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Abstract Music evokes complex emotions and enhances engagement across interactive media. Music visualizations
— graphical representations of sound — have gained relevance in games, virtual environments, and digital art. Yet,
many existing approaches fail to convey emotional nuance, focusing instead on structural or reactive aspects of sound.
To support the creation of emotionally engaging visualizations, we previously introduced Thunder, a design process
grounded in a Research Through Design (RtD) approach. While its initial application showed creative potential, it
also highlighted opportunities to improve structural clarity, enhance guidance for designers, and increase adaptability
across varied contexts. In this paper, we present a refined version of Thunder, developed through an expert review
with specialists in Human-Computer Interaction, Music, and Computing. The updated process is organized into
three core phases — Conceptualization, Prototyping, and Evaluation — each offering clearer support for emotional,
aesthetic, and musical decision-making. Implementation is now framed as an external and adaptable step, allowing
flexibility across technical scenarios. The new refined Thunder offers an improved foundation and design guidance

for creating emotionally resonant music visualizations in diverse contexts.
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1 Introduction

Music is a powerful way of expression in human culture. It
goes beyond the limits of cultures, geographies, and societies
[Munteanu, 2012; Pokharel, 2020], evokes emotions, and
conveys complex moods [Pouris and Fels, 2012; Koelsch,
2015]. The literature has shown how the influence of music
on our emotions brings up its uses in several fields. For
example, music has been found helpful as an intervention in
enhancing emotional well-being and associated with benefits
for people with clinical depression and anxiety [Hallam and
MacDonald, 2013; Kamioka et al., 2014]. Because it can
serve as a mechanism for regulating mood [Koelsch, 2010;
Reybrouck and Eerola, 2017], and is also associated with
the release of dopamine and oxytocin, which are linked to
pleasure and social bonding[Chanda and Levitin, 2013].

With its strong emotional appeal, music naturally applies to
interactive applications, especially within the entertainment
domains [Pereira and Chambel, 2023; Stewart et al., 2010],
which include video games, virtual environments, interactive
art, and storytelling, to name a few. Much more than simple
background sound, music can deeply impact user experience
(UX) by deepening immersion [Hassenzahl, 2008; Cuny et al.,
2015], affective engagement [Hassenzahl, 2008; Hwang and
Oh, 2020], and the feelings of aesthetic experience [Cuny
et al., 2015]. It has also been associated with a stronger
behavioral intention and a more positive perception towards
a target interactive application [Hwang and Oh, 2020].

In this context, music visualization has gained much atten-
tion as a field for applications in entertainment, education, art,
and commerce, incorporating elements of music, digital au-
dio, image processing, and virtual reality [Lima et al., 2021].

Music visualization can be defined as the practice of trans-
lating musical elements — such as rhythm, melody, harmony,
and dynamics — into graphical representations that enhance
perception, analysis, and engagement with music [Pouris and
Fels, 2012; Lima et al., 2021; Chen et al., 2023]. These repre-
sentations take various forms, including dynamic animations
[Lee and Fathia, 2016], color-based patterns [De Prisco et al.,
2018], and interactive visual effects that react in real-time to
sound [Beat Games, 2019]. Beyond their artistic and aesthetic
appeal, music visualizations serve practical purposes, such
as improving accessibility and understanding, especially for
individuals with hearing or cognitive disabilities [Fourney
and Fels, 2009; Pouris and Fels, 2012].

Despite these advantages, effectively designing music vi-
sualizations presents several challenges. While existing ap-
proaches successfully capture structural components of music,
they often fall short in conveying the emotional nuances that
define a musical experience [Fourney and Fels, 2009; Mori
and Fels, 2009]. To bridge this gap, visualizations must go
beyond technical accuracy and integrate expressive elements
that enhance immersion and audience engagement. Achiev-
ing this, however, requires intricate processes of audiovisual
synchronization, composition, and animation [Abreu et al.,
2018], which demand both artistic intuition and computa-
tional precision. Additionally, the labor-intensive nature of
high-quality visualization production poses a barrier for many
creators [Liu ef al., 2023]. The manual synchronization of
visuals with music involves complex decision-making across
multiple artistic and technical domains [Abreu et al., 2018],
making the process time-consuming and resource-intensive
[Chen et al., 2023]. Consequently, there is a growing need
for tools that streamline this workflow, allowing designers
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to focus on creative and narrative aspects without sacrificing
technical quality.

Beyond the technical challenges, integrating musical visual-
izations into digital narratives presents additional difficulties.
The balance between auditory and visual stimuli must be care-
fully managed to ensure coherence and effectiveness. Users
often struggle to interpret the association between graphically
represented sounds and the overarching narrative [Siu ef al.,
2022], which can lead to cognitive overload or disengage-
ment. This issue is exacerbated by the subjective nature of
emotional perception in music, as different listeners may in-
terpret the same musical passage in distinct ways. To mitigate
these concerns, designers must approach the creation of mu-
sical visualizations with a deep understanding of emotional
triggers, ensuring that visuals and sound work synergistically
to evoke the intended affective response.

To address these issues, we previously proposed Thunder, a
design process focused on supporting the creation of emotion-
ally engaging music visualizations [Nunes et al., 2024]. First
presented in the Innovative Ideas and Emerging Results track
at the XXIII Brazilian Symposium on Human Factors in Com-
puting Systems (IHC’24), Thunder built upon the process by
Almeida et al. (2021), which was grounded in design thinking
principles for animated visualization prototyping. Thunder
introduced a more emotion-oriented structure, consisting of
four stages — Conceptualization, Prototyping, Implementa-
tion, and Evaluation — and was applied in developing two
visualizations for the song “The Sixth Station,” composed by
Joe Hisaishi. These visualizations were positively received in
user evaluations and communicated the intended emotional
atmosphere.

Despite its positive results, a key limitation emerged. Thun-
der was entirely defined and refined within the scope of a
single design project. While the outcomes were promising,
the process itself had evolved in parallel with the production
of the visualizations, without undergoing a more systematic
or external validation. Rooted in a Research Through De-
sign (RtD) approach [Zimmerman and Forlizzi, 2014], the
construction of Thunder was intrinsically tied to practical ex-
perimentation, which — although methodologically valuable
— highlighted opportunities to enhance its clarity, broaden
its applicability, and strengthen its relevance across diverse
creative and technical contexts.

To address this gap, in this work we present an enhanced
version of Thunder resulting from an expert review involving
three specialists in HCI, Music, and Computing. Our goal
was to assess Thunder’s structure, terminology, and clarity,
as well as to understand how well its steps could be general-
ized beyond the specific use case in which it was conceived.
Based on this critical feedback, we reviewed and refined the
process steps, the inputs and outputs, and the level of de-
tail, enhancing its conceptual structure while emphasizing
emotional communication.

In this work, we present the refined version of Thunder,
now structured into three core phases, instead of four: Concep-
tualization, Prototyping, and Evaluation. Each phase encom-
passes decisions that span musical analysis, visual language
definition, emotional intent, and iterative assessment. More-
over, we introduce an external and flexible perspective about
implementation, which allows designers to adapt Thunder’s
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outcomes to various development contexts without compro-
mising its expressive goals.

Our work thus provides a more thorough approach to de-
signing musical visualizations, aiming to facilitate effective
communication of music’s emotional subtleties. We antic-
ipate Thunder will significantly enhance user experiences
across diverse contexts, including interactive media, virtual
environments, games, digital art, multimedia installations,
and entertainment applications.

2 Background

In this section, we present a background on the influence of
music on human emotions and discuss the process involved
in creating a visualization that represents the essence of music
through selected components.

2.1 Music and Emotions

Emotion! is a central concept in understanding how people
respond to different stimuli, especially within interactive and
creative contexts. In this study, we adopt an appraisal-based
approach, commonly used in HCI, in which emotion is de-
fined as a subjective experience influenced by personal goals,
context, and individual interpretation [Desmet, 2002; Nor-
man, 2007]. This approach highlights emotion as more than
just a physiological reaction — it is also connected to personal
meaning and context.

Music is widely recognized as a powerful way to trigger
emotional responses. Researchers from psychology, neuro-
science, and musicology have studied how various musical
features, such as tempo, melody, harmony, and dynamics,
interact with human cognitive and emotional systems to pro-
duce specific emotional experiences [Prisco et al., 2017].
These musical characteristics significantly shape listeners’
perceptions and feelings.

