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Abstract

This thesis explores the design space of remote music performances through a Human-Computer Interaction
(HCI) lens, responding to the rapid changes in the music industry which were trigged by global shifts towards
digitalisation. My work aims to add to the existing body of work in remote and hybrid music performances,
contributing towards bridging the gap between theoretical research and practical applications in technology
design for remote music engagement. | do this by focusing on two key stakeholders: musicians and audiences.
The research is grounded in a human-centred approach, utilising methodologies from design research to dive

into the experiences, needs, and aspirations of the two stakeholder groups.

First, | examine how musicians’ practices have evolved within remote and hybrid settings, identifying tech-
nological gaps in facilitating remote rehearsals in varied acoustic and visual spaces. Then, | transition to
understanding remote music audiences’ changing behaviours and expectations, investigating what they seek
from remote music experiences now and in the future. In the latter part of the thesis | present a ‘Designer’s
Toolkit, a compilation of design suggestions in the form of intermediate-level knowledge intended to inspire
future work in remote music performances and the wider field of HCI. It bridges the findings from the initial
explorations into actionable guidelines. Moreover, in this part, | also reflect on my positionality as a researcher
within the research and describe how it has evolved throughout my PhD journey, with the aim to relate to other

researchers working in complex and interdisciplinary domains.

Throughout my investigation, the thesis contributes to the fields of music and HCI (and beyond) by provid-
ing a fresh perspective on the current landscape of remote music performances. By doing so, my research
aspires to offer inspirational starting points for future work and design initiatives that ultimately enhance
the overall experience of music performed and experienced remotely for both musicians and audiences in
the post-pandemic world. In addition, | advocate for human-centered approaches both towards technology
design in the space, but also towards ourselves as researchers. For interaction design researchers, the work
contributes methodological and conceptual tools for designing with and for complex experiential domains.
For musicians and artists, it offers reflections and design directions grounded in their lived practices, sup-
porting both creativity and adaptability in remote performance contexts. For music industry professionals
and platform developers, it raises considerations around audience experience, engagement models, and the

broader design of remote performance ecosystems.
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Chapter 1

Introduction

In recent years, remote music performances have emerged as an exciting design space, reshap-
ing how we create, share, and experience music. In this thesis, | explore the unique opportunities
and challenges that emerge when music moves beyond physical venues and into digitally mediated
spaces [97, 348, 427]. Focusing on the perspectives of two primary stakeholderanusicians and audi-
ences, | build on previous research in areas such as networked music performance [287], sociology
[481, 483] and musical eXtended Reality (XR) [468]. While earlier studies have tackled technical issues
like latency and sound quality [87], or examined user behaviour on speci ¢ platforms like Twitch and
Instagram [380, 481], my research takes a broader, human-centred lens. | engage directly with musi-
cians and audiences using qualitative methods, including interviews, workshops, observations, and
surveys. Through this process, | explore how technology can support artistic expression and immer-
sive experience in remote settings. My work results in practical design suggestions, methodological
insights, and technological prototypes that inform the development of remote music experiences
that resonate with people. As remote performances become increasingly common, shaped by rapid
technological development and evolving audience expectations, understanding them as a medium

in their own right is both timely and necessary.

In this introductory chapter, | de ne remote music performances and explain the need to study them
further. | share the motivations behind my work and outline the main research questions guiding
the investigation. | then discuss my methodology, explaining why it is suited to the topic and how it
supports exploration of the human aspects of remote music. | also re ect on my positionality and
its in uence on the research approach. Finally, | provide an overview of the thesis structure, giving

the reader a roadmap of what to expect in the chapters ahead.



1.1 Research space and motivation

Music doesn't get in. Music is already in. Music simply uncovers what is there, makes you
feel emotions that you didn't necessarily know you had inside you, and runs around waking them

all up. A rebirth of sorts.

Matt Haig, How to Stop Time

Have you ever picked up an instrument and felt the world fade away while immersed in its music?
Or stood among a crowd at a concert, the vibrations of the bass coursing through you, connecting

you to the performer and everyone around you?

Music performance has a unique ability to immerse us completely, whether we are creating or expe-
riencing a performance [399]. In a concert hall big or small or a rehearsal room, music lls our entire
body. For both musicians and audiences alike, this experience goes beyond sound. It is an intricate
blend of environment, presence, social connection and interaction that engages all ve senses to
generate a feeling of being entirely in the music and in the present [511]. Every time music is played,
it becomes a communal event where the people (whether audience or other musicians), space, and

sounds come together to form a complex, sensory experience, that is often magical [433, 511].

For musicians, creating and playing music are an irreplaceable form of expression. The synergy
with fellow band members during practice, the immediate feedback from the audience in concerts,
and the ambience of the venue they play in; everything contributes to a truly immersive experience
(by immersive, | refer to a sense of being fully engaged in the moment emotionally, physically, and
socially; see Section 2.1 for a detailed discussion). Every performance is a one-of-a-kind event, shaped
by spontaneous interactions and the energy of the moment. Audiences, too, can experience the
immersiveness that comes with live music. Listening to a recording on a service like Spotify might
feel intimate, but hearing the same music live, surrounded by others, introduces a multisensory
guality that ampli es the experience [189]. In a crowd, music becomes a source of shared emotion,
turning individual reactions into collective moments; connecting people to the artist and to the music

to each other. The communal atmosphere, the sound lIling the room, and the understanding that
this moment is unique such elements turn live music into something di cult to replicate in other

settings [167, 511].

But, in early 2020, the immersive experiences music enabled came to an abrupt halt...

When COVID-19 hit, it felt like life paused for a while, and the music with it....

3



The pandemic a ected most aspects of our daily lives, and how music is created, shared and expe-
rienced was no exception. Rehearsal spaces closed, stages of all sizes fell silent, and the familiar

rituals of live music were put on hold for a long time.

Musicians found themselves isolated; their creative practices disrupted [85]. The spontaneous inter-
actions and creative exchanges with their fans that fuel their practice became suddenly absent. It
was not just about cancelled shows and loss of income [131], it went far deeper. Practice rooms were
empty; rehearsals happened in glitchy Zoom calls; the spark of existing in the same space with other
musicians was also gone. Staying at home also impacted their wellbeing and, consequently, their
creativity. They struggled to write music or develop ideas [85]. Audiences, too, felt the impact of the
abrupt change. The communal joy of live performances was brought to a stop. The anticipation of
buying tickets, the feeling of the bass pumping in their chests, and the energy of the crowd were all
lost due to social distancing measures [320]. Music lovers (myself included) found themselves cut
o from experiences that once brought happiness and comfort. Musicians and audiences alike had
to adapt to the "new reality' [443], where the physical and shared experience of music, an essential

component of our cultural and social lives [433], was no longer possible.

In the silence, though, the connection and immersion that musicians and audience craved had not
entirely disappeared. It moved online. Musicians began to embrace technology more than ever
before. Even those who had never incorporated technology into their practices turned to social
media and online rehearsals to keep going [414, 443]. The internet became their new concert venue,
many streaming on Instagram and hosting concerts from their homes on bespoke platforms [380].
Audiences followed. Music streams became a regular occurrence, something to look forward to. Of
course, digital experiences are not the same as attending in person [481] you lose a lot through
a screen but they kept the ame alive. It was a necessary adaptation to a temporary crisis for
those seeking to reconnect with the music and communities they loved. These digital performances
were stopgaps, but they sparked questions that went beyond temporary crisis. Could remote music

performance become something more? Could it support creativity and connection in new ways?

And that sparked something in me. Initially, my PhD was about using technology for emotional well-
being, but then... well, the world changed, so my thesis changed too. As a music lover | was missing
the shows. But what about the musicians? Their whole world revolved around live performances
and that was now lost. That is when the focus of my thesis began to form. | started to ask myself:
Could remote music performance become immersive?

Could we design technologies that didn't just substitute what was lost; but o ered something new?



During the pandemic, the importance of connection and creativity in our lives, even or perhaps
especially when we are physically apart, was more evident than ever before. The abrupt changes it
brought prompted an exploration of alternative musical expression and connection formats, fuelled
by technological developments like the Internet of Things (loT), Arti cial Intelligence (Al), and the
Metaverse [464, 468]. Digital platforms became lifelines, accelerating innovation and adoption in
ways we had not anticipated [85, 251], leading to the rise of remote music performances. As the
world slowly recovered, the shift towards digital platforms became even more prominent 1. Therefore,

starting to characterise the design space of remote music performances is more relevant than ever.

