key.

Scale/Mode: the estimated main mode.

Sadness and Happiness are related to valence whereas Relaxedness and Aggressive-
ness are related to arousal. Abstract features such as Danceability demonstrate the
power of classification models. The song is also classified in musical terms such as
BPM, key, and scale.

2.6.3 Meyda: Extracting Real Time Audio Features

Meyda is a real-time audio feature extraction library written in JavaScript. The
library uses WebAudio API which is a tool for manipulating audio in the browser

[34].

WebAudio API is based on modular routing where audio nodes are linked

together inside an audio context [35] and Meyda can connect to the audio context
and extract audio features as the audio is playing in real time. Meyda can extract a

12
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range of attributes, but the following real-time features are anticipated to be most
important for the visualizer:

« Root mean square (RMS): rough representation of loudness.

e Loudness: perception of sound related to amplitude.

e Amplitude Spectrum: distribution of energy across frequencies.

» Spectral Centroid: center of mass of frequency distribution.

o Spectral Rolloff: frequency at which energy rolls off to zero.

e Chroma: representation of pitch content, independent of the octave.

e Perceptual Spread: perceived width of sound in stereo field.

o Perceptual Sharpness: perceived "sharpness" or "hardness" of sound.
e Perceptual Spread: perceived width of sound in stereo field.

o Mel-Frequency Cepstral Coefficients (MFCC): spectral envelope repre-
sentation based on mel scale.

The developmental environment consists of two Meyda analyzers, one that extracts
features from the raw audio and one with a lowpass filter at 200hz. The lowpass
analyzer is detecting the energy level of low frequencies and triggers when the value
reaches a set threshold to simulate a simplistic beat tracker.

2.6.4 Three.js: Manipulating a 3D Scene

Three.js is a versatile computer graphics library that utilizes WebGL to create 3D
scenes directly in the browser. With a range of tools and features, it allows for the
extensive manipulation of computer graphics parameters such as primitives, cameras,
and lights, giving designers and developers great creative control [33]. Three.js
affords the ability to create a wide variety of projects, from interactive games [36] to
hyperrealistic models with advanced light calculations [37]. It has even been used
before to create a music player that has dynamic graphics which react to the real-
time audio features of the music [38]. This adaptability and flexibility make Three.js
an ideal choice for developing a browser-based 3D music visualizer. By mapping and
manipulating the scene parameters based on audio features and affect estimates, I
aim to create an emotionally engaging experience for the audience.
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Theory

3.1 Research Through Design

There are three types of research related to design. Research for design describes the
preparation process for design. Research into the design is a meta-commentary of
how is design conducted. Research through design denotes learning and development
when being practically involved in the design process. Research through design
includes developmental work, meaning-making, or customizing technology to do
something that no one has done or considered before. Treading in this unexplored
domain leads to playful tinkering as a means of learning [39].

Theory and technology can come together through design. Zimmerman et al. [40]
suggested four criteria for evaluating design research within human-computer inter-
action (HCI). The process of how the choice of methods is motivated is important,
as well as whether the process can be reproduced. The research must produce an
invention that combined subject matters and address a specific case. Validity is
difficult to use as a measure in the domain of design and therefore design research
should instead be evaluated on relevance. Finally, the design research should be
extensible meaning it should be possible to expand upon and/or derive knowledge
from the body of work.

Developmental work is a subcategory of research through design particularly focused
on the processes involved when making and constructing new artifacts [39]. Devel-
opmental work inherently includes testing, tinkering, and discovery and is closely
related to prototyping and the practical involvement of design.

3.2 Phenomenology and First Person Design

Phenomenology is the study of experiences, in particular, how we experience. The
structures of the conscious first-person experiences are of interest and the concept of
intentionality is central. Intentionality denotes how experiences are directed towards
or about an object. A sentence like 'l imagine a fearsome creature like that in
my nightmare." captures the fundamental attributes of a first-person experience
and demonstrates intentionally towards an imagined nightmare creature [41]. This
project will tread into the domain of how music is imagined visually, which is a
question that resides in the phenomenological domain. The question "What does it
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entail to imagine music visually?" captures some of the characteristics of the problem
at hand.

The involvement of first-person perspectives is a long time practice within HCI and
the personal experience can intuitively fill in the gap which can not be sought after
by objectivity [42]. HCI practitioners use a first-person perspective in several aspects
of their design profession [43].

In this project, phenomenology and first-person experience will be involved in both
the focus group discussion as well as when prototyping. The focus group will revolve
around getting insight into the participant’s experience of audio-visual perception
and exploring how intentionality is directed in relation to affect, music, and visuals.
When prototyping commences insights drawn from the literature review, empirical
data, as well as the first-person experience of the developer, will be combined in a
melting pot to shape the final manifestation.

3.3 Wicked Problem

Design is a complicated area and the challenges can be classified as wicked problems.
Rittel [44] famously outlined ten characteristics of wicked problems and this is how
they relate to the problem of visualizing music sentiment. First of all, there is no
definite formula for this problem. There are no axioms that can be utilized to deduce
a perfect visualizer. The problem doesn’t have a stopping rule, meaning that there
is no way of knowing when the solution is complete. In the case of this project,
the solution is simply determined by time and the completion of one design cycle.
This however doesn’t entail that the solution is optimal or finished. The solution to
the problem at hand will not have a true-or-false answer. The solution will instead
be evaluated, by looking into how well the visualization communicates emotions
and contribute to the experience of music. There is no ultimate test for proposed
solutions to wicked problems. Designs and artifacts can be evaluated on specific
measures but designs are unique, materialized by the designer, and can be viewed
as universal in scope, which makes design a practice of unrivaled wickedness [45].
The solution is a one-shot operation, meaning that the solution is determined by
the time and place in which it was conceived. The data collected from the focus
group, and the derived insights, will be unique and it’s impossible to replicate the
exact same conditions in which it was conducted. It’s a fleeting operation and the
design artifact should be viewed as a product of its circumstances. There is no set
number of solutions to a wicked problem. There are unlimited ways to visualize
music and interpret emotions. Wicked problems are essentially unique in nature.
While similar problems can have overlapping characteristics there is no set way of
finding a solution to a wicked problem. Wicked problems also consist of symptoms of
other problems. It’s challenging to create emotional visuals based on music since it’s
dependent on subjective qualities of emotions which is in itself a complex problem.
This also entails that there is more than one way to explain wicked problems and
explanations might even vary depending on individual perspective. This is yet again
true for how music should be portrayed. Wicked problems deal with solutions to
actual real-world challenges and the planners are responsible for their actions and
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approach [44].

In short, this means that there are no all-around waterproof solutions to wicked
problems. There is no optimal solution to visualizing the emotional contents of music
since it deals with many determinants, fleeting empirical evidence, and subjectivity.
Wicked problems go against much of the scientific paradigm of rules and laws [45].
Rigorous scientific methodologies and approaches can be utilized in the practice of
design, but the wicked nature of the design is faulty from the viewpoint of scientific
scrutiny.

In this project, Zimmerman’s criterion for design research [40] will be adopted to
contribute to the academic domain of design with the insights gained from the
creation of the artifact and the attempt to solve a wicked problem.

3.4 Perceived and Felt Emotion

Studies dealing with emotions in music have been rather ambiguous with respect to
the distinction between perceived emotion and felt emotion. In the case of music,
perceived emotion would be the emotional content expressed by the musical piece,
while felt emotion would be the emotional content induced in the listener. These
qualities are indeed distinct. One can understand what kind of emotional content a
stimulus communicates without experiencing the emotion [23].

There are multiple ways in which perceived emotions can affect felt emotions. The
far most common notion is a positive relation, meaning that a stimulus perceived as
happy will be felt as happy. A negative relation would entail that stimuli perceived as
happy are received as sad. A perceived emotion can also have a neutral effect on felt
emotion [46]. In regards to music, perceived emotion doesn’t always coincide with
felt emotion. In particular, musically trained individuals appraised the perceived
emotions significantly differently from felt emotions in regards to certain musical
characteristics, such as note density [23]. A multitude of factors such as context,
psychological state, and individual variation makes it difficult to ensure a positive
relationship between perceived and felt emotion, however, the convention in practice
is to assume a positive relation [46].

In the scope of this project, I focus on perceived emotion. The complexity of con-
structing a bulletproof stimulus that is perceived and felt in the same manner is out
of the scope of this research.

3.5 Arousal And Valens

Russell’s circumplex model of affect [25] and Thayer’s model of the emotional plane
[26] describe human emotions on two axis. The first axis represents arousal, which
accounts for the intensity of the emotion and goes from low arousal to high arousal.
The second axis is valence which determines how pleasant the emotion is and goes
from negative valence to positive valence. The axis of valence and arousal have been
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applied in Music Information Retrieval (MIR) to estimate the affect of the music [§]
[47] [26]. Machine learning models can be used to classify the track sentiments.

Affect estimation tools, such as Essentia.js, have broken down arousal into two
distinct values, denoted as the degree of relazedness and the degree of aggressiveness.
The same is true for valence which is broken down into the degree of sadness and the
degree of happiness. Sophisticated models can estimate mood with high accuracy, up
to 90% accuracy [8], but the accuracy for arousal is often higher than the accuracy
for valence [8][47]. High levels of cross-cultural agreement have been demonstrated
when evaluating experimental music in terms of arousal and valence [48].

Figure 3.1: Russell’s Circumplex Model of Affect. Note that the marked emotions
are estimations.

The traditional models of emotion have an antagonistic view of emotion, meaning
that sadness is the direct opposite of happiness etc. [25]. This view has been
challenged and rich experiences describe complex emotions with both pleasant and
unpleasant qualities. Complex emotions such as longing and sympathy can have
both qualities of sadness and happiness in them [49]. The affect estimation model
used in this project can output values for both sadness, happiness, aggressiveness,
and relaredness at the same time, which means for example that a song can be
classified to be both sad and happy at the same time. There is however no claim
that this should be interpreted as a complex emotion. In addition, the traditional
models of emotion suggest that emotions can be derived based on the level of arousal
and level of valence, such that high arousal and high valence become exited and low
arousal and high valence become serene [25]. While the attributes extracted by
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the affect estimation models are closely related to arousal and valence they do not
claim to estimate these kinds of relational emotions. Classification models such as
Essentia.js have been trained to classify complex attributes such as danceability [6]
[7] and given the right data set the model could be calibrated to estimate complex
emotions.

In the scope of this project, the estimated affect values will simply be taken at
face value and regarded as accurate predictions for the music sentiment. Worth
noting is that the Essetntia.js model used for this project does not take lyrical
semantics into consideration when determining emotional content. To make this
project implementation feasible and pragmatic I follow these assumptions when
dealing with the Essentia.js affect estimates:

o High Aggressiveness =~ High Arousal
o High Relazedness ~ Low Arousal

o High Happiness ~ High Valence

o High Sadness ~ Low Valence

It is important to note that when discussing the impact of media content on emotions,
the content itself does not possess inherent emotions, but rather it influences and
induces emotions. Alternative terminology, such as pleasantness for valence and
eventfulness for arousal, have been suggested to denote the emotional qualities of
media content [50]. However, for the purpose of this report, I have chosen to use the
established terminology of valence and arousal to describe all emotional responses.
It should be noted that eventfulness and pleasantness could have also been used
interchangeably to describe the perceived emotions of the visualizer.
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Methods

4.1 Double Diamond Model

There are many ways to describe the design processes, and for this project, we focus
on the double diamond model because of the following reasons. The double diamond
model is a way to represent the creative design process, it structures the process into
divergent and convergent sections and consists of four different phases. The discreet
division of converging and diverging sections creates separate sections for peripheral
exploration and decision-making. The first is the divergent discovery-phase where
the nature of the problem is explored in a broad sense. Research is required at
this stage. The second phase is the convergent define-phase where the problem is
narrowed down and a deeper understanding of the important aspects and dynamics
of the problem are laid out. The third phase is the divergent develop-phase where
different solutions to the established problem get explored. Prototypes and concepts
can be explored. Finally, the fourth phase is the convergent deliver-phase where the
solution is tested and finalized [51]. The area of affect-based music visualization
is rather unexplored which makes the double diamond model well-suited for our
project since it makes room for both exploration and structuring of the problem and
the solution.

Below I account for how these sections and phases will be utilized in the project.

4.1.1 Discover: Problem Diverging

The problem at hand is unexplored and requires a broad discovery-phase. The phase
will yield an understanding and contribute to a pool of information from which I
can extract insights. It’s in this face I conduct a literature review and explore the
topic through focus groups.

4.1.2 Defining: Problem Converging

In the context of this project, the problem converging phase entails identifying im-
portant aspects of the problem. This would entail extracting insights from the focus
group and the literature to get a comprehensive understanding of why it’s difficult
to visualize mood, what aspects that are important, and suggestions on how to do it.
The task of developing a prototype visualizer requires certain guidelines and at the
end of the problem-converging phase a structured priority list of important aspects,
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Figure 4.1: The Double-Diamond Model

such as ideas or an aesthetic profile, will materialize. The insights and ideas can be
used in the development phase to explore potential solutions.

4.1.3 Develop: Solution Diverging

At this point I'm expected to have a prioritized list of requirements, with statements
such as "High arousal songs should be portrayed as fast and aggressive' and "visual
appearance should be responsive to the audio'. These requirements can however
be realized in many different ways depending on which metaphor, approach, and
solution to proceed with. Exploring different solutions and ways to fulfill the charac-
teristics of the problem is important, and the focus can be shifted from the problem
to the solution. With that said, due to the limited time span and resources of this
project, all solutions can not be exhausted, but exploration through ideation and
prototyping is required. I will require structuring and prioritization so that the next
phase can elapse without pitfalls.

4.1.4 Deliver: Solution Converging

The ideation and exploration of the previous phase will yield several low-fi prototypes
and the best of them will be refined. Due to time restrictions, I anticipate only being
able to conduct one design cycle meaning that the development will result in a single
prototype that can be tested but the feedback will not lead to additional iterations.
Visualizations are rarely evaluated on tests with proper measures [5] and I want to
make sure that I take my time to test the creation to contribute to the Zimmerman
criteria for extensibility [40].