However, emotional reactions to music can vary signifi-
cantly between individuals and cultures. To better understand
these differences, researchers distinguish between two types
of emotional responses: perceived emotions and evoked emo-
tions [Gabrielsson, 2001; Juslin and Laukka, 2004]. Perceived
emotions refer to the emotions that listeners recognize or iden-
tify within the music itself, even if they do not personally feel
those emotions. For example, one can recognize a piece of
music as sad without actually feeling sadness. In contrast,
evoked emotions are the emotions genuinely felt by listeners
while they experience the music. While perceived emotions
involve cognitive understanding, evoked emotions go deeper,
influencing the listener’s mood, physiological responses, and
overall experience.

'When discussing emotional phenomena, it’s essential to clarify distinc-
tions between related constructs: affect, emotion, feeling, and mood [Barbosa
et al., 2021]. Briefly, affect refers to rapid, unconscious physiological re-
sponses triggered by stimuli, characterized by intensity and valence (positive
or negative). Emotions are brief, intense affective states clearly triggered by
the appraisal of specific events (e.g., fear, anger, joy, sadness). Feelings are
personal, subjective interpretations derived from emotions, influenced by
individual contexts and experiences. In contrast, mood is a diffuse affective
state characterized by subtle changes in subjective feelings, typically lower
in intensity, longer-lasting, and without a clearly identifiable cause (e.g.,
anxiety, depression, irritability).
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Building on this distinction, Cowen et al. (2020) explored
how people from different cultures emotionally respond to
music. Their study with Western and Chinese listeners iden-
tified 13 common emotional categories experienced through
music: “amusing,” “annoying,” “anxious/tense,” “beauti-
ful,” “calm/relaxing/serene,” “dreamy,” “energizing/pump-
up,” “erotic/desirous,” “indignant/defiant,” “joyful/cheerful,”
“sad/depressing,” “scary/fearful,” and “triumphant/heroic.”
These categories show the diverse and culturally shared emo-
tional experiences that music can trigger, while also highlight-
ing personal differences in emotional response.

This emotional power of music comes from the complex
relationship between sound, brain, and emotion. Psycho-
logical and neuroscientific studies have shown that music
affects not only how we feel but also our physiological states.
Koelsch (2014) demonstrated through neuroimaging how mu-
sic activates brain areas associated with emotions, such as
the amygdala and hypothalamus. This activation results in
physical reactions, facial expressions, and body movements
like smiling, frowning, or dancing. Thus, music profoundly
influences listeners both emotionally and physically.

LR N3

2.2 Music Visualization

Visualizations encompass a range of techniques and methods
for creating graphics, images, and animations to communicate
information effectively [Zhang ef al., 2018]. Music visualiza-
tions, a subset of this field, merge music and visual elements
to produce synchronized and immersive experiences that en-
hance viewers’ engagement with music [Schmidt, 2018].

A critical feature of effective music visualizations is their
ability to be emotionally expressive. In practical terms, vi-
sualizations can be considered expressive when they clearly
convey the emotional content of music through the intentional
use of visual elements such as color, shape, animation, and
timing. For example, colors often carry emotional associ-
ations — warm and vivid colors typically communicate ex-
citement or happiness, while cooler and darker tones suggest
calmness or sadness [Palmer et al., 2013; Schloss and Palmer,
2018]. Similarly, movement and timing of visual elements
can significantly impact emotional expression: rapid, dy-
namic animations tend to evoke feelings of energy or anxiety,
whereas slower and smoother transitions generally express
tranquility or melancholy [Kim and André, 2010; Collopy,
2021].

These strategies are not arbitrary. Studies have shown
that listeners form consistent mental images of motion in
response to musical parameters like tempo, pitch contour, and
articulation [Eitan and Granot, 2006]. These mental images
frequently map onto spatial or visual metaphors — such as
rising shapes for ascending melodies or abrupt movements for
staccato passages — supporting the idea that music inherently
invites visual and kinesthetic interpretation. In the context
of music visualization systems, these correspondences are
leveraged to create affective experiences that align with the
expressive intent of the music.

Recent surveys in the field reinforce this perspective by
highlighting how expressivity is a recurring design goal. Lima
et al. (2021) found that many visualization systems use ele-
ments like color saturation, particle motion, and geometrical
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metaphors to encode abstract features such as mood, timbre,
and harmonic structure. For instance, colors are frequently
mapped to emotional valence, with blueish hues representing
sadness and reddish tones indicating happiness, while varia-
tions in movement speed and trajectory reflect intensity and
emotional fluctuation. Such mappings aim to go beyond the
analytical representation of musical data, instead evoking an
emotional experience that mirrors the affective dimension of
the music itself.

In addition to their expressive potential, music visualiza-
tions offer a valuable means of accessing music for individuals
with hearing impairments, including the deaf, deafened, and
hard-of-hearing (D/HH) communities. These visual repre-
sentations allow people with hearing loss to engage more
fully with music experiences typically designed for hearing
audiences [Pouris and Fels, 2012]. For individuals in these
communities, traditional music formats can be challenging
or inaccessible, as even partial hearing loss can significantly
hinder music comprehension, and hearing aids may distort
musical quality [Chasin, 2003; Fourney and Fels, 2009].

Music visualizations can also be classified according to
their purpose and visual representation methods. A common
categorization divides them into augmented score visualiza-
tions and performance visualizations [Hiraga et al., 2002;
Lima et al., 2021]. Augmented score visualizations enhance
traditional music notation with graphical elements such as
color-coded notes, animated rhythms, or interactive interfaces,
primarily benefiting music education and music theory com-
prehension [Ciuha et al., 2010; Miller et al., 2019]. Perfor-
mance visualizations focus on capturing expressive musical
aspects, such as dynamics, tempo variations, and articulation,
often visualizing performer gestures and interpretative nu-
ances. These visualizations help analyze performance styles
and convey performers’ expressive intentions more explicitly
[Hiraga et al., 2002; Khulusi ef al., 2020].

Beyond these classifications, visualizations may be further
distinguished by their technical approach. Audio-driven vi-
sualizations generate visuals directly from raw sound data,
relying on frequency analysis and amplitude to produce re-
sponsive, dynamic animations [Fourney and Fels, 2009]. Con-
versely, MIDI-based visualizations use structured musical
data to create representations such as piano rolls or harmonic
diagrams, providing clarity through symbolic representations
of musical structure [Bergstrom et al., 2007]. Recent develop-
ments in generative design and artificial intelligence further
expand the possibilities of creating sophisticated, real-time
visuals from musical inputs [Graf et al., 2021].

2.3 Music Visualization in Digital Interactive
Systems

Music visualizations have come a long way, especially in
artistic areas, such as operas, ballets, and movies [Hiraga
et al., 2002]. For instance, the film “Fantasia” [Disney, 1940]
developed by Disney in 1940 was produced using artistic
interpretations of selected musical works. Through various
degrees of abstract and literal art in the form of visual an-
imation, “Fantasia” effectively communicates emotion, en-
tertainment, and other music properties [Fourney and Fels,
2009]. Another early use of electronics to visualize music
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through art occurred with the release of the Atari Video Music
system [Brown, 1976]. Designed to connect to a television
set, this console allowed users to either create their own vi-
sual effects or place the system in automatic mode where the
visuals responded dynamically to the music [Brown, 1978].
These displays were precursors to modern software-based
music player visualizations [Fourney and Fels, 2009]. Fur-
thermore, with the advance of technologies, music players
such as Windows Media Player and iTunes started to use soft-
ware algorithms to automatically extract key music data, such
as frequency and time, from digital music files, translating
this data into visualizations.

The use of music visualizations in digital systems currently
far transcends music players. It has become a vital compo-
nent within some kinds of interactive systems and gaming
environments. This integration not only enriches user and
player experiences but also introduces innovative engagement
methods. Modern game engines like Unity and Unreal Engine
offer extensive libraries and tools for creating sophisticated
audio-reactive environments. For instance, games like Gris
use minimalist, watercolor-inspired visuals that shift dynami-
cally in color palette and intensity in line with the melancholic
and hopeful emotional arc of the soundtrack, reflecting the
emotional journey of the protagonist through grief. Likewise,
games like Sayonara Wild Hearts use bright, stylized graphics
in synchronization with its high-energy synth-pop soundtrack
to heighten the sensations of thrill and liberation expressed
through the music. Beat Saber is another example of a rhythm
game that uses synchronized visual feedback and particle ef-
fects to enhance the game’s immersive nature further, tying
the player’s actions directly to musical rhythms.