Within my work | de ne remote music performances as a wide range of musical activities where
artists, audiences, or collaborators are not physically present or co-located, including digital prac-
tices that extend beyond traditional performance settings. The broad scope spans everything from
live-streamed concerts [380, 481] to virtual collaborations [126] and solo performances in virtual
spaces using technologies like Virtual Reality (VR) [364]. By embracing this wide-ranging de nition,
I acknowledge the diversity and richness of musical engagement in the digital age, emphasising
the growth of remote music performances as a distinct and relatively unexplored design space that

signi cantly diverges from traditional in-person models of music practice and performance [362].

My thesis aims to build on existing work, as well as inspire new ideas in the design space of remote
music performances. | investigate how technology can be designed to enhance both musicians' artis-
tic expression and the immersive experiences of audiences in remote settings. The pandemic was the
trigger; but my thesis is not about the pandemic. Instead, it responds to a longer-term transforma-
tion in how we experience music, which has opened a distinct design space. This is not simply about
translating physical experiences online. It is about exploring what remote music performances can
o er on their own terms: new forms of presence, interaction, creativity, and connection that diverge
from, but also complement, what happens in a venue. What happens when a music performance
goes virtual? What does that look and feel like? How can we capture the essence of immersion and
connection that live music provides and translate it into the digital space? = More importantly, how

can we design technology to o er something unique instead of being a poor substitute?

To explore these questions, | adopt a bottom-up, human-centred approach, engaging directly with
musicians and audiences to understand their needs, desires, and challenges in this new landscape.
Through interviews, workshops, observations, and surveys, | contribute to this emerging design space,

identifying what is challenging and where we can intervene and innovate in both design and research.

thttps://unitedtalent.app.box.com/v/UTACOVIDConsumerStudy



Together with both the musicians and the audiences | interacted with, we imagined how to design
technology, not just for now but as we move forward. | learned a lot from these conversations, and

I hope that through my thesis, other researchers and designers learn too.

My perspective might di er from others in this eld: | am not a musician, computer scientist, or
engineer. | seek to nd that middle ground where technology becomes a tool for musical expression.
Drawing on principles from HCI, music technology, and design research, | also advocate for a shift
toward human-centred design when considering technology in this space, that is, creating interactive
systems intricately aligned with the evolving needs of musicians and audiences. By focusing on the

human aspects | wish to inform the development of technology that genuinely resonates with people.

In doing so, | hope to contribute to a future where technology does not just bridge the gap caused by
physical distance but enriches our musical experiences in unprecedented ways. Whether enhancing
artistic expression for musicians, creating more immersive experiences for audiences, or facilitating
new forms of collaboration, the potential of remote music performances is vast and largely untapped.
A remote performance should not feel like a compromise, it should be a unique experience by itself.
Imagine feeling the energy of the crowd surge toward you, even from your living room, or like you
are playing music in the Royal Albert Hall while at home. Regardless, the goal is not to replace
live venues and their magic but to create an alternative medium that complements them. Doing
so can help us support in-person performances better, ensuring they thrive alongside their digital

counterparts. Through exploring this space, | want to play a part in shaping its next chapter.

This work speaks to multiple audiences. For researchers in HCI and design, it o ers methodological
and conceptual contributions for understanding and shaping complex design spaces. For musicians
and artists, it re ects their lived experiences and presents design possibilities grounded in real needs
and practices. For those working in the music industry or platform development, it raises practical
and ethical questions around audience engagement, accessibility, and the future of performance
infrastructure. At its core, the thesis is a call to approach technology design in this space with care

and an understanding of music as more than content, as shared, situated experience.

Dear reader, as you read my thesis, | invite you to consider the incredible opportunities for creativity
and connection that lie ahead in the design space of remote music performance beyond the chal-
lenges posed by the pandemic. If we focus on the human elements that make music so powerful,

we can design technologies that enhance the magic of live performances, even when we are apart.



1.2 Research questions and contribution

Exploring the design space of remote music performances allows me to reimagine how musicians
and audiences engage with live music in the digital age. My research seeks to re-envision musical
performances in remote settings rather than adapt current practices to digital formats, using human-

centred design methodologies. Moreover, working on this topic allows me to explore where | am

within this space, identifying what my own voice brings to the table.

The main research questions guiding my work are:

RQ1:How do musical creative practices and performances adapt to remote contexts, and what

is the role of technology in facilitating this adaptation?

RQ2:What are the needs and desires of musicians and audiences experiencing music perfor-

mances remotely?

RQ3:How do musicians and audiences perceive the opportunities and challenges of technology
in remote music performances, and what implications do these perceptions when we design

technology for them?

RQ4:How can we use human-centred methodologies to design technology with musicians and

audiences that enhance the remote music experience?

Throughout this thesis, | tackle these questions by immersing myself in the world of remote music
performances (See Table 1 for details). | engage directly with musicians and audiences, attend events,
facilitate workshops, and develop and re ne prototypes to understand how to enhance the remote

music experience from the ground up. Here are the key contributions my work makes:

Exploring the existing research landscape. Throughout my thesis, | o er an overview of existing
research on remote music performances, identifying key themes, trends, and gaps in the literature.
This review covers a wide range of areas, including networked music performance, the sociology
of music, music in XR, and technology-mediated audience participation. This exploration directly
addresses RQ1by providing a foundation for understanding how musical practices and performances
adapt to remote settings. It also informs RQ2and RQ3by outlining the existing knowledge about

musicians' and audiences' needs and perceptions regarding technology in remote music experiences.



Table 1: Mapping of research questions to chapters with brief explanations from the researcher's perspective.

Research Question (RQ)

Chapters Addressed (How | Answered the Question)

RQ1: How do musical creative practices
and performances adapt to remote con-
texts, and what is the role of technology in
facilitating this adaptation?

Chapter 2: | characterise the design space and survey existing techno-
logical approaches, exploring how practices adapted to remote settings.
Chapters 3 & 4: | investigate musicians' challenges and adaptations dur-
ing the pandemic, exploring the role and potential of immersive tech-
nology (VR Rehearse & Perform) in supporting their creative practices
and performances.

Chapter 5: | examine how performances are adapted across platforms
through audience observations.

RQ2: What are the needs and desires of
musicians and audiences experiencing mu-
sic performances remotely?

Chapters 3 & 4: | uncover musicians' needs and desires through inter-
views and prototype evaluations.

Chapters 5 & 6: | explore what audiences seek in remote performances
via surveys, interviews, and a co-design workshop.

RQ3:How do musicians and audiences per-
ceive the opportunities and challenges of
technology in remote music performances,
and what implications do these percep-
tions have when we design for them?

Chapters 3 & 4: | examine how musicians perceive VR's potential and
limitations, informing design choices.

Chapters 5 & 6: | investigate how audiences perceive remote technolo-
gies and identify design implications.

Chapter 7: | synthesise these insights into a design toolkit based on their

expectations, constraints, and needs.

RQ4: How can we use human-centred
design methodologies to inform and co-
create technology with musicians and au-
diences that enhance the remote music ex-
perience?

Chapter 3: | describe the methods used with musicians, including work-
shops and prototype development.

Chapters 5 & 6: | describe multi-method audience studies and a partic-
ipatory co-design workshop.

Chapter 7: | translate human-centred ndings into design dimensions
and actionable guidance.

Chapter 8: | re ect on the researcher's role and how re exivity shaped
the research process.

Understanding musicians' and audiences' experiences.

| adopt a human-centred approach, using

qualitative research methods to gain in-depth insights into the experiences, needs, and desires of
both musicians and audiences. | employ interviews, workshops, observations, and prototype eval-
uations to gather plenty of data. Focusing on understanding my users, addresses RQ2through un-
covering what musicians and audiences genuinely need and desire in remote music contexts. These
insights also inform RQ3by revealing how individuals see the potentials and challenges of tech-
nology and lay the groundwork for RQ4 guiding how human-centred design can enhance artistic
expression, practice, and the overall remote music experience. This contribution provides design-
ers and technologists with a broad understanding of user experiences, emphasising the vital role of

empathy in creating tools that genuinely support remote musical activities.

Speculative ideas and technological prototypes. | generate speculative design ideas that commu-
nicate insights and potential innovations within the eld of remote performances. | also developed

a proof-of-concept prototype demonstrating these ideas in practice, intending to help imagine and
disseminate best practices. This contribution directly addresses RQ4 showcasing how developers
can use human-centred design methodologies to create innovative technological solutions that en-
hance artistic expression and audience engagement. The prototype also provides valuable insights

into the practical application of VR for musical practice, addressing aspects of RQ1
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Design insights to open up the space. Building on my ndings, | o er a range of design suggestions
and opportunities for developing technologies that can enhance remote music experiences. | explore
di erent design dimensions, including sociality, embodiment, temporality, spatiality, and the senses,
and present speci ¢ recommendations for how these dimensions can be considered in the design
process. Additionally, | provide practical examples and guidance to assist performers, developers,
and designers in incorporating emerging technologies into their performance-based practices, span-
ning rehearsing, performing, and music consumption. This contribution directly respondsto RQ3and
RQ4 bridging the gap between the identi ed needs and perceptions of musicians and audiences and

the practical application of those insights in designing new technologies and experiences.