With that said, this evaluation step of the project is highly intriguing but optional
in the scope of this project. If problems occur along the way that delays the timeline
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this phase will be culled.

4.2 Focus Group

A focus group is a qualitative study where themes and questions are discussed in
a social context. The goal is to get an insight into new perspectives and generate
ideas. Focus group conduction is widely used as a research methodology but not
standardized [52]. A focus group requires a clear definition of the aim of the study
and a list of questions that create a base for the session. While groups consisting of
participants with similar characteristics can contribute to more engaging discussion
this notion has been challenged. Breaking the homogeneous groups can help to
overcome pre-existing patterns and yield more honest views. Focus groups usually
have between six to eight participants and a minimum of three focus groups are
recommended per research topic. Large research areas have been suggested to strive
for theoretical saturation, meaning continuously conducting more focus groups until
they do not produce any new data [53]. Three focus group sessions are approximated
to reach 80% theoretical saturation, whilst four to five sessions will reach about 90%
saturation [54]. The session should not take longer than two hours to not exhaust
the participants [53]. Social context and group dynamics are important aspects
of the method and contribute to the data collection. A skilled focus group leader
should facilitate the group and encourage varied perspectives by asking follow-up
questions and promoting discussion between the participants [52]. The data from a
focus group session should be transcribed, analyzed, and presented [53].

4.3 Thematic Analysis

Thematic analysis is a method that can be used to extract themes from qualitative
methods such as interviews or focus groups. The method can be seen as a bottom-up
approach where insights are extracted and emerge from the data. The method can
be broken down into five steps, compiling, disassembling, reassembling, interpreting,
and concluding.

Compiling entails the transcription of qualitative data as well as getting a sense of
the entirety of the captured data.

In the disassembling step, the transcription gets broken down into meaningful group-
ings. Through the process of coding meaningful segments represent ideas and the-
matic keywords are extracted. Coding can be decided a priory or generated as the
data is proceeded [55]. Different disciplines and paradigms utilize different terms
[56] and coding should be domain specific [55].

In the reassembling step, the initial codes get combined into focused codes which
represent larger ideas and coherent themes. To get an overview of the thematic
landscape reassembling can be done through a matrices approach where participants,
concepts, and themes are structured in rows and columns, or in a thematic hierarchy
where themes get sub-themes, etc.
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While the data gets interpreted from the start of the method a discreet interpretation
step can help with the understanding of the relational and structural contents of the
themes and ideas. Visualizing the thematic clusters or creating a thematic map can
help in understanding the relationship between themes and codes.

The concluding step simply states that some insight should have been derived from
the initial data. Worth noting is that the findings from a thematic analysis are
difficult to replicate and seldom generalizable due to the context of the qualitative
data collection. The conclusion can still be valuable to the research and problem at
hand but generalizing the findings should be done with care [55].

4.4 'The MoSCoW Analysis

The MoSCoW analysis is a prioritization technique that structures deliverables in
tiers of importance. The technique aids development and creates an order in which
tasks should be explored or implemented. The first tier is the "Must have'-tier where
features crucial to the project are listed. The second tier is the "Should have'-tier
where high-priority items are listed which would make great contributions to the
project. The third tier is the "Could have'-tier where desirable features are listed
that could be implemented given that time and resources are available. The final
tier is the antagonistic "Won’t have'-tier which lists requirements that should be
avoided [57].

4.5 Crazy 8 Brainstorming

This method is a simple brainstorming technique used to rapidly generate ideas.
Take 1 minute to come up with an idea for the problem, draw it on a piece of paper,
repeat this eight times, and discuss the generated ideas. The purpose of the method
is to generate a large number of ideas, which can help start the design process and
can help to spark innovative creative thinking [58]. The technique can be an effective
creative tool for designers and problem solvers when exploring potential solutions.

4.6 Importance/Difficulty Matrix

Ideas can be structured on a grid with two axis, one axis for ease of implementa-
tion and one for impact significance. This creates four discrete fields which each
symbolize different types of ideas. The grid is used as an aid for understanding the
return on investment [59], where ideally you want an impactful idea that’s easy to
implement.

4.7 Prototyping

Prototyping is a fundamental element of the design process and affords designers
to explore and refine their ideas, test assumptions, and gather feedback. Both
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basic Low-fidelity (Lo-Fi) and complex High-fidelity (Hi-Fi) prototyping become
important tools for the iterative development process of this project. The usage of
prototypes in this project is best described as mediums used to manifest the ideas,
as fidelity increases incrementally.

4.7.1 Lo-Fi Prototyping

Lo-Fi prototyping employs using rudimentary means and techniques, such as sketch-
ing, to explore and iterate design concepts. It affords the designer to put an emphasis
on conceptual qualities and temporarily ignore specific details. Lo-Fi prototyping is
highly modifiable and can aid in the discovery of pitfalls and problems at an early
stage in the design process [60].

4.7.2 Hi-Fi Prototyping

Hi-Fi prototypes are typically employed in the later stages of the design process
after the project has been thoroughly outlined. They frequently employ the same
techniques and technologies as the final product, rendering them more expensive to
produce. Hi-Fi prototypes offer superior interaction capabilities and convey a wider
range of design possibilities. However, due to their narrower focus, they are more
resource-intensive should the design space require further exploration [60].

4.7.3 Prototyping as Filters and Manifestation

Conventionally prototyping has been divided into low and high-fidelity, but utiliz-
ing prototypes as filters or as manifestations has been suggested to support design
exploration. Prototypes can be viewed as filters of ideas by breaking down the con-
cept into specific sections. For example, prototyping functionality can aid in idea
generation and can be viewed as a separate process from prototyping appearance or
means of interactivity. By viewing prototyping as a filter, discreet subareas of an
idea can be explored in isolation [61].

In addition, the process of prototyping can be viewed as a manifestation of the
idea. Manifestation can vary in aspects such as material, fidelity, and scope, and
over iterations, the prototype is refined and altered. The idea is manifested in the
prototype and as the prototype evolves in regards to material, fidelity, and scope, it
becomes a better representation of the idea [61].

4.8 Evaluation

4.8.1 Summative Evaluation

Summative evaluation traditionally refers to the quality assessment of a completed
product, and it is typically carried out using formal measures [62]. This evaluation
is usually performed at the end of the design process to determine the effectiveness
of the product in meeting its goals and expectations [63].
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4.8.2 Affect Rating

The Positive and Negative Affect Schedule (PANAS) is a widely used instrument in
psychology research for measuring affective states and traits, and it has been shown
to have good reliability and validity. Participants assess stimuli using a self-report
questionnaire based on an array of emotions. The point scale ratings are then used

to derive the values of arousal, valence, positive affect (PA), and negative affect
(NA) [64].

Although established evaluation techniques and measures are rare for music visual-
ization [5], PANAS has been used to assess the felt and perceived emotions of music
[46]. Conveniently, PANAS uses a 5-point Likert scale, but research has shown that
altering the scale to a 7-point scale can reduce certain unwanted answering behaviors
[65]. This alteration does not affect the formula used to extract the PANAS ratings;
rather, it increases the range from -8 to 8 to -12 to 12.

4.8.3 Experimental Survey

Experimental surveys can be used to determine distinctions between conditions.
Both between-subjects and within-subjects designs have their strengths and weak-
nesses. Within-subjects design increases statistical power since it subjects each
participant to each condition, but it can be subject to ordering effects and require
counterbalancing [66]. To minimize potential order effects, a Latin square balancing
method can be employed to make a feasible effort to minimize ordering effects [67]
[66].
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5.1 Pre Project Development

As a starting point for this project, we utilized a developmental environment that
we had constructed in a previous project course. The environment consisted of a
pipeline for uploading a file, estimating affect values, extracting audio features, and
making the data available in a 3D scene. In addition to having a solid base in terms
of technology and code, we could also account for a significant chunk of learning and
experience with the intricate technologies needed to create the visualizer. In partic-
ular with the real-time feature extraction library Meyda [34] and the 3D rendering
library Three.js [33]. This made it possible to accelerate development and focus on
the vital parts of the project, such as exploring music’s affect and how it could be
represented.

Overall, having the development environment as a starting point was a huge advan-
tage in the development process of the visualizer. With that said, the development
environment went through many changes during the project’s runtime and required
a lot of continuous learning to adapt to the new requirements and features of the
visualizer.

5.2 Discover Phase

5.2.1 Focus Group Study

The project required some form of empirical data as a foundation due to the un-
charted nature of the domain. A focus group was chosen as it would yield qualitative
data that could accurately describe emotions and visuals. Additionally, techniques
such as a sketching session could be integrated to facilitate communication of the
complex domain of emotion. The focus group resulted in an insight into how music
can be visually imagined, which would serve as the cornerstone of the visualizer’s
aesthetic profile. A detailed plan of the focus group can be found in the appendix
(Appendix A.1.4).
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5.2.1.1 Material

The focus group was conducted in a quiet 8-person group room at the Chalmers
University of Technology and the audio was recorded. Each participant where given
a pencil for writing and sketching as well as nine pens with the colors red, orange,
yellow, green, light blue, blue, purple, pink, brown, and black.

5.2.1.2 Participants

12 participants were recruited through convenience sampling on social media plat-
forms such as Facebook and Instagram. Seven participants reported that they had
less than 1 year of visual expertise and five participants reported that they had
between 1 and 5 years of experience. Regarding musical expertise four participants
reported having less than 1 year of experience, three participants reported having
between 1 - 5 years of experience, and five participants reported having more than
10 years of experience.

The focus groups were divided into three separate sessions and each session took 1
hour to conduct. Initially, the focus group was to be conducted in English since the
participant invitation pool was international, but since all participants were fluent
in Swedish it was instead conducted in Swedish, which was thought to capture the
experiences of the participants in higher detail.

5.2.1.3 Procedure

The participants signed a consent form (Appendix A.1.1) that informed them about
the study procedure and ethical concerns. Participants also filled in an expertise
form (Appendix A.1.2) by reporting their years of experience within the audio
and musical domains respectively. Participants where given chocolate bars. The
focus group session was initiated with a simplistic ice-breaker question and then
the topic of the session was introduced. The moderator showed and introduced the
participants to the base state of the music visualizer, which was meant to aid in an
understanding of the scope and the possibilities of the project. The first part of the
session consisted of a brainstorming-sketching session.

Participants were prompted with an emotion and were tasked to draw a representa-
tion of how the visualizer could represent a song with the given emotion. Describing
the experience of emotions, visuals and music in words can be an expert skill, and
manifesting it as a Lo-Fi prototype was meant to aid in creativity and the sketches
worked as a tool of communication. The prompted emotions/states were the features
extracted by Essentia.js, that being happiness, sadness, aggressiveness, relaredness,
and danceability. Participants were given two minutes of sketching per emotion.
The participants had access to the same types of pens and color variations. A paper
naming different types of visual features was displayed to incite inspiration during
sketching (Appendix A.1.3).

After sketching the participants were asked to motivate how they had used visual
features to represent the different emotions. Participants were also queried about the
relations between visuals and audio as well as musical metaphors. The moderator
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asked follow-up questions and at times asked participants to motivate certain aspects
of their drawings.

From the first group, it became clear that more emphasis should be put on the
three-dimensional aspects and subsequent groups underlined this to a greater extent
in the instructions.

5.3 Define Phase

5.3.1 Thematic Analysis

The thematic analysis was conducted to extract tangible meaning and patterns from
the data gathered during the focus group sessions.

During the compiling phase, the qualitative data captured from the focus group
was transcribed using the auto-transcription feature of Microsoft Word [68] to get a
rough parse of the audio recording, in addition, the rough transcription went through
two manual passes by the moderator to accurately represent what was included in
the context of the focus group.

Through a bottom-up disassembling approach, the transcription was explored and
inspected to find quotes that represented meaningful ideas or labels. The coding
was done using a rows-and-columns approach in a spreadsheet. 93 unique codes
were found during this stage.

During the reassembling phase, the codes were grouped into seven overarching
themes, that being "emotions", "color", "shape", "behavior', "visual elements", "mu-
sical elements" and "metaphors".

Colors denoted the hues, range, brightness, saturation, and amount of colors used
to represent the emotion. Shape denotes attributes such as size, length, density,
symmetry, and roughness. Behavior includes ways to describe how the objects could
act in the scene, which includes speed, responsiveness, vibrations, and predictability.
Visual elements denote specific mentions of objects available in the 3D scene, such
as particles, fog, and lights. Musical elements include mentions of musical attributes
or instruments, such as bass rhythm and tempo. Metaphors include words that were
used as parables to emotions or to music as a whole.

In addition, the sketches were clustered into their respective emotional categories to
aid in pattern recognition. The four most representative sketches for each category
were selected to be ambassadors for their respective emotions. The sketches were
selected based on how well they captured the colors and shapes of the generally
expressed attitudes, as well as how well they represented specific concepts or ideas.
Representative quotes were translated from Swedish to English.

5.3.1.1 Interpreting

In the interpreting step of the thematic analysis, I identified patterns in the collected
data, images, and metaphors.
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Figure 5.1: The sketches from the sessions was set up on a wall. The rows represent
emotions, and the columns represent participants. The orange post-it notes denote
representative sketches.

Happiness: The color of happiness was described to be bright and saturated. Most
prominent was the yellow hue, but green and blue were also mentioned. Specific
importance was put on the brightness of the color. Person 11 "Yes same, I tried to
pick bright happy colors like yellow, blue, and bright green.”. The shapes associated
with happiness were described as soft, sprawling, and wavy. Person 3: "Outwards,
I wanted to move outwards on the paper. It’s not really something contained, it’s
big and spread out.” The higher intensity of happiness the more exuberant, rapid,
and spread out the visuals were imagined. Happiness was described using fire and
weather metaphors, in particular sunlight. Person 2: "Like a gust of wind, like a
spring wind, it comes and gives hope about sunlight. "

Sadness: Sadness was described by using dark hues of colors, in particular black
and blue. Person 6: "Yes, I think only in hues of blue, different dark blue hues."
Participants expressed that if they were given a wider range of colors with different
brightness they would have selected the darker ones. Sad colors were imagined to be
less sharp and more dialed down in regard to saturation. Sadness was described to
be round, compact, wavy, contained, and flat. Person 4: "Yes, sorrow never gives,
it always lays down, It is like, sand in the ocean or something. It sinks and then
it lays there and so on." The movements of sadness were described as slow careful
movements which take time to respond to the musical features. The visualization
performing sad music was imagined to be less reactive and not instantly answer to
events, but mold slowly between different states. Person 12: "I would say rather
slow and soft, but which at times can act out. But not particularly pointy." Rain,
drops, and fog were the most frequent metaphors describing sadness. Rain could
also be described as a liquid with high viscosity. Person 3: 'It’s like, it’s not yes,
more like a sharp fog that shouldn’t look too good... However, here in the middle,
there is a lump, it has very high density, a lump that spread like the plague.”
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Figure 5.2: The four most representative sketches of the aesthetics of happiness.