Besides gaming, interactive art installations are commonly
applied in music visualization methods to create dynamic
and captivating experiences. These installations may rely
on sensor information, such as the proximity or movement
of participants, to modify the visual reaction to music and
produce an adaptive and personalized artwork. Interactive art
installations are also making use of Al-generated visuals to
convert sensitive emotional undertones in music into form,
color, and texture abstractions. Such installations can use ma-
chine learning algorithms trained on large datasets of art and
music to create mappings between specific musical qualities,
for example, dissonance or consonance, and corresponding
visual representations that evoke feelings of discomfort or
harmony. Projects like The Treachery of Sanctuary by Chris
Milk, while focused on physical movement, demonstrate the
potential to create deeply emotional audiovisual experiences
that resonate with the viewer on an inherent level.

Furthermore, innovations in virtual reality (VR) and aug-
mented reality (AR) technologies have opened the door to
new opportunities for immersive music visualization, allow-
ing listeners to explore musical environments and interact
with sound in new and intuitive ways. Virtual reality ex-
periences are being designed that enable users to become
fully immersed in abstract, affectively laden worlds and mu-
sic and sounds play a central role here. Through the music
they are listening to, users establish an intensely personal
and synesthetic exchange between visual and musical stimuli.
Rez Infinite is a VR remastered version of the classic rail
shooter, Rez, and it’s the ”Area X section exemplifies this
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application. The music in Area X is deliberately designed to
be emotionally evocative. It often shifts between moments of
serene beauty and intense, energetic euphoria, and the visuals
directly mirror these emotional shifts.

The examples given above, such as video games, interac-
tive installations, and virtual reality environments, point to
the more sophisticated application of music visualization in
digital systems. Yet regardless of the ever-changing technolo-
gies that provide opportunities to make visually engaging and
technologically impressive presentations, the basic issue is
still to express the emotional content of music into a visual
system that engages listeners on a deep level. In that way,
such experiences will not only be visually appealing but also
intensely emotionally evocative.

3 Thunder as Initially Proposed

In our previous study [Nunes et al., 2024], we presented the
construction of a preliminary version of Thunder, a design
process developed to support the creation of music visualiza-
tions capable of matching the emotional responses evoked
by the music itself. Thunder was developed through a Re-
search through Design approach [Zimmerman and Forlizzi,
2014], grounded in the practical challenges faced during the
design of two visualizations for the song The Sixth Station,
from the film Spirited Away. This piece had previously been
evaluated in a live concert setting, where the accompany-
ing visualization — produced independently of our research
— failed to convey the intended emotional tone of the music.
While the soundtrack evoked feelings of sadness, loneliness,
and melancholy, the audience reported predominantly posi-
tive emotions, revealing a disconnection between the music
and its visual representation.

This observation motivated us to explore whether an alter-
native design approach could better support the expression
of these emotional nuances. We selected The Sixth Station
as a case study and set out to produce two new visualizations
intended to improve the emotional alignment between sound
and visualization. Our initial intention was to follow the
design process proposed by Almeida et al. (2021), which pro-
poses inspiration, ideation, and prototyping phases inspired
by design thinking. However, as we engaged more deeply
with the emotional, aesthetic, and interactive demands of
the visualization, we identified the need for a more detailed
structure.

Throughout the development of the two alternatives, we
progressively reorganized and refined the stages of the orig-
inal process. These refinements led to the definition of a
new design process, which we named Thunder (see Figure 1).
Thunder is composed of four main stages:

1. Conceptualization: In this stage, designers define the
emotional goals of the visualization, select the music
to be represented, and establish the visual and aesthetic
direction that will guide the entire project.

2. Prototyping: This stage involves the creation of
medium- and high-fidelity prototypes, which are iter-
atively refined through structured feedback to ensure
alignment between emotional intent, visual elements,
and musical structure.
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Figure 1. Version of the Thunder design process presented in our previous work,

detailed view).

3. Implementation: At this point, the final prototype is
translated into an interactive visualization, coded to dy-
namically respond to the selected music—whether pre-
recorded or performed live.

4. Evaluation: Integrated across the previous stages, this
phase includes feedback sessions with designers, labo-
ratory testing with users, and field validation of the im-
plemented version to assess emotional expressiveness,
engagement, and overall user experience.

Each stage was articulated based on practical needs that
emerged during the creative process, a characteristic of Re-
search through Design, and focused on supporting emotional
expressiveness as a central design concern. This iterative,
practice-based approach, fundamental to RtD, allows for a
deep understanding of user needs as they are revealed through
the design itself. However, because Thunder was formulated
within a single project context and was primarily guided by
the empirical experience of the designers involved, a gap re-
mained in its external validation. This exemplifies a common
challenge in RtD: while deeply insightful, findings require fur-
ther rigorous evaluation to verify their broader applicability.
By engaging with RtD, we gained valuable situated knowl-
edge. This knowledge, however, must be complemented by
more formal research methods to ensure the robustness and
generalizability of the design principles uncovered. To bridge
this limitation and strengthen the Thunder’s robustness, we
conducted an expert review followed by a refinement, detailed
in Section 4

Still, the benefits of adopting the RtD approach for the
proposal of Thunder [Nunes ef al., 2024] were significant. It
helped us fostering innovation by embracing experimentation
and learning from failures. Because of that, Thunder design
decisions was grounded in real-world contexts. Furthermore,
RtD generated valuable research insights that informed our
design efforts, creating a virtuous cycle of knowledge pro-
duction and practical application, as is the intent of applying
an RtD approach.
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4 Methodology

In order to refine Thunder, we conducted an expert review
with specialists in HCI, Music and Computing. This eval-
uation aimed to (i) assess the clarity and feasibility of the
process, (ii) identify strengths and areas for improvement,
and (iii) ensure that Thunder effectively supports the design
of emotionally expressive music visualizations.

When developing a new process, it is critical to ensure its
robustness, clarity, and alignment with intended outcomes.
Incorporating expert reviews helps identify key insights, po-
tential challenges, and opportunities for refinement [Arm-
strong, 2001; Rubio ef al., 2003]. Although expert feedback
inherently carries subjectivity and potential biases [Rubio
et al., 2003], it significantly helps reduce the necessity for fu-
ture revisions and optimizes resource usage, complementing
additional validation methods.

4.1 Participants

The literature does not establish a specific minimum num-
ber for implementing this method. Armstrong (2001) states
that expert groups should consist of approximately 5 to 20
members, depending on the availability of experts and the
nature of the desired feedback. Smaller panels may be more
suitable when seeking in-depth insights, while larger panels
may be preferable if the goal is to gather a variety of opinions.
Meanwhile, Lazar et al. (2017) notes that to obtain in-depth
insights from domain experts, a large number of participants
is not necessary; only two or three motivated experts can be
recruited.

For this stage of the research, we decided to recruit a mini-
mum of three experts, selected by convenience, to participate
in the evaluation. The experts will be invited to participate
through email invitations. The inclusion criteria were:

+ The person must be at least 21 years old,

* The person must hold a postgraduate degree;

» The person must work or have worked in the fields of
Computing, Music, Design, or HCI.

The age threshold of 21 years was defined to ensure a min-
imum level of personal and academic maturity. Since the
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participants were expected to engage in critical methodologi-
cal evaluations, it was essential to select individuals who had
completed undergraduate studies and gained experience in
their respective domains. The exclusion criteria for this stage
were:

* People under 21 years old or over 59 years old;

+ People without a postgraduate degree;

* People who have never worked in the fields of Comput-
ing, Music, Design, or HCI.

4.2 Procedure

Experts received two documents via email: one detailed the
Thunder process comprehensively — including its four initial
phases (Conceptualization, Prototyping, Implementation, and
Evaluation) and illustrative diagram — while the other optional
document presented the preliminary application of Thunder in
the creation of the two alternative visualizations, serving as a
practical reference. Following document review, participants
completed an online survey to assess Thunder.