Methodological insights. | also contribute methodologically by demonstrating how participatory
and contextually sensitive methods can be used to design for remote music performance in ways
that centre the people involved. | draw on a range of approaches from interviews and workshops
to prototyping and in-the-wild observations to engage both musicians and audiences in shaping
the direction of the work. The methods | use were not applied in isolation but carefully adapted
to suit each stage of the research, whether designing with musicians in early studies or observing
existing practices in later phases. Across the work, re exivity played an important role in shaping
how | approached the research. Rather than adopting a neutral or detached stance, | treated my
own perspective as part of the inquiry something to be acknowledged, questioned, and adjusted.
This is particularly evident in Chapter 8, where | re ect on how my background, assumptions, and
emotional experiences in uenced not just what | studied, but how | studied it. My re ections are not
separate from the rest of the project: they shaped the questions | asked, the relationships | built, the
prototypes | developed, and the way | made sense of the ndings. In doing so, | extend the meaning
of human-centredness in research not only as a way of designing with and for people, but also
as a way of conducting research that recognises the humanity of the researcher. My methodological
contribution responds to RQ4by showing how careful, contextualised, situated, and re exive design

processes can support more human ways of working in HCI.

1.3 Research approach and methodology

Exploring the design space of remote music performances is inherently complex and multifaceted,
intersecting various domains such as HCI, music technology, sociology, media, design research, and

performance science. While my own research is primarily anchored within HCI, | acknowledge that



remote music experiences are shaped by a con uence of factors from the technological platforms
that facilitate them, to the social and cultural contexts that in uence their reception. Rather than
going in depth in any one of these aspects, my goal with this thesis is to take a broad perspective,
looking at remote music performances from several di erent angles, in the hope that it will inspire
new ways of thinking about them. Therefore, my approach is consciously generative, aiming to enrich
the design space with new or alternative ideas and inspire future work rather than respond to a spe-

ci c research gap or solving a problem [170], aligning with work by designerly HCI and beyond [179].

Acknowledging the exploratory nature of my research, | have adopted an interdisciplinary approach
to my work, grounded in a constructivist research paradigm [20, 412]. Constructivism posits that
knowledge is co-constructed through social interactions and shared experiences rather than being
objectively discovered. Understanding is built collaboratively between the researcher and partic-
ipants, acknowledging that both bring their own perspectives and experiences to the table. This
perspective is particularly tting for what | do, as | aim to understand phenomena deeply rooted in
personal and collective experiences [311]. Through recognising that multiple realities exist based on
individual perceptions, | explore the diverse ways musicians and audiences experience remote mu-
sic performances, each shaped by their unique backgrounds and desires. Engaging with the people

| design for and with, allows me to co-create knowledge that re ects their varied experiences.

Given the exploratory nature of my research, qualitative methods are the most appropriate choice, as
they allow participants to express themselves freely and share their stories [20, 311], enabling me to
capture the speci cities of their experiences, emotions, and challenges elements that quantitative

methods might overlook. Some of the methods | employ throughout the research include:

Interviews with musicians and audiences to gather in-depth insights into their experiences. The
conversational and prolonged nature of the interviews helps build rapport and encourages partici-

pants to go deeper into their thoughts and feelings.

Participatory sessions and co-design workshops to stimulate creative thinking, facilitate collabo-
rative exploration of ideas, gather diverse perspectives and eventually generate speculative design
concepts through which we can envision future scenarios and possibilities for remote music perfor-
mances. Workshops also empower participants to contribute actively to the research, aligning with

the constructivist emphasis on co-creating knowledge.

Observations of live-streamed music events on platforms like Twitch and VR Chat to gain context

for the participants' experiences. Witnessing interactions in real-time allows for identifying patterns,
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behaviours, and social dynamics that might not surface from self-reported data alone.

Prototype development, iteration and testing  to translate insights and abstract ideas into practical
applications. Technological prototypes enable me to bridge the gap between theory and practice,

ensuring that some of the things my work proposes are grounded in the lived realities of my users.

Re exivity and positionality  to remain critically aware of how my background and assumptions
shaped the research. My positionality helped build rapport with participants and interpret their
perspectives, but also in uenced what | paid attention to and how | framed opportunities. | regularly
re ect on these dynamics and discuss interpretations with collaborators, treating my position in the

research and my re exivity as an integral part of the research process.

My methodological choices align with a broader movement in HCI and related elds towards em-
bracing qualitative, human-centred, and participatory approaches when designing technology. Re-
searchers are increasingly recognising that understanding complex human behaviours and experi-
ences often requires methods that capture depth and context rather than just breadth and quanti -
cation [38, 52, 170, 171, 375]. This is particularly relevant to emergent design spaces where digital tech
is not widespread yet and where, as such, foundational values are still being de ned. Furthermore,
adopting a constructivist, qualitative approach is consistent with practices in elds such as sociol-

ogy and anthropology, where understanding social phenomena requires immersion, empathy, and

re exivity. For a detailed discussion of my methodological choices see Section 2.7.

1.4 Notes on the author's role within the research

Whenever | discuss my work, people are surprised when they nd out | am not a musician myself.
Fortunately, this initial surprise and their follow-up questions often lead to deeper conversations
about my unique position in the research. My experiences and professional background o er a
multifaceted perspective, which inevitably in uences the outcomes of my work. Building on the
third-wave perspective of HCI [179, 199], and in line with the constructivist approach | adopt, | embrace
my own positionality and re exivity within this thesis (rather than avoid it), acknowledging how it

in uences every aspect of the research process from the questions | ask to how | interpret the
data. Therefore, | made the intentional choice of writing this thesis in the rst person, incorporating
my own re ections where suitable [295]. Writing this way lets me be transparent about how my views

and experiences shape my work while also helping me remain critically aware of potential biases,
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ensuring that | continually check my assumptions against the realities presented by my participants.
The qualitative methods | use further support this and enable me to build relationships, gain a look
into my participants' worlds and co-construct knowledge with them. Their openness and willingness

to share their experiences are invaluable, facilitated by my work's empathetic nature.

So where am | located within this research?

| am a 29-year-old white, able-bodied woman, born and raised in Cyprus within a middle-class family.
Over the years, | have lived in various places, including eight years in the UK, one year in Germany,
and one year in East Asia (China and Singapore). My academic journey includes a Bachelor of Arts in
Digital Arts from the University of Kent, a Master of Arts in Global Innovation Design from the Royal

College of Art, and a Master of Science in the same eld from Imperial College London.

Although | am not a musician, my connection to the music world comes from my experiences as a
digital artist and an avid concert-goer. My previous collaborations with musicians and performers on
artistic projects, though outside the academic sphere, have given me an insight into their world, their
passions, creative processes, and challenges. At the same time, my non-musicianship makes me an
outsider, someone who is not embedded in the music scene or knows all its workings. This status
contributes to a view that is less about technical musicianship and more about the experiential
aspects of music performance. It enables me to approach the research with fresh eyes, o ering

insights that might not be apparent to those deeply ingrained within the space.

Furthermore, | consider myself a “professional live music audience' (see in Figure 1 photos from
some of the concerts | attended). Live music has always been a central part of my life. | have spent
hours queueing outside stadiums to see big bands and sat in poorly lit small bars to listen to some
local guys play the guitar something | still do at least once a week. For me, live music is one of
the purest forms of feeling alive. The music pumping through my chest, the eeting moments of
connection with the artist, and the collective energy of the crowd whether that's thousands of
people in a big stadium or 20 people in a bar make every event an experience that is lived and
felt. The memories | made at live music events are some of my best stories, and | am sure this is
also true for many other people. So back in 2020, when the pandemic hit and live music shifted
predominantly online, so did my music consumption habits. Like millions of others, | immersed
myself in countless livestreams during the lockdowns, nding solace in being an audience member

from my bedroom. This part of my identity allows me to empathise with the audience's perspective
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Figure 1: Photos from di erent music events | attended during the years, from big festivals, to rock concerts, to intimate
bar sessions.

and better understand what makes live music resonate with people. It also gives me rst-person
insights into how these experiences have transformed into the digital space. While | do not use
my personal experiences as data, they serve as a foundation for relating to the participants in my

research and supporting my interpretations.