Figure 5.3: The four most representative sketches of the aesthetics of sadness.
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Figure 5.4: The four most representative sketches of the aesthetics of aggressiveness.

Aggressiveness: Red, orange, and black were the most prominent colors used to
describe aggressiveness. Yellow was used on occasion. The colors were described as
sharp and dark. Person 1: "It should be dark and harsh colors, I think it should
be sharp colors, red is very good." The shape of aggressiveness was described to be
pointy and solid with sharp angles. Person 4: "I also went with that, like trian-
gles. It’s the most pointy shape we got." The behavior of an aggressive visualization
was described to be of high intensity, including sudden and fast jerky changes. Ag-
gressiveness was also described as actionable with a decisive momentum towards
a direction. Person 1: "I really agree about direction, it feels like there’s a course
toward a specific direction, at least for me." Metaphors used for aggressiveness were
fire, explosions, and chaos. Person 6: "I think about chaos. Like, it doesn’t feel like
there’s any logic to how things move around."

Relaxedness: Colors used to represent relaxedness were, in general, dialed down,
and bright, green, and blue were most frequently used. Person 6: "I went for nature,
so green and bright blue, quite naturalistic.” The shapes used were big, soft, light,
round, and wavy. Person 11: "Rather soft large waves, not at all hard, but softy
soft". Most notably relaxedness was denoted as a slow emotion and movements
were sparse and careful. The visualization was described to showcase changes over
time, meaning it should not react to every instance. Person 11: "Maybe not every
bass drum, like, gives results, more like changes over time than every beat. "Nature
elements such as cloud, forest, and the ocean was used as metaphors to describe
relaxedness.

Danceability: Danceability was described as a colorful display of a wide range of

32



5. Process

Figure 5.5: The four most representative sketches of the aesthetics of relaxedness.

saturated colors. Neon colors were also brought up. No particular shapes could be
identified to be closely related to danceability. Danceability denoted the importance
of showcasing the rhythm and bass. Person 4: "Dance music is often very rhythmi-
cal. That’s the point with dance music, that it’s recurrent and often mathematically
rhythmical. That’s why I drew everything at an even distance.” . Person 9: "I think
someone deaf should be able to look at it and be like, without feeling the vibrations,
know exactly how to dance.”. Bass as an audio feature was described as large and
wide in scale. Metaphors used for describing danceability were stars, the 70’s, and
rainbows.

Interactions: In general, participants expressed no particular interest in actively
interacting with the visualizer and engaging in the visualization was seen as a passive
activity. The discussion, however, arouse about whether active involvement would
advance the experience of the audio-visual experience.

Importance: The most important features were the colors and movement of the
objects in the scene. Closely followed by their shape. Person 11: "Color and
movement are the most important. Fverything can be represented by a ball, in some
way.". Colors were said to be closely linked to emotions and the behavior and
movements of objects in the scene were denoted as crucial since without them it

would just be a still image.

Strucutral Metaphores for Music: Participants thought that weather was a
good metaphor for music and that it has a lot of potentials to convey different emo-
tions. Participants brought up sunshine, rain, and storms as variations of weather
that could represent emotions. The usage of weather metaphors to describe emo-
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Figure 5.6: The four most representative sketches of the aesthetics of danceability.

tions were frequent across all groups. Participants also described music as a trip.
Person 5: "I like the idea of a song being some type of trip, like it constantly moves
forward in a way. It moves, somewhere, towards something or away from some-
thing... It doesn’t matter if it’s Vivaldi or Taylor Swift. I feel like every song is some
type of trip. "Music could also be represented as a liquid. Person 11: "My initial
thought is, like water. It can take many shapes, in a way. It can be aggressive or
calm." Music represented as aerodynamics affecting objects also came up during the
discussion. Person 9: 'It’s something that blows and depending on the mood the
object’s shape changes and is affected.”

5.3.1.2 Concluding

The results of the thematic analysis revealed multiple aesthetic properties uniquely
related to specific emotions. The visualizer was designed with these patterns in
mind. Many of the patterns were antagonistic, such as happiness being bright and
sadness being dark, or aggressiveness being fast and relaxedness being slow.

No music was played during the study to avoid priming the participants which might
have caused the focus to shift slightly from the experience of emotions in music to
just mere the experience of emotions.

The emotions used for the study were based on the terms used in Essentia.js, however,
translated into Swedish. It is possible that the Swedish translations had different
connotations, and the same goes is true for the translation of the quotes. It be-
came clear that the participants had metaphors in mind when describing the visual
elements of emotions.
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Figure 5.7: Summary thematic analysis results.

Participants also commented on the lack of colors. Ideally, more resources should
ahve be allocated to the range of colors, in particular in regard to brightness and
saturation. With that said, participants verbally announced their color preferences
in most cases where the available color range was insufficient,

5.4 Develope Phase

5.4.1 Crazy 8 Brainstorming

The ideation method was used to kick off the next phase of the project with a spurt
of creativity and playfulness. I engaged in a rapid Crazy 8 brainstorming session.
The goal was to generate eight unique ideas on how to realize the visualizer in regard
to the overarching structural metaphor for music or to highlight important aspects
that could bring value to the visualizer.

The first sketch showcases how the visualizer could be based on a black hole
radiating Hawking radiation. The music could affect how the center pulsates, its
density, and when particles are shot out from the center. A user could possibly
interact with the camera or rotate around the center.

The second sketch portrays a landscape made up of audio waves with a glowing
orb at the end of the horizon. The landscape would change dynamically to the
audio. The orb in the background would symbolize the essence of the song and
could radiate color.

The third sketch is inspired by the game Guitar Hero. Shapes glide towards the
camera in different lanes depending on frequency.
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Figure 5.8: The sketch from the Crazy 8 brainstorming session.

The fourth sketch is using a solar system or an atom as a metaphor for music.
The orbs could represent and react to different aspects of the music, and their speed
and trajectory could be determined by the tempo of the music.

The fifth sketch represents music as a trip through galaxies. The journey passes
the galaxy which represents a segment of audio features.

The sixth sketch is similar to the fifth, with the slight difference that instead of
traveling into a galaxy the trip is traveling away from objects. The objects could
spawn off the screen and be moved into the scene to create the effect of falling or
traveling away. This would have temporal advantages since musical events can be
made into objects and instantly be put into the scene, close to the camera which
would create better mapping than spawning objects in the distance.

The seventh sketch simply states that the manner in which objects travel through
space could be determined by emotions. Songs that are mainly aggressive should
have a straight and clear course while calm songs could have objects travel in a sine
wave through space.

The eight sketch showcases the music as a symmetrical kaleidoscope.
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Figure 5.9: The ideated potential music metaphors displayed in an importance dif-
ficulty matrix.

5.4.2 Importance/Difficulty Matrix

The method was used to get a structured overview of the project’s possible directions
and ideas. The ideas generated through the focus group and the ideas generated
by the brainstorming session were written down on post-it notes. The ideas were
evaluated on their potential to communicate musical affect and features as well as
how difficult it would be to program them.

Difficulty Impact Idea
"The Guitar Hero" idea was determined to be rather un-

Low Low  original and there were no clear-cut ways to represent
the music’s emotion.
"Endless Scrolling" as a metaphor for music would not

utilize the 3D scene to its full potential.
Continued on next page

High Low
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Table 5.1 — continued from previous page
Difficulty Impact Idea

"Object Deformation" would be interesting to utilize
in a visualizer but would be challenging to code since
High Low it would requirg mesh manipulation. In addition, the
shape of an object was deemed by the focus group re-
sults to be less important than other aspects such as
movement and color.
"Liquid or Aerodynamics" as metaphors for music would
High Low be very difficult to code since it would require an in-
volved physics engine.

"A Solar System" concept would be easy to create and
the orbiting "planets" could represent different audio
features. Communicating emotions would however be
rather vague.

High Low

"Black Hole and Hawking Radiation" could represent the
essence and density of the song and the behavior of the
radiating particles could aid in the communication of
emotions and auditory features.

High Low

High High "Weather" is an exceptiopal metaphor for emotions and
has connotations to music.
"Horizon and Landscape" could be constructed in a way
High High  to represent audio features and emotions, it is however
determined to be rather uninspired.

"A Kaledioscope" as a means to represent music would
High High  be aesthetically pleasing but not as unique as some of
the other concepts.

"A Trip Towards or A Trip Away" as a metaphor for mu-
sic was highly regarded by the focus group participants.
A distinction was made in regard to what direction the
trip would travel. A trip traveling away from objects
seemed like the best option since the music can trigger
events to spawn objects and bring them into the scene
close to the camera. This entails that objects close to
the camera are temporarily close, and vice versa, objects
in the distance represent music events that occurred in
the past.

High High

Table 5.1: Short descriptions of the considered ideas.

5.4.2.1 The Selected Metaphore

The best concepts were determined to be the weather, the trip away, and the black
hole. The ideas and metaphors were combined into one executable concept.

The fundamental structure was imagined to be a trip moving through space. This
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Figure 5.10: The image to the left represents a song with neutral arousal and high
valence while the song to the left represents a song with high arousal and slightly
negative valence.

illusion would be realized by having particles move at a constant rate away from
the camera. The trip represented the duration of the song. Based on musical events
objects would spawn into the scene. In the middle of the scene, there would be
an object which represented the essence of the song, ideally, this would be a highly
moldable object. The object would pulsate, bounce, and radiate particles, which
would afford many visual parameters that could be used to represent the song, such
as the trajectory and behavior of the radiating particles. The illustration would
not portray weather, however, it would be used as inspiration from the manners in
which weather successfully communicates emotions.

5.4.3 Lo-Fi Protityping

A brief Lo-Fi prototyping session was conducted using simple means to explore and
get confident with the parts and visuals involved in the project without expending
significant time and resources. Lo-Fi sketching was conducted to get an idea of
the general aesthetic profile of the visualizer. Two songs with different affect values
were imagined, the first with a generally positive mood and neutral intensity, and
the second one with a slightly negative mood and high intensity. The sketches aimed
to capture the color choices, shapes, and directions of the music visualizations. The
Lo-Fi sketches were recreated in Figma [69] to increase the fidelity slightly and to
be able to add a suitable background gradient color.

5.4.4 The MoSCcoW Analysis

The goal of the method was to divide and conquer the complexity of the problem.
Breaking down the scope of programming into smaller pieces and ranking them
based on importance would aid in the pursuit of a minimum viable product. Given
time and resources the program could be expanded upon.

Based on the concept in mind potential features were written down on post-it notes
and prioritized using MoSCoW analysis. The features were evaluated based on how
easy they would be to implement as well as how efficient they would be to commu-

39



5. Process

Figure 5.11: The image to the left represents a song with neutral arousal and high
valence while the song to the left represents a song with high arousal and slightly
negative valence.

nicate emotions, audio features, or the selected concept. The aesthetic contribution
of the features was also considered during the prioritization.

5.4.4.1 Must Have Features

5.4.4.1.1 Travel Illusion Particles To sell the illusion of movement particles
need to spawn behind the view frustum and move into the scene at a constant pace.
The pace could be determined by the song’s tempo which would utilize natural
mapping since faster songs would also move faster and vice versa. The particles
should spawn at random locations at semi-random intervals and move on the z-axis
away from the camera. Which would create the illusion of movement. The particles
could be created from planes to minimize the number of polygons in the scene.

5.4.4.1.2 Determine Color The results from the focus group underline the
importance of colors and the affect estimations will determine the range of colors
used in the scene. An algorithm based on the affect values was required which
selects, hue, brightness, saturation, and variations of colors. Ideally, the algorithm
would select a range of suitable colors.

5.4.4.1.3 Determine Shape Affect values could determine what kind of shapes
are used in the scene.

5.4.4.1.4 Essence Shape The essence shape was imagined to be a central point
of the visualization. It could be an object with multiple layers varying in opacity
which could communicate the density of the object. Sad songs would be presented
as more compressed while aggressive and happy songs would be seen as more spread
out and airy. The object’s size could be mapped to the loudness of the song.

5.4.4.1.5 Radiation Behaviour The essence shape could radiate smaller ob-
jects and the way in which these radiating particles move through space could be
dependent on affect values. Emotions described as soft and wavy could have parti-
cles move in a sine wave while emotions described as jerky could have a triangular
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movement trajectory. Radiation particles could also have their own emission. Visu-
alizations with high "aggressiveness' should be more unpredictable which will affect
how the direction of the particles is determined,

5.4.4.1.6 Spawn and Despawn Objects A function for spawning and despawn-
ing objects was required. Failing to despawn objects would severely affect perfor-
mance.

5.4.4.2 Should Have Features

5.4.4.2.1 Basic Materials Basic material controls how light would be reflected
on the surface of the object and could be used to create the illusion of hard metallic
objects. Affect values would control the type of material that is used for the objects
in the scene. Materials should be created before rendering to increase runtime
performance.

5.4.4.2.2 Fog Affects values would determine the amount and color of the fog
in the scene.

5.4.4.2.3 Responsiveness Speed Affect values would determine how reactive
objects are and how fast they respond to audio events. This could be done by
varying how often the transformations are updated.

5.4.4.2.4 Essence Shape Hover Movement A hover effect of the essential
shape could make the visualization feel less static which would aid the illusion of
moving through space.

5.4.4.2.5 Distortion Shape Three.js is not a modeling software, however, it
would be possible to utilize mesh manipulation to create interesting shapes. De-
forming objects dynamically in tune with the auditory features of the scene could
help communicate the "pointiness" of objects and contribute to the aesthetics of the
scene.