The review questionnaire was designed to assess Thun-
der’s methodological clarity, feasibility, and effectiveness in
structuring music visualizations. It comprised two sections:
the first collected demographic and professional background
data, including age, gender, academic field, experience level,
and prior exposure to music visualizations.

The second section evaluated Thunder as a whole and it’s
four phases: Conceptualization, Prototyping, Implementation,
and Evaluation. In Conceptualization, participants assessed
the clarity of emotion identification methods, the effective-
ness of free word association and Cowen et al.’s emotional
mapping, and the role of mood boards and sketches in defin-
ing artistic direction. Prototyping was evaluated in terms
of fidelity distinctions, iterative refinement, and the clarity
of instructions for developing prototypes. Implementation
focused on technical feasibility, flexibility for adjustments,
and the adequacy of suggested tools and libraries. Finally,
Evaluation examined the effectiveness of feedback sessions,
structured testing methods, and the integration of qualitative
and quantitative user experience metrics.

Each section included open-ended fields for additional feed-
back, allowing experts to highlight challenges and suggest
refinements.

4.3 Data Analysis

Quantitative responses from closed-ended survey questions
were analyzed using descriptive statistics to measure consen-
sus regarding Thunder’s clarity, methodological coherence,
and practicality. Qualitative feedback underwent an inductive
thematic analysis to identify key insights and recurring sug-
gestions. The first author conducted an initial round of open
coding on all textual responses, which were then grouped
into broader themes based on conceptual similarity. A sec-
ond coding round was used to refine theme definitions. To
strengthen reliability, the entire analysis was reviewed by
a second researcher with expertise in HCI and qualitative
methods.
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Insights from both data sources guided structured discus-
sions with the research team, during which we interpreted
ambiguous feedback, resolved potential contradictions, and
assessed the implications of proposed adjustments. This re-
flective process enabled iterative refinements that were not
only grounded in expert input but also aligned with Thunder’s
design rationale.

Each major update was validated through these collabora-
tive reviews, reinforcing the theoretical foundation and practi-
cal coherence of the revised process. This layer of collective
interpretation and decision-making added methodological
rigor and strengthened the applicability of Thunder in future
research and design scenarios.

5 Results

In the following sections we describe the results obtained
from the expert review.

5.1 Participants Profile

Three participants took part in the expert evaluation, each
bringing complementary academic and professional back-
grounds. Table 1 summarize information on each participant
involved in the study, including their age group, gender, aca-
demic background, field of work, years of experience, and
their prior involvement with musical visualizations.

Overall, the group of experts has solid academic back-
grounds — all hold doctoral degrees — and works in interdisci-
plinary fields, primarily Design, Computing, HCI, and Music.
Two of them have over a decade of experience on projects
merging computing and music, and all have been involved
with musical visualizations — whether by creating multime-
dia tools, studying performative approaches, or conducting
musical analyses.

Their ages range from 30—49 years, reflecting perspectives
that span more academic viewpoints to practical software ap-
plications. Regarding gender, two males and one female par-
ticipated, ensuring diverse experiences and analysis methods.
Although each expert’s focus differs (Design, Computing,
HCI, Music), this blend of complementary perspectives en-
ables a broad understanding of the requirements and possibili-
ties in the field, adding conceptual depth alongside Thunder’s
creative and technical applications.

5.2 Quantitative Analysis

The quantitative evaluation of Thunder was divided into
five sections: overall process, conceptualization, prototyping,
evaluation, and implementation. The results are presented in
the following sections.

5.2.1 Overall Assessment

Regarding the overall process assessment, as depicted in Fig-
ure 2, the results indicate that Thunder is well-structured and
demonstrates strong potential for application across different
contexts, with experts highlighting its clarity and flexibility.

The clarity of Thunder’s objectives received positive rat-
ings (4, 5, and 4), confirming that its purpose is well-defined.
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ID | Age Group | Gender | Academic Degree | Area of Expertise Experience with Music Visualization
1 4049 Male PhD Over 10 years of ex- | Developed a multimedia installation con-
perience in Design, | verting audio (via Fourier transforms) into
Computing, and HCI. | real-time animations.
2 30-39 Female PhD 3-5 years of experi- | Investigated performative aspects and at-
ence in HCIL. tended live musical visualization perfor-
mances.
3 40-49 Male PhD Over 10 years of ex- | Focused on object-oriented methods for
perience in Music and | translating sonic structures (e.g., Bossa
Computing. Nova rhythms) into visual forms.
Table 1. Expert Review Participants Profiles
W Expertt W Expert2 W Expert3 the score of 0 in user-friendliness and support adequacy may
stem from challenges related to the practical development
Clear Objectives j = of medium- and high-fidelity prototypes, where additional
tools or guidelines could provide more effective assistance.
B 2 _ These considerations highlight areas for refinement that could
f further strengthen Thunder’s usability and accessibility, par-
Nty . 4 " ticularly by offering explicit resources to support prototype
creation and validation processes.
User-Friendly o - 5 Finally, the sufficiency of Thunder’s resources for pro-
, fessionals received strong support (4, 4), affirming that it
Mse“q"u"a"c’; - 4 offers a comprehensive foundation for application. The eval-
uation also highlighted the importance of integrating different
0 1 2 3 4 5

Ratings (0: Mot Applicable - 5: Strongly Agree)
Figure 2. Overall process assessment

Similarly, the comprehensibility of its steps was positively
evaluated (3, 4, and 5), indicating that while the process is
detailed and systematic, some aspects could be further em-
phasized to enhance clarity. One expert pointed out that the
evaluation phase could be more distinctly differentiated from
the core stages of Thunder, as its recurrence might lead to
misunderstandings. This suggests an opportunity to refine
how the iterative nature of evaluation is communicated within
the process.

The applicability of Thunder across different contexts was
well-rated by most experts (5, 4), who acknowledged its ver-
satility. The process’s broad scope was seen as a strength,
allowing it to be used in different scenarios. Given its flexi-
bility, its ability to accommodate various approaches to map-
ping visual and sonic representations was particularly noted,
reinforcing its relevance across disciplines. Similarly, the
user-friendliness was also positively evaluated (4, 5), with ex-
perts acknowledging its structured methodology. The results
indicate that Thunder provides a solid approach for guiding
professionals through the process while allowing room for
adaptation. Experts also recognized the model’s approach to
evaluating emotional content in music, particularly its consid-
eration of how different emotional states can be represented
within the process structure.

One expert rated several categories with a score of 0, par-
ticularly in context versatility, user-friendliness and support
adequacy. According to the qualitative feedback, the rating
of 0 on context versatility indicates that the process could
benefit from a clearer differentiation regarding the intended
application scenarios - whether it’s just for musical visualiza-
tions or for broader artistic and interactive media. Similarly,

analytical criteria — both objective and subjective — to fur-
ther strengthen the process, particularly in later stages where
deeper assessments are conducted. Addressing these consid-
erations could further reinforce Thunder’s robustness as a
design methodology.

5.2.2 Conceptualization Assessment

The Conceptualization phase received positive feedback from
experts, as illustrated in Figure 3. The results indicate that the
methods and activities in this phase were generally perceived
as relevant and highly relevant, reinforcing their effectiveness
in structuring the initial stages of music visualization design.

W Expert1 M Expert2 M Expert3

Music and 58
Interaction

Woard Assaociation

Emotional Map

B REE e

Style Decisions 3

Moodboards ;:

L)

Sketches

0 1 2 3 4 a

Ratings (0: Mot Applicahle - 5: Highly Relevant)

Figure 3. Conceptualization phase expert assessment

The identification of emotions evoked by the music was
among the highest-rated aspects, with experts consistently
classifying it as highly relevant. This suggests that the process
effectively supports designers in establishing a strong emo-
tional foundation for their creative decisions. It is important
to clarify that, as with each of Thunder’s steps, the emotional
extraction is not automated — it is conducted entirely by the
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designer as an interpretive and analytical task, which Thunder
aims to guide.

Two complementary tools support this identification pro-
cess: free word association and Cowen ez al. (2020) emotional
map. Free word association helps the designer externalize
their intuitive, immediate affective responses to the music,
capturing raw emotional impressions. This open-ended tech-
nique fosters a personalized, exploratory connection with the
musical content.