Before embarking on this PhD journey, | worked as a practising designer, creating culturally sensi-
tive interventions across diverse contexts, such as rural communities in Thailand, older adults living
with dementia in Singapore, and school children in London. My experiences working in di erent cul-
tural settings, coupled with my extensive travels, have made me really sensitive to the world around
me, instilling in me a profound appreciation for diversity and the importance of designing cultur-
ally appropriate solutions as well as nurturing my love for human-centred (and humanity-centred)
design. Working with various communities has taught me the importance of being empathetic and
engaging directly with people to understand them. This, in turn, in uenced my approach to working
with musicians and audiences, motivating me to remain open to diverse viewpoints and to design

interventions that are responsive to the participants' speci c contexts.

Being situated in a School of Engineering added another dimension to my research approach. Being
in an atmosphere that frequently prioritised technology over all else has given me a real grasp of

the technical aspects of remote music performances. Although not an engineer or computer scien-
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tist, | developed the knowledge needed to understand, discuss, and prototype technology, as well
as the basic skills to function within a technocentric space. This is obvious in the earlier chapters
of this thesis, where | focused on exploring how speci ¢ technologies like VR may improve remote
music performances. However, as my journey evolved, my perspective began to evolve too. Seeing
technology often developed without meaningful input from those it is meant to serve like VR ap-
plications designed for wheelchair users without involving them prompted me to question these
approaches. | became aware of the limitations of technology-driven solutions prioritising novelty
over meaningful impact and my values as a human-centred designer started coming into my HCI
research. My critical stance grew stronger as | found my own voice as an HCI researcher perhaps a
bit too critical at times. This evolution is re ected in the later parts of the thesis, where | emphasise
human experiences and the importance of designing with people rather than for them. Technology,
I have come to believe, should serve as a tool to enhance human experience, not an end in itself. In
Chapter 8, | unpack this transformation, amongst other things, re ecting on what | have learned as a
person within the technology research world beyond the ndings of the research itself. Acknowledg-
ing this personal growth is important to me, as it also highlights how my positionality continuously

has in uenced and has been in uenced by the research process.

Overall, this thesis combines my technical understanding and human-centred perspective to bridge
the gap between technology and people in the context of remote music performance. My dual focus
enables me to critically evaluate the possibilities and limitations of technological interventions while
advocating for solutions that improve human experiences. Recognising the value of designing with
rather than for, | seek to produce collaborative, empathic work founded in the realities of those it
intends to serve. Nevertheless, | also understand the constraints of my position. My experiences and
viewpoints may only partially re ect the complex reality of all musicians and audience members,
particularly those from backgrounds other than mine. To overcome this, | engage people from var-
ious backgrounds, carefully listen to their stories, and validate my interpretations using participant
feedback and peer conversations. My re exive approach helps ensure my work is grounded on the

lived reality of those it seeks to support rather than my own assumptions.
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1.5 Thesis overview

In this section, | introduce the structure of my thesis, guiding the reader through the questions and

contributions that unfold across nine chapters, divided into four parts.

Part | sets the stage for my research by providing the context informing my thesis, grounding in

traditional music practices and the rapid shift to digital spaces.

In Chapter 1(which is the current chapter), | present the purpose and scope of the thesis, explaining
why it is imperative to approach the design space of remote music performances through a human-

centred lens.

In Chapter 2, | begin to characterise the design space my work speaks to through surveying existing
literature, articles, reports and performance examples. | start by de ning what “immersive' means
within the context of this research, framing it not as a purely technological concept but as a multi-
sensory and emotional experience that draws people in. | then explore live music as an inherently
immersive medium, highlighting the conventional dynamics of musicianship and audience engage-
ment that inform my work. | continue by examining the pandemic's impact on music performance,
highlighting how digital platforms became essential yet imperfect replacements for their in-person
counterparts. This shift prompts the question: How might we translate the immersive qualities of
live music into digital spaces? Technologies like VR and AR, often labelled as “immersive', o er pos-
sibilities. Still, as | argue in the latter part of this chapter, the real challenge is not just technical

it is about understanding and designing for immersion as an experience. Immersion stems from
how people perceive, engage with, and connect to an experience not from the tools themselves.
Therefore, | propose a shift in thinking when designing for remote music performances: rather than
designing for immersive technologies (or any technologies, in fact), we should focus on designing
immersive experiences, letting the choice of technology, whether virtual, physical, or otherwise, serve
as a facilitator. In the nal section, | turn to methodologies for understanding users and designing
immersive experiences. | brie y survey a range of approaches, from qualitative methods like inter-
views and observations to participatory techniques and speculative design, laying the groundwork

for the methodological choices in later chapters.

Part Il focuses on musicians, investigating how technology might support their individual creative

practices when physical spaces are out of reach.
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In Chapter 3 | start by investigating the challenges musicians face in their creative practices and
how these practices were further impacted by the pandemic, particularly the challenges relating to
performance spaces that fuel creative exchange and inspiration. | also explore the value immersive
technologies can bring to the table, according to musicians, and how they might help combat some
of these challenges. To do this, along with reviewing relevant performance literature, | conducted
nine interviews with musicians and three workshop sessions run in collaboration with external re-
searchers. The activities reveal a list of six design requirements that are important when designing
immersive technology solutions for musicians. The next part of the chapter traces the development
process of a musician-centric VR prototype called VR Rehearse & Performwhich takes shape through
iterative re nement through engagement with music-makers using it. The experiences of musicians
who interacted with the prototype are then presented, o ering some preliminary insights into the

e ectiveness of VR technologies in enhancing musical rehearsal and performance practices.

In Chapter 4, | extend the exploration of the VR Rehearse & Perfornprototype by presenting its nal
iteration and evaluating it with an additional ten musicians. The focus now includes the broader
spectrum of ways VR can support musicians' creative endeavours. The results of this chapter, which
are a culmination of all rounds of testing, suggest that immersive technologies hold great potential
for supporting various aspects of creative musical practice, such as rehearsing, performing, and im-
provising. Moreover, they explain how musicians perceive such technologies and their thoughts on
using them regularly in their practices. The main discussion of Chapter 4 o ers insights and inspi-
ration for designing musician-centred immersive experiences that cater to diverse musical activities
and allow for new types of creative tools. The Chapter closes with a section where | step back to
re ect on the design process itself. While | intended to adopt a human-centred approach and |
followed methodologies often used in HCI | realised that my work was still shaped, to some extent,
by the capabilities and constraints of the technology | chose (in this case, VR). My learnings exposed
a gap between intentions and the realities of the design process, highlighting the challenges of gen-
uinely prioritising user needs when working with emerging technologies. Consequently, in Part Ill, |
focus on understanding audiences, what they currently do, how they engage with technology, and
what matters to them in remote music experiences, This marks an evolution in my process, prioritis-

ing users' lived realities rather than treating their behaviours as data points.

Part Il looks at remote audiences: their current practices, what makes their experiences meaningful,

and how technology could be designed to meet their unmet desires.

In Chapter 5, | turn my attention to the perspectives and behaviours of remote audiences participat-
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ing in music events on various platforms, such as Twitch, YouTube, and VR Chat. Utilising a qualitative
multi-method approach that includes observations of existing live-streamed events, interviews with
audience members, and a survey to gather insights from a broader population, | identify motivations
and interaction patterns of remote music audiences. | also explore some of their challenges, in-
cluding barriers to engagement and limitations in the current digital platforms. Moreover, | uncover
some of the most memorable and engaging aspects of remote music events, while also examining
their views on the future of remote music performances. The ndings reveal audience engagement
patterns in remote music events across digital platforms, uncovering how each platform's unique
features and a ordances shape audience interactions as well as highlighting unmet needs, desires
and opportunities. The platform-speci ¢ dynamics reveal both the possibilities and limitations of
current technologies for creating immersive experiences. The chapter concludes by presenting in-
sights on challenges and opportunities for designing systems that enhance the audience experience

while respecting the ways they naturally engage with these platforms.

In Chapter 6, | build on the ndings from Chapter 5 but take a broader perspective, moving beyond
platform-speci c insights to explore what could make remote music experiences immersive in a more
general sense, turning them from events that are lived to events that are experienced. In the rst part
of the Chapter 6, | synthesise the ndings of the previous chapter into a list of elements that have
inspirational value for designers of remote music experiences. The design elements serve as the
basis for a co-design workshop with diverse stakeholders, providing a space for participants to col-
laboratively imagine new possibilities, focusing on the experiential qualities that make remote music
engaging and memorable. The workshop resulted in four speculative design ideas, each addressing
di erent aspects of immersion. In the chapter discussion, | present actionable design insights, fo-
cusing on the experience aspect rather than the speci c technology. | conclude this chapter with a

section re ecting on the methodology | followed and what others can take away from my learnings.