5.4.4.2.6 Derivable Changes By deriving the mean of a sequence of real-time
audio values it would be possible to track how the song changes over time. For
example, a song might have quiet and loud segments, and utilizing a derivative
could aid in tracking the dynamics of the song.

5.4.4.2.7 Trail effects Trail effects behind moving objects could be added for
aesthetic purposes.

5.4.4.2.8 Firework/Explosion Creating a function that could spawn objects
in a fireworks/explosion-like display could contribute to the aesthetics of the visual-
izer.

41



5. Process

5.4.4.3 Could Have Features

5.4.4.3.1 Post Processing Post-processing effects such as bloom would surely
contribute to the aesthetics of visualization, however, they were assessed to be com-
putationally heavy and would only be added if time was available and the effect on
performance was negligible.

5.4.4.3.2 Optimization Optimization of the code and rendering could be con-
ducted if time was available.

5.4.4.3.3 Loading Bar When uploading a song the affect estimation takes a
few moments to classify the song, and a loading bar could inform the user that the
information is being retrieved.

5.4.4.3.4 Interface Creating an interface in which the user can toggle the dis-
play on or off would benefit the immersion and usability of the application.

5.4.4.3.5 Usability The general usability of the application would not be a
priority but would make the application more enjoyable, such as being able to re-
upload a song without refreshing the page.

5.4.4.4 'Wont Have Features

5.4.4.4.1 Interactability Due to the low amount showed interest in regard to
interactivity with the visualizer it was assessed that the visualizer should solely be
a passive experience.

5.5 Deliver Phase

5.5.1 Hi-Fi Prototyping

The Hi-Fi prototyping consisted of the realization of the MoSCoW requirements and
translating the mere concepts into a working prototype. A scrum-like methodology
was applied, where short sprints related to specific issues or requirements were pro-
cessed in a methodological fashion. The tickets were managed in order of importance
with a few exceptions, which I will comment on below. With that said, the Hi-Fi
prototyping was highly iterative, and many implemented features were tweaked con-
tinuously, refined, and altered until the end of the development phase. The aesthetic
profile as well as performance optimization was to some extent discovered during
the development when iterative testing and problem-solving commenced. Due to the
fact the previous Lo-Fi prototypes didn’t manage to capture all the essential features
of the visualizer, such as audio and movements, which also led to completely new
never before thought of features. For clarity, each discrete block of features will be
presented in isolation even though overlap and iterative backtracking were ingrained
in the process. The features below are presented in roughly the order in which they
were developed.
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Figure 5.12: The initial environment.

5.5.1.1 The Starting Point

While this environment looks simplistic it remained the fundamental backbone of
the project. Major changes were made to the 3D components of the scene and slight
changes were made to the interface. The affect estimation and real-time processing
were for the most part kept completely constant during the project. Changes to the
affect estimation parameters would alter the components built on top of it. Slight
calibration of the real-time audio extraction was made in regards to the low pass-
filtering Meyda instance where the low pass filter was lowered to 100Hz, from 200Hz.

When development commenced the 3D scene was wiped clean so that new compo-
nents based on the gathered insights could be explored.

5.5.1.2 Travel Illusion Particles

Spawning particles would be crucial to create the illusion of traveling through space.
Simplistic plane geometry was selected for the particles to keep the polygon count
low. Early in the development, the particles changed colors as they traveled through
space but as more elements were added to the scene the particle color was changed to
an emissive white color. This reduced the visual noise of the scene. The particle’s x
and y position as well as rotation was randomized. The z position was set to always
be slightly behind the camera so that the particles never spawned directly in the
view frustum.

The particle had a default movement speed of 0.01, however, as a song was loaded
the movement speed was updated based on the tempo of the song. This was meant
to create the illusion that faster songs travel through space at a rapid pace, and slow
songs move leisurely. When a particle had traveled far enough into the distance to
barely be visible it was removed from the scene to reduce the number of unnecessary
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computations.

5.5.1.3 Determine Color

The results from the focus group denoted the importance of getting the colors right
for the scene. While the focus group exhibited patterns in how colors and emotions
could be associated it became clear that using mere one color would be insufficient,
both in terms of emotional communication but also in regard to aesthetic engage-
ment. To capture the emotional range, an algorithm was developed that generates
twelve parts color palettes. Color pallets with more than twelve colors were explored
but twelve parts were beneficiary since they could be mapped to the chroma array
which captures the twelve different pitch classes.

There are multiple ways to represent colors in code, for example, HSL, RGB, and
hex code. HSL stands for "hue, saturation, and light" and affords convenient manipu-
lation of each of these attributes. Since each of these attributes had been mentioned
in the focus groups as well as in previous research it would be necessary to have an
effective way to alter these features independently, and therefore HSL as a format
was valuable.

For each song, I selected a main hue and a complementary hue. To determine the
main hue, I calculated the atan angle of a point based on the highest values of ag-
gressiveness/relazedness and happiness/sadness. 1 used the atan angle of the lowest
values to determine the complementary hue. These atan angle values, together with
a hardcoded bias value, were used to determine the hue circle’s rotation, which in
turn influenced the hue’s input value in the HSL color. The rotation of the hue circle
in relation to arousal and valence was decided based on the insights I gathered from
the focus group.

Each color pallet sampled eight additional hues around the main hue as well as
two additional hues around the complementary color. The range of the sampling,
meaning the color variation, was determined by danceability, which slightly increased
the sampling range, as well as sadness, which slightly decreased the sampling range.

At one point during development, the main colors were used to denote the pitch
classes within the scale of the song and respectably the complementary colors de-
noted the pitch classes outside of the scale. This however resulted in five comple-
mentary colors instead of the previous three, which aesthetically made the visuals
look noisier, and to some extent, the main colors representing the song were per-
ceived to be less important. In addition, this system was based on the notion that
Essentia.js was able to classify key and mode accurately, however, this seemed faulty
at times. Therefore I reverted back to the previous system of nine main hues, and
three complementary hues.

Multiple ways were tested how to calculate saturation and brightness. Exploring
different calculations initially resulted in either too bright or too dark values for
colors. The most efficient and stable way to decide saturation and brightness was to
determine a range in which the values could reside, then use the minimum value as a
bias and the remaining range as a modifier. The saturation modifier was determined
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Figure 5.13: The x-axis denoted valence and the y-axis denotes arousal. In this
example, aggressiveness is higher than relaxedness and will therefore be used to
calculate the main hues, and the same goes for happiness since it’s higher than
sadness.

Figure 5.14: Calculating the atan angle given the point denoted by the aggressiveness
and happiness. 45 will be used as the hue value for the main central HSL color
function.
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Figure 5.15: Approximately within this range eight additional main hues will be
sampled. A high danceability value would extend this range.

Figure 5.16: An example of a color pallet where the song is in the key of G.

by "happiness' and the brightness modifier was determined by aggressiveness.

Each of the twelve colors in the pallet represents one chroma, starting with the main
central hue and the tonic in the track scale.

The background color was initially set to the same color as the main central hue
but was over time changed to a highly shaded version of the main hue to better
represent a trip through the darkness of space.

Over all other features and aspects of the application, colors were by far the one
aspect that was tweaked the most.

5.5.1.4 Essence Shape

The central shape, "Essence Shape", was meant to represent the core of the particular
song. Initially, the essence shape was supposed to be represented by a static variation
of one of the basic Three.js shapes but vertex manipulation was investigated early on
which open up more possibilities. An icosahedron was used to represent the default
essence shape, and a basic formula utilizing all affect estimates was used to determine
the number of vertices. For example, aggressive sad songs would yield rougher
shapes, while calm happy songs would create a more detailed round icosahedron.
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By using gradient noise to control the vertices of the essence shape more intricate
shapes could be created. In addition, fluid motions were created by using 4D simplex
noise, where the fourth degree controls how the noise changes over time. By using
the real-time audio feature RMS as the input of the fourth dimension the traversal
through time got controlled by the energy level of the song. This resulted in a
shape that responded to changes in the music. The pace of RMS traversal was also
multiplied by the mean of aggressiveness and danceability, which entailed that highly
aggressive and danceable songs have made an essence shape that was fast-moving
and reactive. RMS was also used to alter the size of the essence shape.

The danceability was used as a seed for the noise algorithm which entailed that the
song will always have the same unique starting position.

Slight rotation was added to the essence shape to make it look more like a comet
moving through space.

5.5.1.5 Post Processing

Post-processing was meant to be implemented at the late stages of development
if the time plan afforded it. However, post-processing was anticipated to be com-
putationally heavy, so it moved to the forefront of development. If performance
dropped too much the effects could simply be removed, but if they did not affect
performance they were determined, to more, accurately depict a final visualization
which would aid development. Three.js afforded a great way to implement basic
post-processing effects an "effectVignette', "bloomPass"' and "afterImagePass" was
added to the scene without limiting performance. The effectVignette pass added
darkened borders along the outline of the scene, which contributed to the immer-
sion. The bloomPass brightened certain already bright areas of the scene to make
them bleed light beyond their natural borders. This effect had to be tweaked each
time lights or emissions were altered, however, it made a great contribution to the
aesthetics of the scene. The afterlmagePass pass created fading traces of moving
objects which also made a huge contribution to the final product, in particular in
regards to conveying the illusion of traveling through space.

A brief dark fog was also added to the scene to make objects disappear in the
distance. The fog density was altered by the happiness, so happier songs had a
slightly less dense fog.

5.5.1.6 Radiation Behaviour

In addition to the main essence shape, the scene required a secondary prominent
visual feature, and having shapes radiate from the center was determined to be a
good fit, and it would also mimic some of the characteristics of more well-known
audio visualizers. The focus group repeatedly brought up waves so a sine wave
seemed like a perfect match to control the radiation movements. Overtime triangle
waves were added for sad and aggressive songs to incorporate sharper angles and a
measure of unpredictability.

Initially, the radiation only moved on the x-and y-axis but to utilize the 3D nature
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Figure 5.17: Early sine wave radiation tinkering.

of the scene the z-axis was added. Having objects move towards the camera was
engaging but quickly managed to feel noisy. Having objects travel away from the
camera would, on the other hand, utilize the 3D aspect and could, in addition,
communicate the temporal history of the song in an intriguing way.

The shape of the radiation was determined in a similar manner to the essence shape,
whereas aggressive songs had rough pointer shapes and calm songs had rounded
shapes. Radiation circles spawned when a beat was detected, meaning when the
energy in the low-frequency band reached a set threshold. The threshold was de-
termined by the mean of the detected peak RMS multiplied by 0.9 and a mean of
the latest 1000 RMS values. This ensured that the threshold would be responsive
and suited for each unique song. To control performance the radiation function was
passed through a throttle function, which controlled the rate at which the function
could be called, and a value of 500ms was set. When the function fired the radius
of the spawned objects was determined by the RMS, meaning loud sounds spawn
larger shapes. For each chroma value that surpassed 0.95 at the time of the function
call additional colors were added based on the color pallet and the chroma indices.
This made it possible to differentiate the pitch classes in each beat.

In the early drafts and sketches, the essence shape was imagined to travel passed
planets which in themself represented certain events of the music. This concept
was only briefly explored but deemed to infer with the radiation shapes and the
aesthetics of the visualizer.

5.5.1.7 Data Set

To be able to tweak parameters and customize the visualizer to match sentiments I
needed a corpus of songs and data. It would be impossible to test all combinations
of affect estimates so instead I created a data set that could be sorted to find songs
with prominent attributes, which could be used as guidelines in the design.
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Figure 5.18: A more developed version of the radiation aesthetics.

Figure 5.19: This type of radiation behavior was determined to be disorganizing.
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Figure 5.20: A side view of the visualization. Note that the z-axis showcases the
temporal aspect of auditory events that took place in the past.

25 royalty-free songs were gathered from the site Pixabay [70]. Each of the five affect
estimate values was used as a search tag on the site and for each tag five songs were
selected and downloaded at random. The songs were then passed through the affect
estimation model and their respective affect values were recorded in a spreadsheet.
This made it possible to sort songs based on particular affect values and by that
isolate features or attributes. While some songs might have similar relazedness and
sadness values it does not mean they will behave in the same mannerism since
additional parameters such as RMS have a grand effect on the outcome. This data
set was mostly used to calibrate colors.

A handful of popular songs were bought on iTunes [71] and passed through the
visualizer to estimate the effectiveness of the visualizer. The preconceived emotional
engagement to these well knows songs aided in determining how far off the mark
the visualizer was.

5.5.1.8 Developer Mode

The Essentia.js estimation could at times, take a couple of moments to load, es-
pecially when classifying longer songs. Two ways to run the program were set up.
The first was the unaltered pipeline where Essentia.js computed the affect values
and iniated Meyda and the 3D scene when loading was finished. The second way
to run the application simply preloaded affect estimates for predetermined songs,
which made it possible to surpass the loading of the Essentia.js. This became a
huge time saver and made it possible to iterate and tweak minor details at a much
faster rate. The preloaded data in itself could also be manipulated to investigate
the affect values effect on the visualizer.
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Figure 5.21: The dataset with the royalty-free Pixabay music. The song selection is
available in the Appendix (Appendix A.2).

5.5.1.9 Basic Materials

The focus group denoted the density variation among emotions. While colors are
of great importance it was also crucial to control how light reflects off the objects,
to convey how solid and dense the objects were to be perceived. Initially, not much
thought was put into this but as the development proceeded more modern aesthetic
was brought up as feedback when showcasing the progress to other designers. The
roughness and metalness properties of Three.js materials were investigated but were
insufficient to convey the density of the objects in the scene. Therefore the addition
of textures got involved. Nine textures, with normal and height maps, simulating
materials with a range of roughness were trialed, from a rough corroded surface to
a smooth paper surface.

The texture heightmaps can in isolation contribute extensible to create a modern aes-
thetic. However, heightmaps require shapes with an extensive amount of polygons
to work properly. In the case of this visualizer, the polygon count of each radi-
ant shape was kept to a minimum, which in turn rendered height maps unusable.
Without heightmaps, some of the tested textures simply didn’t look pleasing.