The emotional map by Cowen et al. [2020] provides a struc-
tured empirical reference. Designers interactively explore
the spatial distribution of previously rated audio samples,
each associated with specific emotional categories across 13
dimensions. By listening to samples and comparing them
with segments of their selected music, designers manually
identify which emotional clusters align most closely with the
music’s expressive intent. These selected dimensions are then
recorded and used to inform the emotional narrative of the
visualization.

Together, these methods combine subjective perception
and empirical grounding. While word association allows for
personal and contextual insights, the emotional map offers
affective benchmarks derived from large-scale user data. This
dual approach empowers designers to perform a rich and
nuanced emotional analysis tailored to their creative goals.

Defining the artistic style based on the identified emotions
received favorable evaluations, emphasizing its practical role
in ensuring coherence between affective interpretation and
visual representation. Additionally, the use of moodboards
to consolidate emotions and artistic direction into cohesive
visual references was widely acknowledged as a crucial step
in maintaining consistency throughout the design process.

The use of initial sketches to translate conceptual ideas into
early-stage visualizations also received strong support, with
experts recognizing it as an effective bridge between concep-
tual exploration and later prototyping stages. Moreover, the
overall coherence between the sub-steps of the conceptual-
ization phase and their integration into the broader Thunder
process was positively evaluated, indicating that the process
successfully maintains logical continuity between its stages.

5.2.3 Prototyping Assessment

The Prototyping phase received positive feedback from ex-
perts, as illustrated in Figure 4. The results indicate that ex-
perts generally perceive these stages as valuable for refining
and enhancing musical visualizations, with ratings consis-
tently ranging from relevant to very relevant.

Regarding the structuring of medium- and high-fidelity pro-
totypes, the feedback was largely positive, demonstrating that
the differentiation between these two levels of fidelity is clear
for most evaluators. Additionally, the expected outcomes of
this phase were deemed well-defined and achievable, rein-
forcing the effectiveness of Thunder’s prototyping guidelines.
Experts also highlighted that the connections between pro-
totyping sub-stages and the overall process were coherent,
further validating the integration of these steps within the
broader methodology.
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Figure 4. Prototyping phase expert assessment
5.2.4 Evaluation Assessment

Figure 5 summarizes the results of the evaluation phase as-
sessment, highlighting its effectiveness in refining musical
visualizations through structured feedback loops and valida-
tion methods. Experts rated the iterative feedback sessions,
laboratory tests, and field tests as highly relevant, reinforcing
the importance of these steps in improving the final design.

W Experti W Expert2 Expert 3

Sessions

4

Laboratory Test =¥

5

Field Test =¥

5

Recommendation
s (UES-Br, IMI-

TEQ Br, PrEmo, | 4

[l 1 2 3 4 5

Ratings (0: Not Applicable - 5: Highly Relevant)

Figure 5. Evaluation phase expert assessment

The structured feedback sessions were well-rated (4, 5),
confirming their usefulness in guiding design adjustments.
Experts recognized the clarity of post-conceptualization feed-
back sessions and the transition between mid- and high-
fidelity prototypes, though some suggested minor refinements
to improve clarity. Similarly, the integration of audience
feedback into final adjustments was seen as practical and
well-documented.

Laboratory testing methods received strong support (5, 5),
validating their structure and appropriateness for assessing
user experience. However, one expert rated the field test
description lower (1), possibly indicating a need for more
detailed guidance on its implementation and its role in evalu-
ating emotional impact in real-world scenarios.

The combination of quantitative and qualitative suggested
methods was generally seen as sufficient (5, 5), yet one expert
marked this aspect as “Not Applicable” (0), which may sug-
gest uncertainty about its direct applicability in some cases.
This highlights an opportunity to clarify how these methods
integrate into Thunder’s broader evaluation strategy.

5.2.5 Implementation Assessment

The assessment of the implementation phase highlights its
role in translating the designed visualizations into functional
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applications. Experts provided mixed feedback, with most as-
pects receiving positive evaluations while some areas indicate
opportunities for refinement.

The connections between implementation and previous
stages were well-rated (4, 5), suggesting that the process
ensures coherence throughout development. The flexibility
for technical adjustments was recognized as a strength (3, 5),
demonstrating that the process accommodates refinements
without compromising the final experience. Similarly, the
suggested tools and libraries were considered suitable for
different contexts (4, 5), supporting the adaptability of the
implementation phase.

However, one expert rated certain aspects significantly
lower (0, 1), particularly regarding the clarity of execution
guidelines, technical recommendations, and expected out-
comes. This suggests that the implementation phase may
require additional documentation or practical examples to en-
hance its applicability. Moreover, the diversity of approaches
to producing musical visualizations raises questions about
whether implementation should remain an integral part of
Thunder. Given the wide range of technologies, platforms,
and artistic directions that can influence implementation,
maintaining it as a separate, adaptable phase could allow
Thunder to focus more effectively on the design of visualiza-
tions rather than prescribing specific technical pathways.

5.3 Qualitative Analysis

A qualitative thematic analysis of expert feedback identified
key themes related to Thunder’s clarity, adaptability, process
structuring, evaluation strategies, and practical implemen-
tation (see Table 2). These insights guided refinements in
the process, ensuring a more structured and user-friendly ap-
proach while maintaining its flexibility.

The following sections synthesize the main findings and the
corresponding changes incorporated into the refined version
of Thunder.

5.3.1 Enhancing Coherence and Process Transparency

Experts recommended making clearer which elements — par-
ticularly sound, but also visual and emotional — are addressed
at each stage to enhance comprehension and prevent the pro-
cess from appearing overly generic. To address this, we
incorporated icons into the process activities to specify these
elements explicitly, ensuring that designers can easily identify
which components are relevant at each phase.

Additionally, some experts recommended integrating the
suggested evaluation methods (e.g., PrEmo, UES-Br, IMI-
TEQ Br) directly into the process diagram. However, we
opted against this to preserve Thunder’s flexibility, as the
choice of evaluation methods should depend on the specific
emotional communication goals of each visualization rather
than being predefined. Instead, we incorporated the DECIDE
framework [Rogers ef al., 2023] as a structured yet adapt-
able approach guiding the Laboratory and Field Testing sub-
activities. 2

2The DECIDE framework [Rogers et al., 2023] is a systematic method
commonly used in HCI for planning and conducting evaluations. It consists
of six clearly defined stages that help designers and researchers structure
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Further concerns were raised regarding the differentiation
of Thunder’s phases, particularly the evaluation phase. Ex-
perts highlighted that the workflow needed clearer distinctions
between iterative assessments and the transition between con-
ceptualization, prototyping, and testing. To improve this,
we included a header section with objective descriptions for
each stage, outlining their purpose and the participants in-
volved. Additionally, decision-making elements — such as
conditional statements — were introduced to enhance logical
structuring, and assessment activities were broken down into
sub-activities to provide greater clarity.

5.3.2 Refining Process Structure and Adaptability

Experts highlighted concerns regarding the relationship be-
tween time and visual representation. To address this, we
incorporated a mapping sub-stage to establish a structured
correlation between musical time and visual elements. This
sub-activity has been integrated into the conceptualization
and prototyping phases, enhancing clarity in the translation
of the multiple emotional contexts in music into visuals.
Additionally, the implementation phase was widely dis-
cussed, leading to significant refinements in Thunder’s struc-
ture. Based on both qualitative and quantitative feedback, we
decided to remove implementation from the core workflow
of Thunder. Given the diversity of approaches in creating
musical visualizations — ranging from different technologies
and platforms to artistic directions — it would be impractical
to define a single implementation pathway within a dedicated
stage. Instead, we adopted a black-box approach where, after
laboratory testing, the process moves into implementation
and later returns for field testing. This decision preserves
Thunder’s flexibility while allowing users to integrate their
own implementation strategies tailored to their specific needs.

5.3.3 Strengthening Designer Preparation and Knowl-
edge Accessibility

Experts emphasized the importance of ensuring that designers
receive adequate preparation before applying Thunder. Many
highlighted that effective use of the process requires prior
knowledge of evaluation methodologies, emotional mapping,
and prototyping approaches. To address this, we will provide
a set of suggested resources within a supplementary artifact,
offering designers the necessary background knowledge to
apply the process effectively. This material will include cu-
rated academic articles, videos, and practical examples of
music visualizations.