Part IV brings together the insights from the thesis, synthesising them into practical design guidance

while re ecting on the broader implications of the work.

In Chapter 7, | synthesise the ndings from the thesis into a practical design toolkit, o ering action-
able guidance for creating meaningful remote music experiences, informed by the insights gathered
through working with musicians and audiences and the lessons | learned throughout the processes |
followed. Here, | present design dimensions to o er ways of approaching the design of remote music
performances by thinking about the experience rst and allowing the technology to follow. 1 also

present design opportunities accompanied by examples, which can serve as inspirational starting
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points for new work. Lastly, | give some nal re ections on designing for remote music performances.

In Chapter 8, | step back to re ect on the journey of my work on remote music performances and my
broader experiences as an HCI researcher. | explore themes such as the messiness of the research
and the tension between technocentric and human-centred approaches, particularly in contexts
where user needs are evolving and personal. In this chapter, | also highlight the importance of al-
ternative research outcomes creative, non-traditional formats of disseminating academic research
that may not directly align with the original goals but o er unexpected contributions nonetheless,
such as art installations or exhibition booths. Beyond the design work itself, | point to the personal
and emotional dimensions of conducting research. | discuss my role as a person ‘in-between' dis-
ciplines, technologies, and perspectives; a position that enabled me to bridge gaps and approach
problems from multiple angles. | also write about the experience of doing research while grieving, a
challenge that changed my perspective on what it means to be a human-centred researcher, bringing
into focus the importance of care, empathy, and connection not only with users but also within the
research community and with ourselves as researchers. | share these lessons with the hope to relate
with others navigating such complex spaces and inspire them to approach their work with curiosity,

openness, transparency and a willingness to embrace complexity.

In Chapter 9, | bring the thesis to a close, summarising the key contributions, considering the broader
implications of my work and the stakeholders it speaks to. | revisit the initial research questions and
summarise the essential ndings and learnings. Here, | also acknowledge the thesis's limitations
and outline potential future research opportunities. Overall, in this chapter, | encourage future re-

searchers to continue expanding the boundaries of this eld.
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Chapter 2

Background

Remote music performances present an exciting, emerging design space shaped by rapid technolog-
ical advancements and the global shifts triggered by the COVID-19 pandemic. These performances
challenge the traditional ways in which we experience and create music and o er opportunities to
reimagine connection, collaboration, and artistic expression in digital spaces. Nevertheless, under-
standing this space demands moving beyond surface-level discussions of technology and platforms.

It requires a deeper exploration of the emotional, sensory, and relational qualities that make music

experiences immersive, whether live or remote.

In this chapter, | present some of the existing work that sets the backdrop of my thesis, focusing
on three areas: (i) the immersive qualities of live music; (ii) the pandemic's disruption of traditional
practices, and (iii) the opportunities and challenges for designing meaningful remote music experi-
ences. | frame immersion as a human experience rather than a technological feature, and | propose
a shift in perspective when designing for remote music performances one that prioritises design-
ing for connection and engagement over just replicating live events. | also examine the current
state of technology research, particularly around immersive technologies, where | draw attention to
a frequent emphasis on improving or creating new technology rather than addressing the speci c
needs of musicians and audiences. Building on this observation, the nal section of this chapter em-
phasises the importance of participatory and contextually sensitive approaches towards technology
design, drawing on methodologies inspired by design research. Here, | lay the groundwork for my
methodological approach and the human-centred perspective that drives my work. | advocate for
a more inclusive and grounded way of developing technology and conducting research on remote

music performances, with the goal of ensuring that the outcomes are relevant and applicable.
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2.1 De ning immersion

Before diving into the context of music, it is necessary rst to de ne what | mean by immersion and

immersive experiences, as this concept underpins much of the work in this thesis. Immersion is a
widely used yet ambiguous term, with its de nition varying across disciplines and contexts [338].
Scholars broadly agree that it involves a sense of being or feeling surrounded by something, though

its speci c interpretations di er signi cantly depending on the eld [314, 332, 388, 424, 506].

Within HCI and XR research, immersion is a term often associated with technology think VR [424,
428, 506] or gaming [78, 231] where it is described as the perception of being physically or emotion-
ally present in a non-physical world. For example, Slater [424] de ned immersion as a property of
the system where the extent of immersion depends on how e ectively the technology captures the
user's senses, attention, and emotions. Similarly, Witmer and Steed [506] described immersion as
a psychological state involving the sensory and perceptual engagement of the user, enabling them
to feel physically or emotionally situated within a simulated environment. According to the same
authors, factors that a ect the level of immersion include isolation from the physical environment,
perception of self-inclusion in the virtual environment, natural modes of interaction and control, and
perception of self-movement. While these de nitions are valid, they look at immersion either as an
objective characteristic of technology or a psychological state achieved through it often tied to the
sophistication of a system - the more advanced the technology is, the better it will be at secluding

you in a virtual environment, the higher the level of immersion would be [426].

Moving beyond technology-driven de nitions, psychological immersion refers to the mental state of
being deeply engaged, absorbed, or engrossed [2, 314, 338]. Along this vein, highly cited works such as
Ryan [388] and Murray [332] discussed immersion as cognitive and emotional transportation, where
coherence and imagination allow individuals to “surrender' to an alternate reality, whether in liter-
ature, media, or digital environments. In their review Nilsson et al. [338], found that psychological
immersion could be reached through: (i) subjective experience of being surrounded or multisensory
stimulation; (ii) absorption in the narrative or the depiction of the narrative; and (iii) absorption
when facing strategic or tactical challenges. In broader literature, these are often classi ed as dif-
ferent types of immersion, but all link to immersion as a mental state [2]. While these perspectives
align closely with the view | take in this thesis, they often remain tied to notions of escapism - where
the person being immersed loses awareness of the physical world and is entirely transported to an

alternative reality, even when not explicitly tied to technology. On a di erent trajectory, literature
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also discussed immersion as a heightened sense of presence being intensely aware of and engaged
in the here and now. This perspective is often associated with mindfulness and sensory engagement.
For example, Kabat-Zinn [242] linked immersion to practices of heightened awareness, where indi-
viduals are intensely present, noticing and engaging with their surroundings. In this case, immersion

focuses on connection to the immediate moment, allowing for a sense of being “in' the world.

Within my thesis, | intentionally take an even broader view. Rather than viewing immersion as some-
thing technology enables, | see it as an experiential phenomenon that arises from the interaction
between individuals, their environment, and their perceptions. It is a multisensory and emotional
experience that deeply engages us in the present moment (whether in immediate or constructed
environments). Being immersed is about what we feel, sense, and relate to in that moment, whether
through technology, physical space, or social interaction. For me, immersion is the state of being
deeply absorbed in an experience - where attention, emotions, and senses come together to create

a sense of presence and connection. This de nition, which encompasses both absorption (losing
track of time and place) [376] and heightened presence (being fully aware of and engaged in the here
and now), allows me to move beyond technological determinism or escapism, framing immersion
as a multidimensional and subjective human experience which can be supported by technology but
is not directly dependent on it [2]. Therefore, when talking about immersive experiences within my
work, | talk about experiences that absorb and engage us in the moment regardless of the speci ¢
technology employed rather than immersive experiences as experiences enabled by technologies

(i.e., XR technologies), which is the most widely used de nition [92] in the eld | operate.

2.2 Musicking as an immersive experience

Music is an essential aspect of our lives, intricately woven into our personal, social, and cultural
fabric. It marks milestones, shapes memories, and evokes a plethora of emotions that few other
stimuli can match [241]. In moments of celebration, music expresses joy and brings people together,
while in times of di culty, it o ers comfort and articulates emotions that words cannot. In everyday
life, music is part of our routines from the radio playing during a morning commute to a playlist
setting the mood for an evening workout. Music's ability to connect us to ourselves and others
creates a sense of community and shared experience, surpassing cultural and language barriers to
serve as a universal medium for expression and connection [399]. Music also re ects societal values

and narratives, simultaneously acting as a mirror of culture and an agent for change [121].
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Small [432]'s concept of musicking, introduced in the book Musicking: The Meanings of Performing
and Listening, encapsulates the importance of music in our lives by rede ning music as a verb,

positioning it as a dynamic, active process rather than an arrangement of sound or even an art form.