Utilizing the normal map of the paper texture in conjunction with affect responsive
metalness and roughness values proved to be the best all-around option. Some
textures looked strange when put on spheres, with clearly visible streeks, and distinct
color changes however the sleek nature of the paper texture added a subtle but
welcomed dimension to the scene. By varying the material roughness and metalness
values the objects could mimic the reflective properties of a range of values such as
crystal, steel, and rubber.
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5.5.1.10 Reactivness

The focus group participants denoted reactiveness as an important characteristic of
emotions and the visualizer. Emotions such as aggressiveness were described to be
jerky and highly responsive to the changes in the music and sadness was described
as a more careful evolving display. Much of the visualizer was controlled by the real-
time RMS values, however, RMS can jump rapidly between high and low values
which could result in jerky animations. To counteract this a mean of the n latest
RMS values was calculated which would ensure a continuous smooth animation.
The amount of RMS values used to calculate the RMSmean was determined by
relaredness so that calmer songs became slightly less responsive. Responsiveness
was still kept high to create a connection between the music and spatial components.
When the RMSmean value was developed it replaced most other instances of RMS
used in the application, such as the RMS values used to control the essence shape.

5.5.1.11 Lights

Several different versions of lights were tested during the design iterations. From the
inception, the lights used for the scene had different colors but as the color template
got more advanced it became difficult to balance the hues. Therefore the default
white light was the most sensible. Four different light sources were used, ambient,
directional, and two point lights. Ambient light simply increases the brightness of
everything in the scene and was set to a minimal value. The directional light was
positioned high on the y-axsis to mimic the atmospheric light from above. One point
light was placed slightly above and behind the view frustum to add a slightly angled
light source. The second point light was placed at the center of the essence shape
to make it radiate light to the surrounding objects. The light intensity of the point
lights was controlled by happiness so the happier songs had brighter lights.

Shadows were only briefly explored and not really fleshed out in this visualization.
The involvement of shadows could have contributed to the visuals.

5.5.1.12 Camera Movement

Initially, the visualization only consisted of the essential shape and naturally the
camera was placed in close proximity to it, but as more objects were added to the
scene the camera was moved back. Two camera options were then determined, one
very upfront to the center of the scene and one more encapsulating far-off view.
Eventually, movement based on RMSmean was added to the close-up camera which
was meant to create a cinematic experience. The closeup camera in conjunction
with its animations made use of the 3D capabilities of the scene while the far-off
view had similarities to a 2D visualization.

5.5.1.13 Interactability

Interactability was deemed to be a very low-priority feature and while no conscious
interactable capabilities were developed for the users, some interactable features
were implemented. Buttons for hiding the hud, changing the camera position, and
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disabling the frequency wave were implemented. These options made it possible to
slightly customize the visualizer and were seen as quality-of-life improvements. To
create a more immersive experience the buttons were also programmed to disappear
if the user idle for five seconds.

In addition, orbit control was added to the scene, which affords the user to zoom
as well as move the camera freely with the mouse. This was initially used as a
developer tool when customizing the 3D scene but after consideration, it was left in
since it can be compelling to explore the scene from different angles. The user can
also press the camera button to revert back to one of the two main views.

5.5.1.14 Moon Object

The visualization managed to showcase the temporal history, energy, beats, and
chroma but struggled to showcase the behavior of different bands/frequencies. A
tiny sphere orbiting the essence shape like a moon was created to convey some
frequency information. The idea was to divide the frequency spectrum into five
bands and derive which of the bands changed the most in close temporal proximity,
and based on that make the moon object behave in different ways. Some effort was
put into this but the main setback was that it was difficult to make the tiny object
matter in the context of the visualizer. Both the object’s size, movement pattern,
and light emission were tested but one of these parameters was deemed significant
enough to be pursued. The moon object was left in but its orbit is simply mapped to
RMSmean. Given more time exploration into how to utilize the frequency spectrum
would be a main priority.

5.5.1.15 Frequency Wave

As a reaction to the troublesome quest to implement a subtle way to showcase
frequency, I went with a more direct approach and visualized the whole audio buffer.
The buffer is an array of 512 values that represent a snapshot of the audio signal,
and by mapping these values to the y-value of objects I create a representation of the
audio signal. To dress up the visualizer the array was divided into segments where
the even indexes were put on the bottom of the screen and the uneven indexes were
put on the top of the screen. At first, the buffer wave was put in the middle of the
screen but this made the scene look very crowded so filling up the already empty
space of the scene was a cleaner procedure. The elements were at first created by
low polygon spheres but were later changed to simple plane geometry to optimize
performance. A button option to disable the signal wave was also implemented.

5.5.1.16 Interface and Usability

During the runtime of the development, minimal effort was placed on the Head-Up
Display (HUD) elements and the styling of the associated interface. The HUD was
used as a convenient way to present the values of importance during development.
Since the option to hide the HUD was implemented the display of affect and audio
features were left untouched in the HUD. It’s hypothesized that users might even
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Figure 5.22: The view of the visualizer when an audio file has been uploaded and
affect estimates are being extracted.

find it interesting to get access to the affected values of the songs they upload to
the application.

The usability of the application is rather barebones. The user can upload a song,
control a player and manipulate some basic HUD elements. More attention to the
interface design would aid usability. A user also needs to reload the page to upload
another song which is far from an optimal solution. In addition, when uploading a
song, it takes a few moments to extract the affect values of the song. To counteract
this and communicate that the application is running and computing behind the
scenes | developed a loading bar. The loading bar has twelve segments and refreshes
when certain milestones in the Essentia.js extraction are reached.

The development of this visualizer focused on the 3D scene and the means to com-
municate affect, however, more attention to detail in regard to the interface and
usability would be of high importance if the fidelity would increase further.

5.5.1.17 Optimzation

The application was built with low requirements of computational resources to be
able to run on a variety of computers. To minimize frame rate drops some opti-
mizations in regard to performance were kept in mind during the development. The
following measure was taken to increase the performance of the application:

« Despawning objects that moved too far away from the camera.

o Keeping the polygon count low by using low-detail objects, as well as
planes when 3D objects are not necessary.

e Implementing a throttle function to control the frequency of radiation
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objects spawning.

e« Model the design to keep the number of objects low. Some design
choices, such as the number of waves radiating from the center, were solely de-
pendent on the performance of the application. The final amount of radiating
waves where about a fourth of the value that was initially set.

o Utilizing the tools provided by Three.js when available, such as trans-
lating groups of objects instead of moving each object separately and utilizing
the built-in Three.js shaders for post-processing.

o Preloading textures and materials before starting the visualization to
reduce load times.

e Avoiding shadow calculations which can be computationally intensive and
negatively impact performance.

« Removing console operations during runtime to minimize unnecessary
overhead and improve performance.

While these measures were to some degree successful in keeping a balanced framerate,
I'm not claiming this application to be optimized or that it utilized best practices
of 3D rendering.

5.5.1.18 Aesthetics

Throughout the project, the insights gleaned from the literature review and focus
group analysis provided a solid foundation for the aesthetic profile of the visualizer.
However, the design and development process relied heavily on the creativity and
intuition of the designer’s first-person perspective. As the project evolved, the initial
concept was refined through numerous iterations, with the team exploring multiple
paths and solutions. Although feedback from colleagues and associates was occa-
sionally sought for valuable input, external assistance was not always feasible for
each design decision. As a result, I relied heavily on my own intuition and expertise.
While some solutions were discarded simply because they subjectively didn’t look
aesthetically pleasing, others were pursued due to biases and inclinations towards a
particular design aesthetic.

It also became apparent that compromising in regard to aesthetics was inevitable.
For example, songs with different affect values were used as references when mod-
eling the color pallet algorithm. The algorithm was tweaked until it matched the
reference songs, the empirical insights, and the designer’s preferences. At a later
moment, another song was trialed and didn’t seem to fit the color pallet as well.
Compromising was necessary and the algorithm was then recalibrated to take this
into account. It is truly a wicked problem and a monumental task to try to manually
calibrate a color pallet algorithm that fits every song in every genre.

As an additional caveat, the uniqueness of each visualization became a factor. While
the real-time audio features would be unique for each song, the building blocks and
affect estimates that constituted the majority of the scene’s main attributes could at
times be rather similar. A truly one-of-a-kind aesthetic for each visualizer would be
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preferable. Itook some liberty in pursuing uniqueness, for example, by implementing
opacity under specific affect conditions; however, this was not fully explored.

5.5.1.19 Clean Up, Comments and Publishing

As the project commenced the code was constantly being committed and pushed to
the project repository on GitHub. Towards the end of the development, more atten-
tion was put on code readability so that other developers can utilize the repository.
Some code blocks, such as the creation of the main materials array, were rewritten
for the sole purpose of making the code less bloated. A pass to make sure the code
followed the established naming conventions and had sufficient comments were also
conducted. To finalize the publishing of the code a README-file was created which
gave credit to the libraries involved and gave brief instructions on how to run the
application.

5.5.1.20 What I Didn’t Do

For the most part, I managed to implement the tickets that were created during
the MoSCoW analysis. As iterations commenced and became more ingrained some
of the previously highly anticipated features became obsolete, such as the concept
of involving passerby planets, and in exchange, some new features were discovered
along the way.

A number of features and improvements were discovered but due to lack of time,
they did not make the cut. The following features or changes are estimated to
improve the visualizer:

e Sophisticated shadows and graphics can add a touch of modernity to the
render, elevating its visual appeal.

» Varying textures and materials can convey the density of objects more
effectively while adding an element of visual interest to the scene.

e Including timbre and frequency bands can introduce highly prominent
audio features that are currently missing from the visualization, enhancing its
overall impact.

o Computing song dynamics, such as novelty, can track how the song evolves
over time, resulting in a more progressive and compelling visualizer.

* Reducing load times while uploading a song can improve the application’s
usability, making it more accessible to users.

« Revamping general usability, including the interface, can bring tremen-
dous value to the application, making it more user-friendly and intuitive.

e Optimizing performance can significantly enhance the application’s capa-
bilities, enabling the inclusion of features like height maps and higher polygon
counts.
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e More variation would prolong the novelty effect and create a more substan-
tial engagement over time.
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Results

6.1 The Final Design

The project resulted in an application that can process audio files uploaded by
the user, extract affect estimates, and output an abstract 3D visualization that is
calibrated to represent the emotional content of the audio. The affect values and
real-time features which are unique to a particular audio file determine a range
of parameters. The manipulable parameters include colors, shapes, movements,
materials, post-processing effects, cameras, and lights.

This scene is designed to simulate a journey through the galaxy, with a morphable
shape at its center transmitting radiation in a vivid and multicolored display. The
central shape transforms dynamically, responding to changes in the energy level of
the accompanying music. When a beat is detected, radiation waves are generated,
with their hues determined by the active pitch classes. This radiation moves in
response to the song’s energy, initially traveling towards the sides before receding
away from the camera to create a sense of depth and facilitate the differentiation of
previous song events.

In the following sections, I will account for the final design of the visualizer and
how the affect values and real-time audio features influenced the visualizer. Note
that I report the implementation in an abstract manner and do not extensively
elaborate on how the affect estimates and audio features were coded. Figure 6.1
showcases an example of how the code implementation was realized, however, for
further elaboration, I refer to the code repository [72]. Also, note that the static
images used in this report may not fully encapsulate the dynamic and interactive
nature of the visualizer; review the repository [72] to attain a holistic and immersive
representation of the visualizer’s design.

6.1.1 The Mapping of Affect Values

6.1.1.1 Happiness

The happiness affect value has a significant impact on the visualization, imbuing
scenes with a bright, soft, and vibrant aesthetic. Figure 6.4 showcases an example
of how the visualization represents a song with a high happiness-value. Happiness
made the following contributions to the aesthetic profile:
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Figure 6.1: A code example where mood predictions are used to manipulate material
properties.
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Figure 6.2: Two zoomed-out examples of the final visualizer.
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Figure 6.3: Two zoomed-in examples of the final visualizer.
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o Introduced bias towards the usage of orange, yellow, and green hues.
o Made colors more vibrant by increasing saturation.

e Increased the number of vertices used for the essence shape and radiation
geometry.

« Favoured the usage of a sine waveform.

e Determined the amount of fog in the scene.

e Determined the intensity of light sources.

o Decreased the vignette post-processing effect, making the scene brighter.

e Determined material parameters, such as reflectivity properties metalness, and
roughness, as well as material emission.

6.1.1.2 Sadness

The affect value of sadness can have a profound impact by infusing scenes with a
solid, slow, and dark aesthetic. Figure 6.5 showcases an example of how the visu-
alization represents a song with a high sadness-value. Sadness made the following
effects on the aesthetic profile:

o Introduced bias towards the usage of blue and purple hues.
o Decreased the range of which colors could be sampled.

e Increased the number of vertices used for the essence shape and radiation
geometry.

o Favoured the usage of a sine waveform.
o Increased the vignette post-processing effect, making the scene darker.

e Determined the clearcoat material property.

6.1.1.3 Aggressivness

The aggressivness affect value can transform a visualization by making it more re-
sponsive, faster, sharper, and less predictable. Figure 6.6 showcases an example of
how the visualization represents a song with a high aggressivness-value. Aggressiv-
ness made the following contributions to the aesthetic profile:

o Introduced bias towards using purple, red, and orange hues.
o Increased the color brightness.
o Increased the morphing speed of the essence shape.

o Decrees the number of vertices used for the essence shape and radiation geom-
etry.

» Favoured the usage of a triangle waveform.
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Figure 6.4: Ordering the data set by happiness this song (agg2) was the the highest
rated.
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Figure 6.5: Ordering the data set by sadness this song (relax5) was the the highest
rated.
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e Determined the clearcoat material property.

6.1.1.4 Relaxedness

The relaxedness value made the scene softer and less responsive. Figure 6.7 show-
cases an example of how the visualization represents a song with a high relazedness-
value. Relaxedness made the following contributions to the aesthetic profile:

o Introduced bias towards using blue and green hues.

e Increased the number of vertices used for the essence shape and radiation
geometry.

e Determined the material opacity.

« Control responsiveness by varying determining the number of values needed
to determine rmsMean.