5.3.4 Future Research Directions and Expanding Theo-
retical Foundations

One expert proposed exploring advanced modeling tech-
niques such as decision trees or finite state machines to im-
prove creative freedom and automation within prototyping.

their evaluations from defining goals to analyzing results. Its structured yet
flexible nature aligns effectively with Thunder’s iterative and user-centered
philosophy, providing methodological consistency without sacrificing adapt-
ability.
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Table 2. Key themes from the thematic analysis of expert feedback, with representative quotes and number of related comments.

Theme Description Representative Quotes Comment Count
Enhancing  Coher- | Suggestions to improve the clar- | “It would be interesting to highlight the 3
ence ity and integration of the process | sonic media in some way |[...].”
as a whole.
“Perhaps it would be better to
clarify that the evaluation phase is in
fact an intermediate step between the
main stages.”
Process Transparency | Suggestions for clarifying under- | “It’s essential to establish the expected 4
lying design choices and justify- | relationship between the message to be
ing each phase’s rationale. conveyed and the respective audience
tpe.”
“It is important to define what
this interaction means: is it the music
influencing the visuals, the audience
interacting, or something else?”
Refining Process | Feedback focused on improving | “Perhaps sub-steps could be included in 6
Structure structure by breaking down or re- | the diagram to avoid leaving the stage
organizing the steps. too atomic.”
“I would differentiate the evalua-
tion phase from the main phases in the
diagram and description.”
Designer Preparation | Comments regarding required | “It is essential to highlight the need for 2
designer skills and preparatory | prior training for designers to be ade-
actions. quately prepared.”
Expanding Theoreti- | Requests to include references or | “There is vast literature on how musical 4
cal Foundation frameworks to support the emo- | features relate to emotions [...] it would
tional and aesthetic decisions. be beneficial to incorporate this.”
Future Research Di- | Ideas that propose extending | “Later on, decision trees or finite state 3
rections Thunder’s use or developing | machines could be tested to automate
complementary tools. parts of prototyping.”’
“This proposal could also address
artistic or accessibility experiences,
exploring synesthetic aspects.”

While these approaches hold potential, they are currently con-
sidered beyond the immediate scope of the project and will
be examined in future studies.

Another area for future exploration involves accessibil-
ity and inclusivity in musical visualizations. Some experts
emphasized the importance of considering accessibility, and
artistic experiences. While these aspects are highly relevant,
they fall beyond the current scope of Thunder and will be
acknowledged as directions for future research. Future itera-
tions of Thunder may explore methods for making musical
visualizations more inclusive to diverse audiences, including
users with sensory impairments.

6 Thunder: Key Improvements and
Structured Process
Thunder is a structured and iterative design process devel-

oped to create music visualizations with a focus on emotional
communication. The refined version builds upon the orig-

inal user-centered approach, incorporating expert feedback
to improve clarity, process structuring, and evaluation rigor.
The most significant changes from the pre-refined version
include:

* A restructured Conceptualization phase, now aimed at
ensuring that songs with multiple emotional contexts are
contemplated through mapping activities.

* The removal of Implementation as a core phase, allow-
ing flexibility in execution and technological adaptation.

* More structured feedback loops, ensuring that refine-
ments occur systematically based on external designers
evaluations.

* The inclusion of lists with specific criteria that indicate
to the designer when it is appropriate to move on to the
next step.

* An expanded Evaluation phase, now incorporating the
DECIDE framework to structure the planning of eval-
uation activities.

The refined Thunder process is structured into three main
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Figure 6. Thunder, a Design Process for Creating Music Visualizations focused in the Music’s Emotional Communication (zoom in for a more detailed view).

stages: Conceptualization, Prototyping, and Evaluation.
Each stage ensures a rigorous approach to designing emotion-
ally engaging music visualizations.

6.1 Step 1 - Conceptualization: Defining the
Emotional Communication

The first stage establishes the foundation for the visualization
by defining its emotional intent and visual aesthetics. Unlike
the pre-refined version, this stage now explicitly separates
Musical and Emotional Decisions from Style Decisions,
ensuring that the music’s emotional communication drives
aesthetic choices rather than occurring in parallel.

Musical and Emotional Decisions: Designers select a
musical piece and analyze its emotional content. A key re-
finement in this version of Thunder is the explicit temporal
mapping of emotions within the music. This ensures that
multi-emotional contexts within a song are accurately rep-
resented in the visualization. By segmenting the music into
emotional phases, designers can structure the visualization to
reflect these shifts dynamically.

Style Decisions: With emotional mapping complete, de-
signers move on to artistic choices, ensuring that the selected
visual style reinforces the music’s emotional message. The
refined process provides clearer guidelines for building mood-
boards and sketches, aligning aesthetics with sound before
moving to prototyping.

6.2 Step 2 - Prototyping: Iterative Refinement
of the Visualization

The prototyping phase kept its basic structure divided into two
levels: Medium-Fidelity Prototyping and High-Fidelity
Prototyping

Medium-Fidelity Prototyping: serves as the initial ani-
mated representation of the visualization, incorporating key
interaction points between music and animation. The first
prototype features a simplified color palette, basic visual tran-
sitions, and an initial synchronization between the chosen
musical elements and the visual representation. At this stage,
an iterative feedback session is conducted with external de-
signers who assess whether the prototype effectively conveys

the intended emotions, whether the aesthetic choices facili-
tate comprehension, and whether the musical elements are
successfully translated into visual interactions.

High-Fidelity Prototyping: The process progresses to-
wards a polished visualization, incorporating adjustments
from feedback. This version of the prototype includes full
animation of the entire musical piece, improved visual re-
finement, and a clear definition of interactive elements. The
high-fidelity prototype serves as the closest representation of
the final product before implementation.

6.3 Step 3 - Evaluation: Assessing Emotional
Impact and Design Coherence

Evaluation now plays a more structured role in the refined
Thunder, ensuring that feedback is integrated throughout the
process. The stage kept its original structure, divided into
three activities: Feedback Sessions, Laboratory Testing,
and Field Testing.

Feedback Sessions: These sessions occur after the concep-
tualization phase and during prototyping, and involve external
designers. The goal is to assess the effectiveness of emotional
communication, the coherence of aesthetic decisions, and the
integration of musical and visual elements.

Laboratory Testing: This step evaluates the emotional
response of users in a controlled environment and assesses the
effectiveness of interactive elements. Unlike the pre-refined
version, the refined Thunder incorporates the DECIDE frame-
work as subactivities to ensure a well-structured evaluation
planning, including participant selection, data collection, and
analysis.

Field Testing: After implementation, the visualization
undergoes real-world evaluation to validate emotional im-
pact. The refined Thunder diagram now explicits this stage
re-iterations, meaning that unsatisfactory results may prompt
refinements and further testing before finalizing the visualiza-
tion. The DECIDE framework was also used as subactivities
to ensure consistency in planning, execution, and assessment
of results.
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6.4 Implementation: A Flexible External Pro-
cess

In the refined version of Thunder, implementation is no longer
structured as a fixed internal stage, but rather conceptualized
as an external and adaptable step. This decision stems
from the understanding that implementation is highly depen-
dent on technical, contextual, and logistical variables that
differ substantially across design scenarios. Maintaining it
as a prescriptive phase would reduce the process’s versatility
and potentially constrain designers working under diverse
conditions.

By externalizing this step, Thunder allows the final visu-
alization to be developed through a range of implementa-
tion strategies. Whether realized as a real-time system [Graf
et al., 2021], a rendered animation [Disney, 1940], an audio-
visual installation [Erdmann ef al., 2025], or a browser-based
experience [Lee and Hong, 2025], the choice of implemen-
tation remains open to adaptation, ensuring the emotional
and aesthetic intentions defined in the design process can be
preserved regardless of platform or technology.

This flexibility reinforces Thunder’s focus on emotional
communication and expressive design, recognizing that the
implementation phase often involves multidisciplinary col-
laboration and is shaped by factors such as available infras-
tructure, production timelines, and exhibition formats. Rather
than prescribing a single mode of execution, Thunder en-
courages designers to treat implementation as a continuation
of the design rationale—adjusted to context—thus broaden-
ing its applicability across both creative and technological
landscapes.

7 Echoes of Thunder

Having presented the refined Thunder design process, this
discussion brings a reflective critique of the essential chal-
lenges and insights arising from this context. We discuss
the subjectivity inherent in designs for emotional engage-
ment, the unexploited potential of music and visualization to
promote psychological wellness, and the need to go beyond
conventional metrics.