Music (to music)

verb

To music is to take part, in any capacity, in a musical performance, whether by performing, by
listening, by rehearsing or practising, by providing material for performance (what is called com-
posing), or by dancing [...] We might at times even extend its meaning to what the person who
takes the tickets at the door is doing or the men who shift the piano and the drums. They, too,

are all contributing to the nature of the event that is a musical performance.

Small [432], 1998

Small [433] shifted the focus from the musical object (e.g. a composition) to the act of engaging with
music, highlighting the relational and participatory nature of the experience. He argued that music's
value lies not only in its auditory qualities but also in the relationships it facilitates in the place where

itis happening which are to be found between person and person, between individual and society,
between humanity and the natural world and even perhaps the supernatural world  [432]. Through
musicking, individuals actively explore and a rm their relationships with others, their surroundings,
and even their broader social or cultural contexts [433]. Small's perspectives are supported by many
ethnomusicologists and performance researchers who continue to investigate and expand what it
means to music [357], such as Borgo [68] who introduced the idea of transmusicking, to depict some

of the characteristics of musicking in digital environments.

Building on the de nition given by Small, in many ways, musicking (therefore music) could be natu-
rally considered a form of immersive experience as it engages individuals on multiple levels, culti-
vating sensory, emotional and cognitive engagement [357]. The level and intensity of said immersion
could vary depending on the context and the situation of the person musicking [374]. Nevertheless,
whether a solitary act of listening, playing an instrument or attending a performance, participants
are absorbed in a ritualised exploration of relationships - with themselves, others, the music, or the
environment as Small described [433]. The ritual aspect of musicking, which draws on the language
of gesture and interaction, mirrors broader societal and personal relationships, making it both an
intimate and collective act according to the situation [283]. In this way, musicking can function as a

lived experience of immersion, uniting sensory, emotional, and relational dimensions.
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Music performance represents one of the most concrete manifestations of musicking as an immersive
experience [511]. It should be noted that with the term music performance, | refer to the act of
playing or presenting music in real time, encompassing a wide range of scenarios: solo or group,
formal or informal, rehearsal or concert, public or private [166]. Unlike recorded or mediated music,
music performance inherently brings together the physical, social, and emotional dimensions of
immersion for both those who perform and those who experience it. For the performer, the act of
playing music is a holistic engagement of the body, mind, and emotion - navigating the technical
demands of performance with responsiveness to the immediate environment and, when present,
the energy of the audience [103]. For the audience, the shared experience of being part of a crowd
(large or small), tuned to the same sounds and rhythms, generates a strong sense of connection
and presence [167, 498]. This is true whether the performance occurs in an intimate home setting or
a grand concert hall; in both cases, music performance uniquely integrates sensory, relational, and
environmental dimensions to create a deeply immersive experience a liminal space of some sort
[419, 511] where the person engaging in it loses track of time and space while simultaneously feeling

fully present and anchored in the moment [235].

Although Small's writings give me an anchor through which | can describe my framing of musicking
as an immersive experience, this is not a new perspective. Several other scholars have explored the
immersive qualities of music performance. Studies in performance science highlight the sensory and
embodied nature of live music, examining how the interaction of the performer, the audience and the
environment creates a unique experiential dynamic [235]. Similarly, sociological perspectives discuss
music performances' communal and ritualistic aspects of live performances, further strengthening
the idea of music as a participatory and immersive act [167, 498]. Such perspectives too, frame music
performance as a deeply personal act and a collective and contextual experience, setting the stage

for further exploration of musicianship and audience dynamics.

2.3 Musicians and the art of creative musical practice

Musicians - which | de ne as individuals who improvise, compose, arrange and/or perform music -
are the driving force behind the melodies that de ne our experiences with music [433]. Being a mu-
sician entails more than being able to play an instrument or sing a song. It involves diverse cognitive
and emotional factors as outlined by Levitin [275]. Each facet is essential in musicians' ability to bring

music to life, making music performance a strongly immersive experience for musicians themselves.
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At its core, creative musical practice is about navigating the boundaries between structure and spon-
taneity [275]. Skill development serves as its foundation, with musicians dedicating substantial time
to mastering their instruments, re ning their aural and interpretive skills, and embodying their craft
through repetition and deliberate practice [354]. Research consistently highlights a strong relation-
ship between musical achievement and the amount of formal practice undertaken [431]. Repeated
practice allows musicians to internalise actions, leading to “body knowledge' or automaticity, where
technical skills become second nature [240, 477, 478]. This embodied knowledge frees musicians to

focus on the expressive and creative dimensions of their performance.

Skill development also serves as a foundation for creativity . Creativity, characterised by Webster
[499] as the engagement of the mind in the active, structured process of thinking in sound for the
purpose of producing some product that is new for the creator , allows musicians to experiment,
take risks, and push the boundaries of their practice. Creativity in musical practice promotes critical
thinking, empathy, and resilience while also enhancing coordination and spatial reasoning [477]. It
also allows musicians to develop stronger bonds with their instruments, encouraging an exploratory
approach [478], where they engage with them not just as tools to produce sound, but as partners
in a creative journey. This relationship often leads to the discovery of new techniques, sounds, and
expressions [401]. Nevertheless, Hill [205] emphasised that technical mastery alone is insu cient
for musical creativity. Instead, musicians must cultivate decision-making abilities, aural sensitivity,

and memory to navigate the balance between structure and spontaneity.

This balance is especially evident in improvisation , where musicians create music in real-time, re-
sponding intuitively to the moment [47, 477] described by Berkowitz [47] as spontaneous creativity
within constraints and by Clarke [107] as the most conspicuous illustration of creativity in perfor-
mance. Research has shown that training in improvisation may have a ‘releasing e ect' on creativity,
leading to greater uency and originality in musicians [257]. It also hones cognitive exibility and
deepens the musicians' understanding of musical structure and emotional expression [401]. Com-
position and interpretation represent other dimensions of musical creativity.  Composition involves
the deliberate construction of new works [298], while interpretation focuses on shaping existing
pieces in ways that re ect the musician's unique perspective [240]. Both practices demand technical

precision and re ective thought, highlighting the multifaceted nature of musical creativity.

Engagement in creative musical activities has also been associated with a state of ow [53]-a mental
state of complete immersion and focused motivation, where time seems to stand still, and the musi-

cian becomes one with the music [122], often described as being “in the zone.' Flow states encourage
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connection with the music, promoting a level of creativity and expression that is often unattainable
through conscious e ort alone [298]. Unlike other immersive experiences, ow involves immersion
in action rather than in external stimuli. For musicians, this might occur during a particularly chal-
lenging, yet, rewarding practice session or an emotionally charged performance. However, because
of its elusive nature, reaching ow is not trivial - it requires practice and preparation [513]. Indeed, an
equal balance between challenge and skill is one of the requirements for reaching this mental state
in [122], and studies have found that regular practice is correlated with the ability to enter a state
of ow more easily [165, 304]. Flow enhances creative performance by deepening the emotional and

sensory engagement of the musician, reinforcing the immersive nature of musical practice.

Live performance (which encompasses concerts, festivals, and gigs across genres), as the culmina-
tion of creative practice, o ers musicians a platform to share their skills, emotions, and stories. Wood
et al. [511] described musical performance as intimate encounters with others... about sharing an
emotional experience with other people, most of whom will never see each other again. During live
music performances musicians use their interpretive choices to breathe life into music [172]. At the
heart of performance is musical expression : a set of perceptual qualities that re ect psycho-physical
relationships between “objective' properties of the music and “subjective' (or, rather, objective but
partly person-dependent) impressions of the listener [240]. An expressive performance has the abil-
ity to evoke emotions in the audience (he or she is ‘'moved’), or even an aesthetic response (a more
complex and profound response that involves emotional, cognitive and social factors) [96]. Accord-
ing to Juslin [240], musical expression is in uenced by multiple factors, including the composition
itself, the instrument, the performer’s skill and mood, the audience's preferences, and the broader

context of the performance.

Live performance also acts as a medium of connection, allowing musicians to engage with their
audience through sound, gesture, and emotion [240]. As Small [433] argued, performance is a collec-
tive experience where musicians and audiences co-create meaning. Audience reactions in uence the
performer's delivery, creating a feedback loop that makes live music uniquely immersive. The mutual
in uence is particularly evident in genres that rely on improvisation or active audience participa-
tion [172]. The shared energy of live performance transforms it into a deeply relational act, where

participants connect on emotional and sensory levels, collectively creating new musical experiences.
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2.4 Music audiences and the “liveness' of music events

Music audiences can be broadly described as individuals and groups who experience and interact
with musical performances. While this includes a wide range of listening experiences, from solitary
consumption of recorded music to participation in communal events, the focus here is speci cally on
live music audiences encompassing of individuals who attend and engage with live music perfor-
mances (from big concerts to intimate gigs). As seen in the previous section, the interaction between
live music audiences and musicians is a dynamic and reciprocal process, with each shaping and en-
hancing the other's experience. The audience's engagement shapes the atmosphere and creates the
unique character of each event. As Mulder and Hitters [328] stated, without people experiencing the

artist's performance, the concert loses its meaning.