6.1.1.5 Danceability

The danceability affect value affected the visualizer by inciting movement and in-
creasing color variation. Figure 6.8 showcases an example of how the visualization
represents a song with a high danceability-value. Danceability made the following
contributions to the aesthetic profile:

The danceability-value was used for the gradient noise seed, which controlled
the essence shapes initial shape.

Controlled the speed of radiation movements.

Increased the morphing speed of the essence shape.

Increased the range in which the color pallet was sampled.

6.1.2 The Mapping of Beats Per Minute and Musical Key

6.1.2.1 Beats Per Minute

BPM controlled several parameters related to speed, to connect the pace of the
music with the pace of the music. Among these were:

o Controlled the speed and rotation of the radiation objects.

o Controlled the speed of the particles.

6.1.2.2 Musical Mode

The musical mode was solely used as a binary value that was to select specific secret
options. Among these were:

o Determined the direction of the spiral/the radiation when it travels into the
distance.

o Determined the variation of sine wave/triangle wave used.
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Figure 6.6: Ordering the data set by aggressiveness this song (aggb) was the the
highest rated.
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Figure 6.7: Ordering the data set by relazedness this song (sad3) was the the highest
rated.
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Figure 6.8: Ordering the data set by danceability this song (danceb) was the highest
rated.
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6.1.3 The Impacts of Real-Time Values
6.1.3.1 RMS

Since RMS, and the derived value rmsMean, represents the energy of the music it
was used as the driving force of the visualizer and was involved in a range of features.
The following is a list of how RMS was involved in the visualizer:

e Determined the size of the radiation and essence shape.

o Controlled the morphing speed and responsiveness of the essence shape.
o Controlled the movement and rotation speed of the radiation objects.

o Controlled the movement speed of the zoomed-in camera.

o Controlled the moon object’s trajectory and movement speed.

o Used as a value for responsiveness.

e Determined the beat threshold.

6.1.3.2 Chroma

Chroma was simply used to determine which colors were used when the radiation
spawned.

6.1.3.3 Audio Buffer

The 512 discrete samples of the audio buffer were mapped to simple plane geometries
to create a real-time representation of the audio wave.

6.1.4 The Interface

The interface affords the user to drag and drop an audio file to start the visualizer.
The user is treated with a loading bar while the audio is being processed. The
user can control the audio player and the visualization responds accordingly. For
example, if the music is paused the visualizer stops. The interfaces showcase the
unique color pallet, affect estimates, and real-time features. The user can hide the
buffer wave and interface display as well as jump between preset camera views. In
addition, the user can control the camera with the mouse to explore the visualization
through different angles. The buttons will disappear if the user idles for over five
seconds.

6.2 Summative Evaluation

6.2.1 Objectives and Aims

The creation of the music visualizer was successful in visualizing music using ab-
stract means, which was the primary goal of the project. Nonetheless, the true
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Figure 6.9: The visualizer with the interface displayed.

potential and effectiveness of the visualizer remained unknown. Therefore, a sum-
mative evaluation was conducted to assess its performance. The prototype under-
went a summative evaluation to determine its ability to convey affect, and valuable
feedback was gathered from stakeholders. The insights gained from this evaluation
could prove crucial in refining future iterations of the visualizer.

6.2.2 Design

The summative evaluation took the shape of an experimental survey. The survey
was a quantitative-qualitative hybrid since it involved both qualitative measures and
free text inputs. The experiment had a within-subjects design since all participants
were subject to each condition. The Latin square counter-balancing method was
applied to minimize order effects. The experiment had one independent variable
(the variation of visualization), with four levels. The visualizations were selected by
ordering the data set based on the Essentia.js affect values (aggressiveness, sadness,
relaxzedness, happiness) and choosing a visualization that exhibited high values in
the specific affect of interest, while also being visually distinct from other conditions.

Condition Song Sadness Happiness Relaxedness Aggressivness

1 agg?2 0,99 0,05 0,97 0,04
2 sad3 0,98 0,31 0,73 0,04
3 relax1 0,43 0,58 0,55 0,59
4 dance4 0,19 0,86 0,41 0,82

Table 6.1: Affect estimates for the songs used in the summative evaluation.

The experiment had six dependent variables, Positive Activation (PA), Negative
Activation (NA), Valence, Arousal, Fitness, and Approval. The (a) Positive Affect
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Figure 6.10: Left: Condition 1 showcased the visualization for the song "agg4'.
Right: Condition 2 showcased the visualization for the song "sad3".

Figure 6.11: Left: Condition 3 showcased the visualization for the song 'relax1".
Right: Condition 4 showcased the visualization for the song "dance4".

(PA) scores are obtained by subtracting the sum of Low PA items (bored, vegetated)
from the sum of High PA items (energetic, peppy), (b) Negative Affect (NA) scores
are obtained by subtracting the sum of Low NA items (relaxed, calm) from the sum
of High NA items (fearful, angry), (c) Valence scores are obtained by subtracting the
sum of Negative items (sad, hopeless) from the sum of Positive items (happy, satis-
fied), and (d) Arousal scores are obtained by subtracting the sum of Low Activation
items (inactive, sleepy) from the sum of High Activation items (alert, surprise). No-
tably, a 7-point Likert scale was used in this study, resulting in a range of -12 to 12
for the maximum and minimum values on these dimensions. Fitness and Approval
were simply determined by explicitly nominal questions. Quantitative data were ob-
tained by querying participants on potential improvements to the music visualizer
in terms of its ability to communicate affect and enhance its aesthetic profile.

Four hypotheses were developed based on a combination of factors. The visualiza-
tions were created using affect estimates from Essentia.js, which closely aligned with
the constructs of arousal and valence. The focus group data was utilized to make
informed decisions about how to construct the visualization. These two factors to-
gether formed the basis for the formulation of the four hypotheses. The reasoning
was that the affect estimates would be conveyed through the visualizations so the
PANAS ratings would be predictable. Hypotheses 1, 2 are based on the notion that
the visualizations with a particularly high affect value will result in the complemen-
tary high PANAS rating, such as:

o High Aggressiveness ~ High Arousal

o High Relaredness ~ Low Arousal
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o High Happiness ~ High Valence
o High Sadness ~ Low Valence

Hypotheses 3 and 4 propose that the powerful combination of unique affect estimates
and the real-time capabilities of the visualizer makes a strong connection between
the visuals and audio as well as a likable impression.

Hypothesis:
e HO:The variation of music visualization has no effect on the PANAS Ratings.

o H1: Visualization 1 and Visualization 4 will, respectively, elicit a significantly
higher degree of perceived arousal than Visualization 2 and Visualization 3

o H2: Visualization 2 and Visualization 3 will, respectively, elicit a significantly
lower degree of perceived valence than Visualization 1 and Visualization /

o H3: The majority of participants will report positive fitness ratings for all
visualizations.

o HY: The majority of participants will report positive likability ratings for all
visualizations.

6.2.3 Material

The chosen songs were subjected to the visualizer, and 20-second clips from the
beginning of each song were screen recorded using Windows Game Bar [73]screen
recording. The video included sound and was recorded in 30 fps, however, due to
the lack of computational power the frame rate drops occurred in the visualizations.
Additionally, muted versions of these clips were also created using the free video
editing software VideoProc Vlogger [74] and uploaded to YouTube. The survey
platform that was utilized for the study was Survio [75], due to its European Union
(Czech Republic) location and its ability to support full-screen video embedding.
Four variations of the survey were created with varying condition orders based on
the Latin square method. Using the redirection service Nimblelinks [76] a link was
created which distributed the participants evenly to each survey variation.

6.2.4 Participants

Participants were recruited through convenience sampling on Facebook [77] and
LinkedIn [78], and in total 16 participants participated in the survey.

6.2.5 Procedure

Upon entering the survey, participants were given an introduction to the study and
provided with information about confidentiality, data handling, risks, and participa-
tion agreement. Participants had to acknowledge their participation consent. The
study was divided into four visualizations, each of which had two sections: the first
section focused on perceived emotion, while the second section focused on fitness, ap-
proval, and qualitative feedback. In the first section, participants watched a muted

73



6. Results

version of the visualizer and rated 16 statements based on the PANAS measures
[46], using a seven-point Likert scale. They rated terms such as alert, surprise, en-
ergetic, peppy, happy, satisfied, relaxed, calm, inactive, sleepy, bored, vegetated,
sad, hopeless, fearful, and angry. In the second section, participants watched the
same video as before but this time with the audio active. They were then asked
if the visualizer suited the emotional content of the music and whether they liked
the visualizer. To collect qualitative data, they were asked for suggestions on how
to improve the emotional communication of the visualizer, as well as how to make
it more appealing. Once all four visualizers were evaluated, the participants were
thanked for their time and engagement.

The results gathered were processed in a spreadsheet and the PANAS scores were
calculated; a statistical analysis using SPSS [79] was conducted to identify potential
effects. Fitness and Approval were determined by the distribution of "yes" and "no"
responses. The qualitative data went through a brief thematic analysis, to extract
the valuable insights of the feedback.

6.3 Results of the Summative Evalaution

A multivariate analysis of variance (MANOVA) was conducted to examine the effects
of visualization variation (IV) on the PANAS scores (DVs). The analysis revealed
a significant multivariate effect for Wilks’ lambda (p < 0.001) which led to further
analysis.

6.3.1 Arousal Results

The visualization variation had a significant effect on Arousal (DV1), F(3, 12) =
20.136, p < .001, 2 = 0.50. Further post hoc pairwise comparisons using Tukey’s
Honestly Significant Difference (HSD) test indicated that there were significant dif-
ferences between Condition 2 Arousal (M=-6.19, SD=3.99) and all other conditions
respectively; Condition 1 Arousal (M=3.31, SD=4.35), (MD = -9.50, SE = 1.534, p
< 0.001, 95% CI [-13.55, -5.45]); Condition 3 Arousal (M=3.25, SD=5.36), (MD =
-9.44, SE = 1.534, p < 0.001, 95% CI [-13.49, -5.39]); Condition 4 Arousal (M=4.00,
SD=3.43), (MD = -10.19, SE = 1.534, p < 0.001, 95% CI [-14.24,-6.14]).

6.3.2 Valence Results

The visualization variation had a significant effect on Valence (DV2), F(3, 12) =
15,380, p < .001, 2 = 0.44. The pairwise comparisons indicated that there were
significant differences between Condition 2 Valence (M=-4.75, SD=4.98) and all
other conditions respectively; Condition 1 Valence (M=3.88, SD=4.15), (MD = -
8.63, SE = 1.66, p < 0.001, 95% CI [-13.01, -4.24]); Condition 3 Valence (M=3.75,
SD=4.30), (MD = -8.50, SE = 1.66, p < 0.001, 95% CI [-12.88, -4.12]); Condition 4
Valence (M=5.37, SD=5.25), (MD = -10.12, SE = 1.66, p < 0.001, 95% CI [-14.51,
-5.74]).
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6.3.3 PA Results

The visualization variation had a significant effect on PA (DV3), F(3, 12) = 16.384,
p < .001, 2 = 0.45. The pairwise comparisons indicated that there were significant
differences between Condition 1 PA (M=4.44, SD=4.91) and Condition 2 PA (M=-
3.35, SD=4.24), (MD = 8.19, SE = 1.48, p < 0.001, 95% CI [5.24, 11.14]), as well
as between Condition 2 PA and Condition 4 PA (M=5.75, SD=3.79), (MD = -9.50,
SE = 1.48, p < 0.001, 95% CI [-12.45, -6.59]). No significant effects were found for
Condition 3 PA (M=1.31, SD=3.65).

6.3.4 NA Results

The visualization variation, Condition 1 NA (M=-0.56, SD=6.00), Condition 2 NA
(M=-4.63, SD=5.71), Condition 3 NA (M=-4.44, SD=4.18) and Condition 4 NA
(M=-2.50, SD=5.49),dit not have a significant effect on NA (DV4).

6.3.5 Fitness Results

The survey results indicated that the visualizer was well-suited to the emotional
content of the music. Out of 64 total responses, 75% (n=48) reported that the
visualization matched the music.

Condition 3 had the highest rate at 100% (16 participants responded "yes', and 0
participants responded "no"), followed by Condition 2 with 81.25% (13 participants
responded "yes", and 3 participants responded "no"), and Condition 4 with 68.75%
(11 participants responded "yes", and 5 participants responded "no"). Condition 1
received the lowest approval rate with only 50% (8 participants responded "yes", and
8 participants responded "no") of the participants reporting that the visualization
matched the music.

6.3.6 Approval Results

Based on the survey results, the approval rate of the visualization varied across the
different conditions. Out of 64 total responses, 82.81% (n=48) reported that they
liked the particular visualization.

Condition 3 received the highest approval rate and 100% (16 participants responded
"'ves", and 0 participants responded 'no") of the participants reported that they
liked the visualization. Conditions 1 and 4 had similar approval rates of 81.25% (13
participants responded "yes", and 3 participants responded "no"), while Condition 2
had a slightly lower approval rate of 68.75% (11 participants responded "yes", and
3bparticipants responded "no").

6.3.7 Improvements Results

The participants in the study provided valuable qualitative feedback on how the
visualizations could be improved to better convey the emotional content of the music
and enhance their aesthetic appeal.
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6.3.7.1 Feedback on Visualization 1

Participants recommended using darker and harsher colors to better match the mu-
sic’s emotions, as well as introducing more chaos and randomness to the visualization.
They also suggested using sharper and stronger colors and asymmetrical visuals to
make it more visually appealing.

6.3.7.2 Feedback on Visualization 2

Participants highlighted the importance of representing chord changes, tones, and
rhythm to capture the music’s emotions. They recommended adding more interac-
tions between particles and objects, as well as introducing rain to enhance the visu-
alization’s impact. To make it more aesthetically pleasing, they suggested zooming
in on the visualization and creating better representations of different tones and
rhythms.

6.3.7.3 Feedback on Visualization 3

Participants suggested slowing down the movement of objects to better match the
music’s tempo and representing frequencies better, especially the bass. They also
recommended using engaging shader effects and letting objects move in from the
sides to enhance the visualization’s engagement and attractiveness.