As we move through these reflections, we offer a few
thought-provoking questions that we expect to serve as start-
ing points for an innovative research agenda.

7.1 Strengthening Thunder: Insights from the
Expert Refinement

The refinement of Thunder emerged from a clear need: to
transform a process that had proven effective within a specific
project into a more structured and widely applicable approach.
While the original version of Thunder successfully supported
the development of emotionally engaging music visualiza-
tions, its construction within the boundaries of a single design
experience highlighted areas where the process could benefit
from clearer guidance, broader applicability, and stronger
methodological grounding.

Rather than viewing these early traits as limitations, we saw
them as opportunities for intentional growth. One of the main
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strengths of the original version was its creative flexibility
— phases could merge intuitively, and designers were free to
improvise based on their understanding of the music and de-
sign goals. In the refined version, we sought to preserve this
creative space, but now supported by clearer transitions be-
tween steps, structured decision points, and a more balanced
relationship between openness and methodological clarity.

A particularly impactful refinement lies in how the con-
ceptualization phase was reorganized. While the original
version included emotional and aesthetic decision-making,
the implicit simultaneity of these steps sometimes obscured
the central role of emotional intent. Based on expert feedback,
we refined this structure into two distinct but connected mo-
ments: the mapping of the emotional narrative of the music,
followed by stylistic exploration guided by those emotional
insights. This change reinforces emotional communication
as the core driver of visual decisions and provides designers
with a more intentional structure for aligning mood and style.

Another shift — also based on the expert feedback — was
the removal of implementation as a fixed internal phase. Ex-
perts pointed out that technical execution often depends on
contextual factors not foreseeable during early design, such
as available tools, collaborators, or the intended format of
presentation. By treating implementation as an adaptable
continuation rather than a prescribed stage, Thunder is now
better positioned to accommodate a range of technological
environments while still preserving its expressive goals.

One of the most actionable insights from the expert review
was the recognition that the process diagram alone, while
helpful, does not fully capture the nuances and tacit knowl-
edge embedded in each stage. In response, we are developing
a complementary template that will accompany the Thunder
diagram. This resource will include expanded explanations,
practical examples, and methodological suggestions, offering
clearer support for less experienced designers or multidisci-
plinary teams who may not be familiar with all aspects of
emotional visualization design.

Overall, the expert review was not only instrumental in
refining specific components of Thunder — it also validated
the potential of the process while identifying concrete areas
for enhancement. The feedback allowed us to articulate de-
sign rationales that were previously intuitive, clarify decision-
making criteria, and better support designers in navigating the
emotional and aesthetic dimensions of music visualization.

Ultimately, these refinements reinforce Thunder’s founda-
tional aim: to support the creation of emotionally resonant
music visualizations. At the same time, they invite deeper
reflections on how we approach affective design. As Thunder
evolves into a more structured, and grounded method, we are
also invited to reconsider the relationships between emotion,
visualization, and design practice itself — shifting the focus
from merely representing music to intentionally shaping the
affective landscapes of digital experience.

To guide future investigations, we propose the following
thought-provoking questions:

* How can design processes like Thunder maintain adapt-
ability and creative openness while still offering the clar-
ity and structure needed for reproducibility across di-
verse teams and contexts?
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* Could Thunder evolve to support collaborative author-
ship — bringing together composers, psychologists, or
even audiences — to co-design emotionally resonant mu-
sic visualizations?

7.2 Dealing with the Subjectivity in Emotion-
ally Resonant Music Visualization

Emotions are subjective individual experiences that are a
function of the particular individual’s history, culture, and
personal preferences, such that different people interpret and
react differently to the same stimulus [Juslin and Vistfjall,
2008; Cowen et al., 2020]. This subjectivity makes selecting
and synchronizing visual elements with musical elements
very important.

Thunder addresses this complexity through the application
of an iterative design process, which allows for ongoing re-
finement through user feedback and evaluation. In particular,
the repeated testing of medium- and high-fidelity prototypes
allows designers to match the visual elements to the desired
emotional message progressively. Despite the advantages
of iterative design, though, achieving universally consistent
emotional responses continues to be a problem. Additional
research must focus on comprehending and dealing with indi-
vidual variations in emotional perception and reaction. This
could involve integrating personalized features into visualiza-
tions or enabling users to personalize the visual experience in
such a manner that it more closely aligns with their personal
preferences.

Another critical aspect involves balancing aesthetic deci-
sions with functional elements that interact meaningfully with
the music. While the visual appearance is critical to audience
engagement, it should not overwhelm the interactive elements
that represent the musical components. This balance is partic-
ularly challenging during the high-fidelity prototyping phase
of Thunder, where designers must ensure the visualization re-
mains visually captivating and functionally informative. This
aligns with findings from Holm and Siirtola (2012), who em-
phasized the need for harmony between visual and musical
elements in their guidelines for music visualization systems.
Furthermore, it is important to consider the excess of interac-
tive elements competing within the visualization, a concern
already noted in the literature as potentially affecting audience
focus [Almeida et al., 2021]. This aspect may be related to the
lower scores of Focused Attention observed in the UES-Br
applied to the initial visualizations (before applying Thunder),
which suggests that a balance between visual richness and
clarity is essential.

Still, another challenge in this context is the inherent sub-
jectivity introduced when a single designer creates a visual-
ization. The designer’s personal, emotive perceptions and
experiences can’t help but filter through the visual elements
and their synchronization with the music. This can result in a
biased representation of the intended emotional impact. This
could be why the emotional response some visualizations
provoke might be distorted by the audience, as the feelings
and sentiments of the designer would not align with the diver-
sified emotional landscapes of different users. To decrease
this type of subjectivity, in our process to develop Thunder,
we included two designers and two researchers who were not
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part of the design process to collect feedback from different
perspectives. We advocate that a multi-disciplinary team ap-
proach is necessary to design — where the psychology domain,
musicology, visual arts, and user experience design come
together to maximize the universality of emotional communi-
cation.

Addressing these design challenges requires a deeper in-
vestigation of the underlying mechanisms of emotional com-
munication. To inspire future research in this area, consider
the following provocative questions:

* Given the subjective nature of emotion, can we move be-
yond universal emotional mappings to create Al-driven
visualizations that learn and adapt to individual affec-
tive profiles, minimizing negative impacts prior to their
occurrence?

* What are the neurological mechanisms by which syn-
chronized audio-visual elements create synergistic emo-
tional responses? Can we use this knowledge to create
algorithms that can produce engaging visuals on their
own?

7.3 Fostering Well-being Through Intention-
ally Designed Music Visualizations

The complex interaction between well-being and emotions
has been extensively documented across various academic
fields, demonstrating the influence of emotions on human
experiences and well-being [Ryan and Deci, 2001; Diener
and Chan, 2011]. Emotional well-being is a key factor in
mental health, influencing cognitive processes, behavior, and
quality of life [Keyes, 2007; Huppert, 2009]. Understanding
the mechanisms that underlie emotional responses and their
effects on well-being can inform various applications.

Music plays a significant role in this dynamic as a power-
ful emotional stimulus. Its ability to evoke deep emotional
responses and enhance well-being is well-established in re-
search and practical contexts [Koelsch, 2014]. The structural
elements of music — tempo, melody, harmony, and dynamics
— interact with listeners’ cognitive and affective systems to
evoke a wide range of emotions, from joy and relaxation to
sadness and tension [Juslin and Laukka, 2004; Salakka et al.,
2021].

Thunder is aligned with that perspective because it con-
siders music’s intrinsic emotional quality to help develop
visualizations that enhance the emotional depth of interactive
applications. This is supported by the Self-Determination
Theory (SDT) [Ryan and Deci, 2017], a psychology theory
widely used in HCI that focuses on intrinsic motivation, au-
tonomy, and competence for well-being. Thunder can foster
a sense of intrinsic motivation by creating immersive expe-
riences that resonate deeply with users. It encourages users
to engage with the visualizations out of genuine interest and
enjoyment. This is particularly relevant in digital storytelling
and artistic settings, where the effective integration of music
and visuals can significantly enhance the story’s emotional
impact and help communicate an underlying message.