Audience engagement manifests in diverse ways, in uenced by the music genre, event context, and
individual preferences [449]. Physical participation  dancing, clapping, singing, or creating mosh
pits de nes much of the visible interaction in genres like rock and pop. In contrast, classical
music or jazz audiences show more restrained patrticipation, such as focused listening and controlled
applauding, re ecting the contemplative nature of these settings [79]. Performers, through their
style and interaction, shape these responses, guiding audience behaviour and in uencing the overall
energy of the event [498]. Visible acts of participation are complemented by the sensory engagement
that comes from live settings. Vibrations, dynamic lighting, stage design, and the shared energy of
the crowd create a multisensory environment that enhances feelings of connection and ampli es

the immersive nature of live music [255].

The audience experience is further enhanced by the social dimensions of live music events [255].
Singing along to a favourite song, moving in rhythm with hundreds or thousands of others, or simply
sharing emotions with fellow fans creates a shared emotional journey which generates a sense of
camaraderie and deepens the connection to the event and each other [79]. A key aspect of this is
the emergence of rituals - recurring behaviours or traditions that audiences repeat each time they
attend music events [481]. These can include practices like cheering for encores, waving lights during
ballads, or the synchronised chanting of lyrics. Rituals are powerful because they encapsulate shared
cultural knowledge and expectations, allowing audiences to participate in a communal narrative
[498], transforming each event into something both uniquely personal and collectively familiar, and
contributing to a heightened sense of belonging [79]. The ritualistic nature of live music creates a

sense of continuity and tradition, contributing to what sociologist Emile Durkheim termed  collective
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e ervescence - a shared emotional energy and harmony that arises when groups come together
for a common purpose [307, 482]. This phenomenon heightens feelings of joy and excitement and

solidi es the live music experience as an emotionally charged and memorable event [267].

Another important facet of audience engagement involves parasocial relationships  one-sided
emotional connections that audiences form with performers [449]. In music, lyrics, stage presence,
and personal narratives often create a sense of intimacy, allowing audience members to feel per-
sonally connected to artists, even without direct interaction. Parasocial connections enrich the live

music experience by enhancing emotional investment; for instance, a fan who feels deeply con-
nected to an artist might experience heightened joy during a performance. The rise of social media
and streaming platforms has further mediated these relationships, enabling audiences to engage

with performers more intimately and perpetuating a sense of closeness [384].

The physical space of performance also signi cantly in uences audience engagement [36, 263]. In
smaller, more intimate settings like jazz clubs or acoustic cafes, the close proximity to the performers
creates a sense of personal connection, making for an intimate experience [462, 500]. On the other
hand, larger venues such as concert halls and outdoor festivals cultivate a sense of being part of a
vast, uni ed crowd. The collective experience here is accentuated, with the audience's energy and
enthusiasm feeding o each other, leading to more pronounced forms of participation, like mass
singing [36]. Whether intimate or grand, the venue becomes part of the live music narrative, shaping

how audiences engage with both the music and each other [500].

Moreover, we cannot discuss audience engagement in live music without discussing the concept
of liveness - the immediacy, spontaneity, and irreplaceable nature of being physically present at a
performance [17]. Liveness promotes a deep emotional and sensory connection, a singular, immersive
experience where audiences become fully absorbed in the moment [255, 328]. In today's mediatised
world, the concept of liveness has evolved. Live events now exist as part of an eventsphere , extending
beyond the physical venue into the digital and social layers that surround them [264]. This shift
reframes liveness from being solely about co-presence in time and space to a dynamic practice
where participants actively shape their experience through media. Platforms like Instagram and
Facebook facilitate a continuous interaction loop, with fans actively participating before, during, and
after events - sharing updates, photos, videos, and live reactions. While social media extends the
event's life and reach, it also introduces new dynamics to the live experience, with real-time sharing
and global discussion becoming part of the concert's buzz [384]. Moreover, it allows attendees to

document their presence and share it with others, proclaiming, I'm here! [97]. These practices not
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only extend the event's reach but also enable participants to contribute to a broader discourse ,
which Hammelburg [191] describes asambassadorship: attendees use media to express personal

experiences while simultaneously promoting the event within their networks.

In her work, Hammelburg [190], rather than viewing liveness as inherent to the medium or event,
argued that it emerges through the alignment of physical and mediated environments to create
shared moments of "being now here together' . This perspective emphasises the active role of par-
ticipants in shaping their experience of liveness and highlights how digital interactions enrich the
immersive gualities of live events by layering physical presence with social and emotional dimen-
sions [394]. Hammelburg [190] further reconceptualised of liveness through the idea of kairos (the
opportune moment) to highlight its relational and situated nature. Rather than being a xed "now,
liveness is a constructed ‘'nowness' shaped by the interplay of past, present, and future, moving
beyond immediacy and simultaneity to consider how spatiality and sociality contribute to the live
experience. For instance, event participants use media not only to navigate proximity and distance
but also to construct a sense of place and perform their social identities, all of which enrich their
perception of being there. Importantly, this perspective challenges the assumption that physical
presence at an event is inherently more authentic than mediated participation. Being there live is a
performative practice enacted through various media strategies, whether one is physically present
or experiencing the event from a distance. The unpredictability of live performances (spontaneous
interactions, improvisations, or audience reactions) heightens the immersion for both physically and
digitally present participants, reinforcing the unique and memorable character of each event. Media
practices, rather than merely mediating a pre-existing reality, actively construct the live experience,

pinpointing to the agency of event-goers in crafting meaningful instances of liveness.

2.5 Music in times of crisis

The immersive qualities of live music and the intricate dynamics between musicians and audiences
were abruptly challenged when the COVID-19 pandemic upended traditional practices. On 11th of
March 2020, the World Health Organisation declared COVID-19 a pandemic, prompting global lock-
downs and social distancing measures aimed at restricting human interaction as a way to " atten the
curve' of infections. The world and its priorities changed overnight. As expected, these lockdowns
severely impacted all social and economic areas [108], including the music scene, which faced an

abrupt and fundamental transformation [413, 414, 443]. Concerts, festivals and tours of all shapes
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and sizes - like all other social gatherings - were cancelled or postponed for the foreseeable fu-
ture. The absence of live events had a negative impact on every person associated with the music
industry. Artists, many of whom rely on live performances as their primary source of income [473],
found themselves without a platform to showcase their craft [414]. Audiences were forced to trade
concert venues for computer screens [380]. This had a ripple e ect on event organisers, venue sta,
technical crews, and other industries that rely on performances for their livelihoods, leading to a

broader conversation about the vulnerability of the music industry in the face of global crises [320].

Physical co-presence, one of the essential elements of music performance's immersive nature, was
replaced by an urgent need to reimagine connection in a socially distanced world [454]. This dis-
ruption catalysed rapid technological innovation and adaptation [345] as musicians and audiences
sought ways to sustain the depth of engagement and community that music so powerfully provides.
In this section, | explore how these shifts transformed the landscape of music performance, revealing

both the challenges and opportunities for immersion in a new digital era.

2.51 Music, online

Amid the social and economic disruption caused by COVID-19, one feature of the social landscape
stood out. Unlike previous pandemics, this time, the world was interconnected through digital tech-
nologies, which were widely used not only to convey information (and disinformation) and to keep
businesses and families in touch but also to provide diversion, solace and inspiration to everyone
con ned in their homes as part of national pandemic control measures [229]. From the early days
of the pandemic, music became a beacon of hope, ful lling emotional, social, and personal needs
during a time of uncertainty and isolation [396]. As the pandemic persisted, the music scene swiftly
adapted to the new reality and musicians and listeners turned to the digital world. New patterns of
music consumption spread with the speed of the virus itself, o ering a unique form of solace and
connection [158]. While live-streamed music performances and online collaborations were not novel
concepts, the pandemic brought unprecedented reliance on digital platforms, reshaping how music

was shared, experienced, and consumed. This shift introduced both opportunities and challenges.

The rise of virtual concerts i.e., performances streamed live or on-demand via the internet and
other forms of interacting with music online became a hallmark of the pandemic era. Artists
quickly transitioned from physical stages to digital platforms such as Instagram, YouTube, and Twitch.