6.3.7.4 Feedback on Visualization 4

Once again the visualization was missing representation of melody and specific in-
struments. The respondents wanted the visualization to move faster and use brighter
colors to better portray the music’s emotions. Both accounts of the usage of less
and more color were reported to make the visualization more aesthetically pleasing.
The visualization was reported to sync poorly with the music and have bleak colors,
which were aspects that brought down the visualization’s appearance.

6.3.8 Hypothesis

H1: Visualization 1 and Visualization 4 will elicit a significantly higher degree of
perceived arousal than Visualization 2 and Visualization 3

While Visualization 1 had a significantly higher arousal than Visualization 2 the
survey did not demonstrate any other predicted effects, and therefore the hypothesis
was rejected. The visualizer was not able to translate the affect estimates into a
visual representation of arousal.

H2: Visualization 2 and Visualization 3 will elicit a significantly lower degree of
perceived valence than Visualization 1 and Visualization 4

The results do not support the hypothesis, since only Visualization 2 demonstrated
a significantly lower degree of perceived valence. The visualizer was not able to
translate the affect estimates into a visual representation of valence.
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H3: The majority of participants will report positive fitness ratings for all visualiza-
tions.

The results support the hypothesis since 75% of the participants thought the visu-
alizer suited the emotional content of the music.

H: The majority of participants will report positive likability ratings for all visual-
1zations.

The results support the hypothesis since 82.8% of the participants reported that
they liked the visualizers.
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Discussion

7.1 Research Question
How can affect estimation be utilized in an abstract music visualization?

In this project, I successfully created an abstract music visualizer prototype us-
ing a unique combination of affect estimates and real-time data. I have documented
the process and final design and hope that it can serve as a reference for future
development in this field. As I progressed with the project, I came to a realization
that creating the visualizer was just one part of the equation. It was of equal impor-
tance to determine whether the visualizer would prove to be effective in its intended
purpose.

While it is possible to extract affect estimates and make informed design decisions
based on theory and empirical data, this does not guarantee that the visualizer
accurately represents the emotional content of a song. Emotions are extremely
complex, and visualizing them is a challenging task, given the subjectivity and
interpretation involved. Furthermore, music is also subjective, and participants’
genre and style preferences could influence how they interpret the visualizer.

In attempting to create a generalizable visualizer, I encountered the challenge that
emotions take different shapes in different genres. A classical piece like Prokofiev’s
"Dance of the Knights" can be viewed as quite aggressive in terms of classical music,
but it does not compare to any modern "hardstyle" track. Comparing affect values
across such different domains creates additional challenges. Although narrowing
the scope to a specific genre might have led to more subtle nuance, the project’s
ambitious breadth was what made it captivating.

My project highlighted visual characteristics of musical affect that merit further
investigation, such as "waviness," "responsiveness,” and "density," and their relation-
ship to different genres and musical dynamics. Although it was too ambitious to
extract rigorous guidelines for the aesthetics of musical affect, I believe that doing
so is necessary to create an effective visualizer.

It is worth noting that my project focused solely on perceived emotion, and I based
my design on the assumption that it would incite felt emotion. However, I cannot
make claims that the visualizer makes users feel a particular way. Nonetheless, the
fact that a majority of the evaluation participants mentioned that they liked the
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visualizer suggests that it can incite some form of enjoyment. More research is
needed to determine if the visualizer can enhance the experience of music.

The cross-modality of affect estimation and the integration of audio-visual repre-
sentation is a tricky topic since it is unclear how it is perceived and which sensory
stimuli, if any, dominate. Vision accounts for a significant part of our perception,
and it is possible that the visual elements of the visualizer affect how the emotional
content of music, as well as the overall experience of the representation, is inter-
preted. Conversely, it could also be the other way around, meaning that the music
influences the interpretation of the visuals. The goal was to create a multimodal
representation that combines different sensory domains into one entity that com-
municates the associated emotions through a merged experience. However, further
research is required to explore the influence of the sensory elements involved and
the causal relationship.

I want to address the project’s dimension of wickedness. My approach was to create
an affect-based visualizer, which was primarily based on the findings of the focus
group. I acknowledge that there are numerous ways to build a visualizer, and if
the project were to be reproduced, a different kind of visualizer could be developed.
I believe that this design is just one manifestation of the ideas gathered along the
way and that other researchers can use my lapses, findings, and knowledge for better
iterations. The manifestation is just one initial interpretation of the aesthetic profile
extracted from the focus group, but delving deeper into the discipline of visualizing
emotions could yield a better aesthetic profile which in turn would yield a better
visualizer.

7.2 Methodology Discussion

7.2.1 Focus Group Discussion

The focus group resulted in several important insights which became a fundamental
part of the subsequent design. However, there are several aspects of the conduction
of the study that should be addressed.

Due to limited resources, no note-taker was present during the study, which miti-
gated the possibility to analyze subtle interpersonal cues. By exploring the phenom-
ena of the visual appearance of emotions, I aimed to discover patterns. The nature
of the domain of emotions and how they are perceived and felt are riddled with
subjectivity, and a large variety of stances and characteristics of emotions were de-
clared. People can experience emotions in different ways. Due to the complexity of
the topic, it would have been beneficial to conduct additional focus groups to reach
theoretical saturation. In line with the essence of a wicked problem, the results of
the focus group and the associated sketches are estimated to be difficult to replicate.

During the focus group, the attention shifted from the topic of emotions in music to
the experience of emotions. I did not play music during the study to avoid priming
effects, but an alternative focus group design could have incorporated music better
to more efficiently immerse the participants in the topic. The participants reported
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subjective accounts and used metaphors to describe their experiences and intention-
ality toward the visuals of emotions. While these metaphors and descriptions were
bundled together in the thematic analysis to extract patterns, I did not dig deep into
the underlying meaning of the metaphors that were used to describe their experi-
ences. It is possible that the metaphors, such as sunshine and rain, carry additional
connotations in the context of emotions and music, which I might have neglected.

The usage of the prompting terms for the sketching segment was based on the
Essentia.js values, but in hindsight, these words were deemed to carry too many
semantic connotations. The focus group was also carried out in Swedish instead of
English, which could have led to subtle semantical differentials being lost in transla-
tion. While it is true that first-person reports are susceptible to excessive scrutiny,
I found that the study’s environment allowed participants to provide detailed expla-
nations of their thought processes and justify their sketch designs, thus enabling the
extraction of valid information.

7.2.2 Development Discussion

The Lo-Fi prototyping segments were limited in their ability to represent the envi-
sioned ideas and concepts for the project due to their 2D static nature. As a result, I
had to explore movements, dynamics, and 3D aspects in the coding segment, which
was a labor-intensive process. While this exploration could have been done in an
additional 3D modeling step to more accurately represent the scene before program-
ming, I skipped this step due to time constraints and the necessity to learn the
Three.js library and its potential in conjunction with affect and real-time data.

I began the Hi-Fi development with a predetermined set of features, which I for the
most part managed to implement. However, I learned that due to the nature of the
problem, there is an endless number of parameters to control and numerous possibil-
ities for tinkering. To simplify the development process, I adopted a building block
approach [2], but I believe that the design could be more modular, making it easier
to test and refine specific components of the visualizer. Parts of the visualizer have
modular aspects, such as the color selection, but ideally, I could have created a more
modular structure, which could be further developed as we gain more knowledge on
how to visually represent music affect.

Throughout the development process, I encountered numerous pivots and ideas. |
initially intended to create a "trip-through-the-galaxy" metaphor, but I also incor-
porated other concepts, such as the central "distortion/essence shape" and aspects
of other ideas such as "the kaleidoscope'. It became clear that development is an
iterative process, and ideas come and go as we tweak, tinker and explore the design
process.

A larger and more varied data set, including affect, dynamic range, and genre, would
have greatly aided development. With an almost endless combination of affect pa-
rameters, having a larger range of songs would have made it easier to single out
different parameters and improve our understanding of how they influence the visu-
alizer.
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my focus was on affect estimates, which led us, for the most part, to ignore bands
and frequencies. However, feedback from the summative evaluation suggested that
representing instruments and frequencies are essential elements of an audio-visualizer
and should be realized. I could have given more attention to this aspect of the vi-
sualizer. Since music can switch dynamically between different sentiments, deriving
affect in real-time and controlling the dynamics of the visualizer are also critical
factors worth further exploration.

Some visual features in the scene, such as the radiation color and size, directly
map to auditory features. However, this is not explicitly stated and apart from the
attempts to create a suitable mapping between the visuals and audio, the user is
not given hints on how to distinguish these features. I believe that introducing the
underlying structure of the visualizer to the user could enhance their understanding
and allow them to encode the visuals into auditory features, similar to common
music notation.

Some of my design choices deviated from the established aesthetic profile due to
implementation difficulties or concerns about aesthetics. For example, I included
edge cases for features like opacity to create a more unique aesthetic variation, even
though opacity was not mentioned during the literature review or focus group. I
made these types of decisions to create a more unique and engaging visualizer or
to make the development process more feasible. Throughout the developmental
work and research through the design process, first-person decision-making and the
designers’ intuition played a significant role. While the first-person methodology
in academics has been under fire it is actively being used in the practice of HCI
[80][42]. The reason why I incorporated a focus group and summative evaluation
was to reduce tunnel vision and gain overlooked insights and metrics.

7.2.3 Evaluation Discussion

In this summative evaluation, I utilized a 7-point scale for PANAS ratings, which
provides greater precision, than the 5-point scale, in the rating process. However, it
should be noted that this alteration may make it challenging to compare the results
to other studies using PANAS scores.

During the screen recording of the visualizations, there was a drop in resolution
and framerate, which likely affected how participants experienced the conditions in
terms of responsiveness and aesthetics. Moreover, the visualization only showcased
a specific set of features due to the zoomed-out camera view. Using the zoomed-in
view could have better portrayed the visualizer as an immersive 3D scene.

The experiment utilized a within-subjects design to reduce the number of partici-
pants required. However, only 16 participants were included, and a sample size of
24 would have been necessary to achieve an 80% power level if large effects were
present. This entails that the results of the summative evaluation are likely not
generalizable to the population. Additionally, participant bias is suspected as most
participants were recruited through convenience sampling, which may have led to
higher scores for Fitness (DV5) and Approval (DV6). A more diverse and larger
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sample of participants would have been preferable to address this issue.

To some extent, I attribute the significant results of the evaluation, meaning ap-
proval and likability, to the potential bias introduced by the method of recruitment.
Due to the use of convenience sampling in the recruitment process, there is a concern
that participants may have provided inaccurate reports. To address this, I suggest a
follow-up study with a larger and more diverse pool of participants recruited through
varied channels. This would help mitigate any bias and provide a better representa-
tion of the performance of the visualizations. A larger study with a wider range of
visualizations and music could also yield more informative results. Narrowing the
scope down and focusing on a specific artist or genre for song selection could also
be of interest.

The methodology used in this study was chosen for its reproducibility and use of
established measures. However, it should be noted that the results are difficult
to compare to the affect estimates obtained from Essential.js. If Essentia.js had
utilized PANAS scores instead it would be more straightforward to determine if it
was possible to convey the effect estimates through the visualizations.

7.2.3.1 Hypothesises Discussion

Both H1 and H2 hypotheses were rejected, indicating that representing music visu-
ally using extracted affect estimates is a complex task. Visualization 2 and Visu-
alization 3 had high values for sadness and relaxedness, leading to the assumption
that they would elicit similar visualizations and emotional representations. However,
they had slightly different happiness values, which could explain the varied PANAS
scores. Visualization 3 had a higher happiness and danceability value, affecting move-
ments and colors, which might be the reason it scored higher than Visualization 2
on both arousal and valence. The original premise for H1 and H2 was that the visu-
alizer would represent the affect estimates and convey corresponding PANAS scores,
but this proved to be more complicated. Although the hypotheses were simplistic,
the experiment suggests that there might be complex interaction effects between
the parameters of the visualizer. Slight changes in one or two affect values can re-
sult in distinctly different visuals, evoking different emotions. Further research is
needed to accurately represent emotions through aesthetics, including calibration of
the visualizer and exploration of different genres and styles of music.

Interestingly, the results were consistent with both H3 and H4 since the participants
reported that they liked the visualizer and that the visuals suited the music. This
suggests that the visualization managed to represent the song to some extent, and
this could be attributed to the responsive real-time features. For example, RMS was
used extensively to manipulate the scene and make it responsive which is suspected
to have made the music and visuals feel connected and enjoyable to watch. Visu-
alization 4, which had the most frame drops, was also the least liked visualization,
emphasizing the importance of a temporal and spatial relationship between audio
and visuals.
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7.3 Ethics

Ethical consideration was of crucial importance during the project’s run time, in
particular in regard to reporting and conducting studies.

Participants were asked to sign consent forms for the focus group studies and sum-
mative evaluation, which outlined the study’s purpose and how their data would be
used. By obtaining informed consent, participants were made aware of the study’s
purpose and were given the option to withdraw at any point. The collected data
was stored offline to ensure that the data wasn’t accessed by unauthorized indi-
viduals. In line with the General Data Protection Regulation (GDPR) regulations
pseudonymization was performed to limit that data can be attributed to specific
participants. The survey platform used in the evaluation study was Survio [75], a
platform based in the European Union (EU). This decision was made to ensure that
the study complied with the EU GDPR requirements [81].

The results and procedure of the project have strived to be transparent, fair, hon-
est, and as unbiased as possible. The procedure and methodology of the project
have been described in detail to make it possible to reproduce. This includes be-
ing transparent about the pitfalls and undesirable outcomes I encountered, such as
insignificant results and methodological lapses. I have aimed to accurately report
my findings and made the final prototype open source on GitHub so that anyone
interested can inspect my work [72].

In the course of development, the calibration of the visualizer’s aesthetic was carried
out using royalty-free music licensed from Pixabay [70] and purchased tracks from
iTunes [71]. To prevent debates related to fair use, only royalty-free music was em-
ployed in the dataset and summative evaluation. This approach ensured compliance
with intellectual property rights and minimized ethical concerns related to the use
of copyrighted material.

Proper attribution is crucial when using third-party libraries in a project. In line
with this principle, I have made sure to properly credit the libraries used to accom-
plish this project. The three primary libraries utilized were Meyda [34], Essentia.js
[6], and Three.js [33]. These libraries were credited in both the GitHub repository
and the project report.