Furthermore, Thunder can be particularly beneficial to im-
proving the sense of autonomy in contexts with limited access
to music, such as for individuals with hearing impairments,
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contributing to their overall well-being and integration. Our
research corroborates the work of Pouris and Fels (2012) and
Fourney and Fels (2009), that highlight the importance of
accessible music experiences for the deaf and hard-of-hearing
communities. By enhancing the emotional expressiveness
of music visualizations, Thunder offers an accessible way
to experience the emotional content of music through visual
stimuli, making the benefits of music more inclusive.

In order to find out how Thunder and music visualizations
can promote well-being, we have to look closely at the ways
they affect emotions. So, the following questions are to en-
courage future research:

+ Can Thunder-designed visualizations be strategically ap-
plied therapeutically to encourage emotional processing
in a way that allows users to engage and resolve negative
emotions in the context of a safe and nurturing space?

* Beyond hearing-impaired accessibility, how could Thun-
der be made accessible to other forms of sensory and
cognitive diversity, creating visualizations that are inclu-
sively accessible and supportive of the well-being of all
users regardless of ability or neurotype?

7.4 Going Beyond Engagement in Immersive
Audio Experiences Evaluation

Sound is a potent force in shaping emotions and experiences
within immersive environments, ranging from musical vi-
sualizations to games and virtual reality (VR). While it can
enhance engagement, immersion, and well-being, it can also
manipulate, induce anxiety, or divert attention for exploita-
tive purposes. Recognizing this dual nature is crucial for
responsible immersive experience design.

Applying SDT principles to audio design using Thunder
suggests that catering to users’ needs for autonomy, com-
petence, and relatedness can enhance their engagement and
well-being. For example, customizable sound settings, clear
feedback mechanisms, and audio features that foster social
interaction can all contribute to a more positive long-term
user experience.

Generalizing research findings beyond specific application
types, such as musical visualizations and VR experiences,
helps mitigate potential biases and provides a more compre-
hensive understanding of the interplay between audio, user
experience, and immersive design. Future research should
employ mixed-methods approaches to measure and compare
audio’s impact on UX across diverse applications and con-
texts. This includes examining how audio interacts with UX
in varying noise levels, distraction, immersion, and social in-
teraction scenarios. Besides, research must consider a diverse
range of participants with varying demographics, preferences,
and experiences, including individuals with auditory sensi-
tivities (e.g., misophonia, hyperacusis) or other pre-existing
conditions that might influence their responses to audio stim-
uli. Statistical analysis can then be used to test hypotheses
about the relationship between audio characteristics, UX, and
well-being constructs, while also controlling for the potential
influence of individual differences in auditory processing.

The relentless pursuit of engagement in various immersive
experiences, from games to VR, often overshadows the crit-
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ical role of user experience in promoting well-being. This
focus on “engagement at all costs” can neglect long-term im-
pacts. One step toward overcoming this scenario is a deeper
understanding of how audio influences user emotions, behav-
iors, and mental states.

Audio is a powerful, though often overlooked, aspect of
immersive experiences. It has the power to evoke strong emo-
tional responses, influence people’s sense of presence and
realism, and can even impact cognitive processes. On the
other hand, poorly designed audio can be distracting, irritat-
ing, and even harmful. Knowing how sound affects human
beings is essential in creating experiences that are healthy and
pleasant for users. This encompasses aspects of sound quality,
spatial distribution of sound, using sound effects and music,
and avoiding excessive noise. Properly crafting the sound
enables creators to craft experiences that calm people down,
concentrate them, and make them feel good, as opposed to
stressing and annoying them. This thoughtful design must
also consider the possibility that certain frequencies, sound-
scapes, or dynamic ranges will evoke negative reactions in
certain individuals, and thereby produce over-stimulating or
anxiety-provoking spaces.

Hence, we must move beyond superficial metrics and eval-
uate UX through a lens that prioritizes both immediate en-
joyment and long-term well-being. We hope that applying
Thunder is a step in moving the design of musical visualiza-
tions toward being more holistic and beneficial.

Achieving this vision requires carefully considering our
design priorities and investigating more about how sound af-
fects users implicitly. However, a review of the literature on
immersive audio assessment reveals that there are challenges
in using common frameworks to mix measures in subjective
data, such as self-reports, with the physiological effects of dif-
ferent sounds [Nunes and Darin, 2024], so further validation
and frameworks are needed to understand such connections.
This limited integration between subjective assessments and
biometric data reduces the power to draw insightful conclu-
sions.

To motivate future work that shifts the paradigm for audio
visualization, we propose the following guiding questions:

* Beyond measuring emotional responses at the moment,
how can we develop longitudinal evaluation frameworks
that assess the sustained impact of audio visualizations
on users, identifying and addressing any potential long-
term harms?

+ Can we develop intelligent audio visualization systems
that adapt in real-time to a user’s auditory sensitivities
and cognitive state, dynamically adjusting parameters
like sound intensity, complexity, and emotional valence
to optimize their experience?

* What novel combinations of subjective (e.g., narrative
accounts, focus groups) and objective (e.g., biometric
sensors, behavioral tracking) evaluation techniques can
better capture the multi-faceted nature of the audio visu-
alization experience?

8 Threats to Validity

In addition to presenting the refinement of the Thunder pro-
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cess, it is essential to reflect on the methodological rigor of
this study critically. This section outlines potential threats
to the validity of the findings and describes the strategies
adopted to address them, based on three classical dimensions:
internal, external, and conclusion validity.

A key threat to internal validity arises from the dual role of
the authors, who were involved both in developing the Thun-
der process and in conducting its evaluation. This overlap
can introduce unintentional bias, particularly during the inter-
pretation of data. To mitigate this risk, expert feedback was
collected anonymously via an online form, and interpretations
were based on recurring patterns across responses rather than
isolated comments. Thematic analysis was initially conducted
by one of the authors using a straightforward inductive cod-
ing approach. However, the full coding process and resulting
interpretations were reviewed by a second researcher with
over ten years of experience in HCI and qualitative methods.
This independent review provided additional methodological
rigor, helping to validate the consistency and relevance of the
identified themes.

With only three expert participants, the external validity
of the study is limited, especially in terms of generalizability
to broader professional or cultural contexts. Nevertheless,
the experts were purposefully selected based on their diverse
backgrounds in design, computing, HCI, and music, offering
thorough complementary perspectives that helped mitigate
the homogeneity of the sample. Although statistical general-
ization was not the primary goal, future work should involve
a larger and more diverse expert panel to support the broader
applicability of the results.

Given the small number of participants and the qualitative
nature of the evaluation, the strength of the conclusions is nat-
urally limited. Thematic analysis was conducted to identify
prominent suggestions, rather than developing formal theories.
As such, the findings should be interpreted as exploratory and
context-specific. Future applications of Thunder — particu-
larly in case studies involving users and practitioners — will be
necessary to reinforce the empirical foundation of the process
and support stronger inferences.

9 Conclusion

This paper introduced the refined version of Thunder, a struc-
tured design process focused on creating emotionally expres-
sive music visualizations. Originally developed within a spe-
cific design scenario, Thunder showed promising results in
supporting the emotional communication of music through
visual language. However, its initial formulation revealed the
need for broader methodological clarity and greater adaptabil-
ity when applied beyond the specific context in which it was
originally developed.

To address this, we conducted an expert review involving
three specialists in Music, HCI, and Computing, whose feed-
back played a pivotal role in shaping the current version of
the process. The new version features clearer phase distinc-
tions, systematic evaluation points supported by the DECIDE
framework, and increased flexibility through the externaliza-
tion of implementation. These refinements strengthen Thun-
der’s potential to be applied in diverse technical and creative
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scenarios while preserving its core emphasis on emotional
communication. The process now balances creative freedom
with structured guidance, making it more accessible to mul-
tidisciplinary teams and applicable across varying levels of
design expertise.

Looking ahead, we plan to apply the refined Thunder in a
new case study to validate its practical effectiveness and adapt-
ability. Further research will explore its use in interactive
and personalized visualizations, accessibility-driven contexts,
and long-term emotional impact. These paths aim to extend
Thunder’s influence beyond static visualizations toward more
dynamic, inclusive, and responsive design practices.

By presenting a process grounded in expert review and
oriented toward real-world application, we hope Thunder
can serve not only as a methodological contribution to music
visualization, but also as a critical reflection on how emotional
meaning is constructed, expressed, and experienced through
design.
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