7.4 Zimmerman’s Criterion of Design

According to Zimmerman [40], design research should be evaluated on the choice of
methods and description of the process, aim to combine subject matters to address
a specific case, be evaluated on relevance rather than validity, and be extensible for
future knowledge derivation. The following sections denote how this project related
to these criteria.

84



7. Discussion

7.4.1 Method Selection and Process Description

The methodology for this project was rooted in research through design, first-person
design, and the double diamond model. This approach provided a clear structure
for the various phases required to create the music visualization tool. Since the
domain of visualizing music effects through empirical means is relatively unexplored,
the project employed a focus group to establish a foundation for development. The
subsequent methodologies were then built on the focus group findings and a thorough
literature review, allowing for a comprehensive and well-informed approach to the
project. Discrete features were identified, described, and ranked before starting to
code. These measures were employed to keep a solid structure and transparency
throughout the project, which would in turn make the project reproducible.

7.4.2 Case Specificity

The project dealt with the creation of a prototype for a music visualization that
was based on the estimated effects of the audio. The purpose of the project was to
explore this domain and come up with an idea that could serve as inspiration for
complementary research and design. This is a distinct area of design that has not
been thoroughly explored before. In addition, the developmental environment also
prompts the design and research to address specific conditions.

7.4.3 Relevance

The current state of technology goes against the hands-on creation of a visualizer and
instead adapts a big data approach. While the affect estimates of the visualizer are
in fact based on the Essentia.js classification model the aesthetic properties of the vi-
sualizer are completely designed by human artistic craftsmanship. Al-generated art
can win art competitions and the discussion of artificial images can be considered art
more relevant than ever [82]. The visualization includes generative art features and
utilizes machine learning-derived features, but its fundamental design is still based
on the human touch. This was not intended to be an artistic statement against the
AT art community, but rather it raised further questions about hybrid versions of
human/computer art generation. With that said, whether we realize affect-based
music visualization by human or machine-based decision-making, exploring the us-
age of affect in the audio-visual domain is unexplored and intriguing.

Additional applications for an affect-based visualizer could be as a compliment to
music applications such as Spotify[83] or as an addition to music performance soft-
ware such as Resolume [84] and TouchDesigner[85].

A visualizer has the possibility to tap into the domain of slow technology. Subtle
anticipation, meaning await and actively ponder upon how an event will play out
[86] [87], could be utilized as a meaningful feature of artistic audio visualizations.
The audience might be very familiar with the song they want to analyze and can
take an active role in speculating how the music will be performed by the software.
This could spark reflection and create a more meaningful way to consume music.
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7.4.4 Extensibility

First of all, the project is open source which means that anyone can take a hands-on
approach and add to the repository. The evaluation was classified as a summative
evaluation, but it can also be considered a formative evaluation if development
continues through additional iterations. The feedback received from the evaluation
and the insights gathered allows for both refinements of the current design and
extraction of valuable information. For instance, the aesthetic profile of affect, which
was derived from the focus group, can be applied in similar projects.

7.5 Issues with Affect Estimation

The usage of the terms "arousal" and "valence" is well established in emotion estima-
tions. The affect estimation model, Essentia.js, however, used its own terms which
have been part of an ongoing discussion during the project’s runtime. For example,
to describe the intensity, Essentia.js uses two values, aggressiveness and relazedness,
instead of the sole value of arousal. Spotify, on the other hand, lacks a value for
intensity but has an explicit valence value [83]. The affect estimation community
seems to be riddled with unique company practices. Standardized values for affect
estimation would not only make it possible to compare different ML models to each
other but could also make it easier to tie the extracted values to established theories
of emotion.

During the project’s focus group, the participants were prompted with the terms
used in the Essentia.js model. However, this intrudes semantic connotations, which
a standardized terminology would avoid. For example, the usage of the word "aggres-
sive' can be interpreted to have negative connotations, which do not conform with
the neutral grounds of arousal. Using the PANAS system, aggressiveness could be
determined as high negative activation while relaxedness could be rated as low neg-
ative activation. While the Essentia.js values of aggressiveness and relazedness, in
practice, seemed to represent the dimension of arousal, other terms for them should
have been used in the focus group to avoid semantic confusion. For example, alter-
natives to the usage of aggressiveness could be "high intensity"/"high eventfulness"
or using the PANAS terms such as "alert" and "energetic."

Once again, I want to denote that this confusion could have been avoided by in-
troducing standardized terminology between the domain of emotional theory and
affect estimation technologies. Tying these domains together could also make the
estimation of complex emotions more theoretically sound.

The aesthetics of the visualizer are customized by my subjective decisions, and to a
great extent, the audio-visual fitness is determined by the design. With that said,
the visualizer is created based on the notion that the affect estimates are, in fact,
accurate and representative of the music. Many times this assumption was valid, but
other times, lapses in the affect estimation were discovered, such as classical music
never being rated high on aggressivness and a strong correlation between high values
of sadness and relazedness. While these findings might be unique to the tiny data set
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used for the project, it’s worth noting that the visualization is based on the ground
truth that the affect estimates are accurate, and if not, the visualization certainly
would not fit the song. The visualization is only as good as its affect measures.

Initially, I derived a measure for arousal and valence, such as arousal = aggressive-
ness - relaredness and valence = happiness - relaxedness. However, this reduced the
number of unique parameters that could be utilized for the visualization, and often
the values ended up as a value close to zero. With the Essentia.js model, songs could
be estimated to have high sadness and high happiness, which could independently
be hooked up to parameters, and by that, create a larger variety of aesthetics, which
was a sought-after feature.

While arousal and valence are well-established measures in emotion theory, ML mod-
els offer the potential to extract unique measures such as danceability, which are only
derivable using Al I believe that the priority of affect estimation should utilize the
established measures. However, discovering patterns in more complex emotions and
attributes using ML-extractable values like "liveness," "danceability", and "acoustic-
ness' can be of great value. These parameters could serve as unique features in a
music visualizer, offering a more comprehensive and holistic view of the music being
analyzed. By leveraging the power of ML, we can enhance our understanding of
emotions and create novel and engaging ways of experiencing music.
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Conclusion

This project aimed to create a music visualizer that visually represented the emotions
of a song. To do so, I extracted insights about visual aesthetics from literature and
focus groups, which were used in conjunction with affect estimates and real-time
extracted features.

Creating an audio-visual experience in conjunction with a synchronized emotional
output could create a unique and multimodal way to consume music. The visualizer
afforded the processing of any audio file and derived its emotions and musical fea-
tures. The project is open-source and acts as a contribution to the community and
can be adopted by any researchers or enthusiasts. The visualizer created was both
liked, and the visuals in response to the music were deemed to be fitting, suggesting
that it’s possible to intertwine these mediums in a meaningful way.

Emotions, music, and visuals are infinitely complex domains riddled with subjectiv-
ity, and it’s difficult to develop a visualizer that fits every genre, style, and sentiment.
While the evaluation reported that the visuals suited the music, it lacked evidence for
effective emotional communication. This suggests that the aesthetic profile derived
was not accurate enough or that it was not implemented effectively in the visual-
izer. However, a more comprehensive evaluation would be beneficial. With these
shortcomings in mind, I hope that my prototype serves as inspiration for further
exploration in affect-based musical visualization. My research has also shed light on
several areas of affect-based music visualization that required further investigation.

Further exploration of the emotional connotations of abstract means, and in partic-
ular, establishing a thorough aesthetic profile would be of importance. In extension,
exploring how different types of visualizers can be derived from the same aesthetic
profile could also be of interest. Different types of aesthetic profiles could also be
derived, such as culture-specific, genre-specific, or instrument-specific. This would
benefit the music visualization community immensely. Refining the aesthetic profile
and improving the accuracy of affect estimation could lead to more innovative and
engaging ways to visualize music. While there are claims that visuals can enrich the
experience of music, this can be further explored. In particular, to what extent can
an affect-based music visualizer affect the audience’s emotions, in terms of felt or
perceived emotions? Furthermore, can a poorly calibrated visualizer have a nega-
tive effect on the experience? Further investigation is also needed on the interaction
effects of the combination of musical affect and real-time audio feature extraction.
This could also include the possibilities of the natural integration of real-time affect
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estimation in conjunction with real-time audio feature extraction. Finally, the do-
mains of software development and classical emotional theory use widely different
language, and a consistent language that connects the paradigms would make find-
ings more broadly applicable. Standardizing measures of emotion, such as valence
and arousal, in the domain of affect extraction is recommended.

I took on an incredibly complex wicked problem and succeeded in bringing to life a
functioning manifestation of my initial idea and revealed areas of importance for the
future of affect-based musical visualization. The ambitious effort of a combination
of research, design, and development has, in addition to shedding light on my lapses,
also tested my skill, ingenuity, and tenacity. I hope that my design process and
insights can inspire more research in the quest for visualizing the emotions of music.
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A

Appendix A

A.1 Focus Group

A.1.1 Focus Group Consent Form



Informed consent regarding the participation in a focus
group about music visualization

The purpose of this study is to explore how music can be experienced visually and how music
affect can be performed in an abstract music visualizer. The study includes a focus group
discussion and a sketching session. The study will take approximately 1 hour.

The participation will benefit Anton Eriksson's master thesis. The study involves minimal
risk and the chance of causing discomfort is not greater than in everyday life. This consent
form will be stored at a safe location at Chalmers University of Technology.

1 understand that I participate voluntarily and can terminate and/or recall my participation at any
time without consequences.

1 understand that my identity will be kept anonymous.

1 understand that I should avoid disclosing personal information about myself or any other
participant during the focus group session.

1 approve that my participation is audio recorded and transcribed, as well as that the results and
direct quotes can be used in the thesis.

1 approve that the sketches I draw during the study are collected anonymously by the researchers and
can be used in the thesis as a creative commons (CC-0) image.

1 understand that the recording, transcription, and sketches from the focus group can be stored for up
to two weeks after the completion of the master thesis.

1 understand the results generated by my participation only will be used for research purposes.

1 understand that I, on request, can get access to the data I contributed as well as get information
about how the data is utilized in the thesis.

1 understand that I can contact Assistant Professor Kivanc Tatar at tatar@chalmers.se if I have
additional questions or need clarification.

Name Clarification:

Signature:

Date:
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A.1.2 Focus Group Expertise Form

Expertise

Visual expertise:
How many years of experience do you have with subjects such as
animation, computer graphics, illustrations, drawing or information
visualization?

O Less than 1 year

J Between 1 and 5 years

O Between 5 and 10 years

J More than 10 years

Musical expertise:
How many years of experience do you have with subjects such as
playing an instrument, composing music, sound engineering or studying
music theory?

O Less than 1 year

OJ Between 1 and 5 years

(J Between 5 and 10 years

O More than 10 years

I1T
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A.1.3 Focus Group Inspiration

Colors
Shapes
Movement
Interactions
Effects

Textures

Words

Arrows

vV
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A.1.4 Focus Group Detailed Plan



Focus Group Detailed Plan

Time: 6-8 March, at 17:00 (location available between 15:00 - 19:00)
Location: Kuggen, Trepunksbaltet Grouproom
Participants: Recruited through convenience sampling on social media

Objectives:
- Extract the aesthetic profile of the mood-based music visualizer.
- Find out the important visual attributes of the different emotions.
- Be specific and investigate how the visualization prototype can be developed.
- Find ideas and metaphors for how to realize the visualizer.

Important:
- Minimize bias:

- Only show the visualizer briefly to not prime the participants to a
specific aesthetic.

- Music will not be played during the focus group since it can influence
what song/elements the participant thinks of when sketching. For
example, playing a sad song with acoustic elements might influence
the participants to sketch their interpretation of acoustic visuals.

Materials:
e Mobile charger
Mobile with memory
Zoom Mic
Mic cable
Flash Drive
Computer with memory
Computer charger
Penn
Paper
Consent forms
Demographics forms
Sets of colored pens * participants
Sketch papers * 5 * participants



Detailed Plan:

1.

2.

7.

Greet Participants

Sign Consent Form

Sign Demographics Form
Start Focus Group

Ice Breaker: My guilt pleasure song is..... Do you have a guilty pleasure
song?

. Introduce The Topic:

‘I am currently writing my master's thesis about music visualization, in
particular about how music emotions can be represented in an artistic
manner. | am building an abstract music visualization program that performs
music and tries to represent the musical sentiment in a 3D environment. |
need your help to identify properties in music and visuals that | can utilize to
efficiently communicate the song's emotions.”

Show the basic black-and-white visualization environment.

“This is the program, you can upload a song and it will extract emotions and
my question to you is how musical emotions can be visualized. “

“We will start this session by drawing some sketches based on some
emotions, and after that, we will discuss the relations between music and
visuals. “

Main Section
a. Sketching Session
The sketching session will take 10 min (5 * 2min).

“I would like you to sketch how this visualizer could look like when
performing an emotional song. Think in terms of abstract elements
such as color, shapes, movement, interactions, and effects. You can
also use arrows or use words to explain your thought process. There is
no right or wrong answer so just sketch what comes to mind. ”

What would the visualizer look like when performing a happy song?

What would the visualizer look like when performing a sad song?



What would the visualizer look like when performing an aggressive
song?

What would the visualizer look like when performing a calm song?
What would the visualizer look like when performing a danceable
song?

. Motivating Sketching

For each emotion sketch the following questions can be discussed:

How can colors be used to represent X music emotions in an abstract
music visualization?

How can shapes be used to represent X music emotions in an abstract
music visualization?

How can movement and animation be used to represent X music
emotions in an abstract music visualization?

How can interactions be used to represent X music emotions in an
abstract music visualization?

Did you use any additional elements to represent the X music emotions
in the abstract music visualization?

Was there anything you would like to add that you couldn't draw?

Did you represent some specific musical feature in your drawing?
Which? (| can prompt musical features if needed)

. Visual Feature Discussing
Are there any relations between musical features and visual features?
Which? (| can prompt musical features if needed)

What is the most important thing to get right when representing music
emotions in a visualizer?

. ldeas and Metaphors
Are there any good visual metaphors for music?



e. Closing remarks
Do you have something that you would like to add?

8. Thank Participants
a. They get a candy bar :D

9. End Session
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A.2 Pixabay Data Set
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