Such platforms gained momentum and became stages for performances, providing artists a fresh
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avenue to connect with audiences [151, 251, 380], and demonstrating that even in the darkest times,
music can bring light and comfort [85, 320]. Renowned musicians like John Legend took to these
platforms, performing for fans directly from their homes, turning living spaces into cosy concert
venues?. Global initiatives such as One World: Together at Home and One Love Asia Concert,
also saw artists inviting fans into their private homes. They were performing in casual attire for
televised virtual charity events to raise funds for front-line workers and those a ected by COVID-19
[312], further contributing to the feeling of unity and support that live music online encouraged. At
the same time, symphony orchestras, opera houses, and concert venues embraced digital formats,
sharing recordings and live streams to maintain public engagement and rejuvenate their presence
[46, 276, 450]. These e orts demonstrated music's ability to overcome physical boundaries, fostering

collective resilience and highlighting its cultural signi cance even during a global crisis.

Alongside the rise of alternative stages for music performance, new trends in music creation also
appeared in the form of reworkings of existing music or new compositions on the theme of COVID-19
and/or the lockdown itself. This work often included fun and thought-provoking videos that pro-
liferated on social media platforms like YouTube and TikTok under hashtags such as #coronasongs,
#quarantunes, and #songsofcomfort [236]. Such songs and performances addressing the pandemic's
impact resonated deeply and re ected shared feelings of uncertainty, hope, and the human spirit's
endurance, highlighting the power of music to uplift spirits, provide comfort, and bring people to-
gether, even when physically apart [193]. The pandemic also accelerated innovation in virtual concert
experiences. Atrtists like Travis Scott, Ariana Grande, BTS or Lil Nas X collaborated with platforms
like Fortnite, Minecraft or Roblox to deliver virtual concerts, drawing millions of viewers and show-
casing the innovative potential of combining music with digital gaming landscapes 3. These events
demonstrated the potential for digital spaces to deliver large-scale, interactive music experiences.
By combining music with gaming environments, these performances further showcased the creative

possibilities of emerging technologies while broadening access to live events [46].

Through these adaptations, the music industry demonstrated remarkable resilience and creativity,
nding ways to innovate and connect despite unprecedented challenges. The pandemic brought out
the enduring importance of music together with transformative potential of technology in reimagin-

ing how it is experienced and shared.

Zhttps://www.globalcitizen.org/en/content/john-legend-together-at-home-against-coronavirus/
3https://mww.mirrorworld.media/lil-nas-x-to-travis-scott-the-biggest-metaverse-concerts/
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2.5.2 Musician's life circumstances and the transformation of musical practice

While the digital shift opened new avenues for music consumption and new performance formats, it
also imposed profound changes on the lives and practices of musicians. Beyond the technological
adaptations and creative opportunities, musicians faced signi cant challenges in navigating this new
landscape [85, 414]. The absence of physical co-presence disrupted established ways of collaborating,
performing, and connecting with audiences, while the reliance on digital platforms introduced new
technical and creative limitations [454]. These shifts forced musicians to reevaluate not only their

professional identities but also the very nature of their craft.

The pandemic's most immediate impact was economic. The abrupt halt of live events eliminated a
primary source of income for many musicians, particularly freelancers and those in the early stages of
their careers [443, 456, 528]. This nancial strain was exacerbated by the unpredictability of lockdowns
and the lack of alternative income streams [110]. Along these lines, studies found that musicians'
perception of job insecurity also increased, with many feeling uncertain about future employment
opportunities [3, 111]. This insecurity was exacerbated by the lack of e ective short-term income

support and the limited success of pivoting to online media strategies [3].

Beyond the nancial toll, the pandemic had a signi cant impact on musicians’ mental health . Stud-
ies from the UK [443] and the US [495, 528] revealed that reduced income, isolation, and job insecurity
were strongly associated with increased depression, loneliness, and reduced overall wellbeing. These
issues were more common among women, non-binary individuals, older adults, and people with dis-
abilities [501]. Moreover, the pandemic led to the loss of community and social support networks,
which are crucial for musicians' wellbeing [528]. Musicians reported feelings of grief, loss, and discon-
nection from their creative communities, highlighting the emotional toll of a world in which physical
co-presence so central to musical practice was no longer possible [501]. Many musicians also
struggled with their professional identities, expressing anxiety and uncertainty about their future in
the industry [75, 111]. Pandemic-related stress, coupled with nancial instability, further diminished
motivation and creative energy, making it di cult for musicians to engage in their art even though

they knew that it might help [85].

The COVID-19 pandemic also signi cantly impacted the practices of musicians, a ecting their rou-
tines and the spaces they worked in. The changes to musicians' daily schedules impacted their ability
to maintain a regular music practice. Many musicians experienced a reduction or uctuation in their

practice time during the pandemic due to the lack of professional commitments and the overall un-
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certainty [149, 152]. For example, Cai et al. [85] found that the free time due to cancelled gigs and
tours had negative consequences, with musicians reporting an amorphous, unstructured schedule
that led to procrastination and a loss of creative purpose. The spaces musicians work in were also
impacted, what Taylor et al. [454] referred to as a “crisis of spatial materiality’. Traditional rehearsal
spaces and studios became inaccessible due to health restrictions, pushing musicians to transform
living rooms, bedrooms, and other unconventional settings into makeshift rehearsal spaces [85, 454].
These environments were acoustically limited, felt uninspiring and reinforced feelings of isolation.
Nonetheless, some musicians responded to these conditions by focusing on individual skill devel-
opment and new creative approaches [85, 149]. They drew inspiration from familiar surroundings,
such as natural outdoor sounds or domestic noise [85]. Some used their free time to re ne their
technique, set personal goals, participate in virtual ensembles, or initiate new projects [85, 149, 529].
Others reassessed the gig-driven nature of their careers as [85] found. They considered ways to

achieve greater control over their creative work in the future.

To sustain their work, during these times, musicians also started to embrace more technology . On-
line tools became essential for composition, rehearsal, and recording, enabling musicians to main-
tain creative output despite physical distancing [75, 149]. For example, a study by Onderdijk et al.
[346] reported a 79% decrease in live public performances during lockdowns but a 264% increase in
online music-making. Musicians turned to social media platforms like YouTube, Facebook, Twitter,
and TikTok to perform live-streamed concerts and share recorded videos from their homes, creating
the “coronamusic' phenomenon [193, 380, 396]. Moreover, the pandemic necessitated new forms
of remote collaboration with musicians experimenting with di erent technological infrastructures
and tools [156]. Real-time rehearsals using video conferencing tools like Zoom became common
[126, 323]. In addition, musicians formed large-scale virtual orchestras and choirs, participated in
global online forums, and started collaborative projects [40]. For example a study by Benford et al.
[40], looked at two traditional folk clubs, with no previous interest to engage with technology, transi-
tioned to the online space during COVID-19, nding new ways to appropriate technology to support
their needs. Such activities helped maintain a sense of community and belonging even when mu-
sicians could not physically be together [158]. In addition, asynchronous methods of collaboration
became popular such as musicians sending each other recordings [346]. Onderdijk et al. [346] found
that in many cases musicians preferred such methods, rather than turn to unfamiliar frameworks en-
abling network-based musical collaboration. Beyond enabling collaboration, these methods became
a way to compensate for the lack of psychological safety experienced in remote collaborations as

they allowed musicians to experiment freely and edit their contributions without the pressure of
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immediate judgment [85]. The adaptations embraced by musicians also highlighted the limitations
of existing technologies for live musical interaction, such as latency issues [40, 346]. Nevertheless,
even the challenges musicians faced further demonstrated their resilience and adaptability, as they
prompted them to become more creative [85, 110, 443]. For example, the constraints of remote col-
laboration prompted some musicians to experiment with new musical styles , such as incorporating
silence as a creative element and adjusting their rhythms to accommodate latency [85]. This creativ-

ity demonstrated how limitations can sometimes lead to unexpected artistic innovations [110, 111].

2.5.3 Moving forward

Overall, the pandemic accelerated the music industry's adoption of digital platforms, revealing their

potential to complement traditional live performances “. Live streaming o ered artists unprece-
dented global reach, connecting them with audiences in regions previously untouched by tours [181].
While concerns about cannibalising in-person ticket sales persist, live streaming is increasingly seen
as complementary, ful lling distinct audience needs [131, 345]. The period of transformation brought
to surface music's adaptability and the value of remote formats. These lessons continue to shape

the relationship between music and technology, ensuring its relevance in a rapidly changing world.

2.6 Technology for remote music performances

Technology has always been deeply intertwined with music, from the development of instruments
to recording and broadcasting innovations that expanded how music is created, shared, and experi-
enced [191, 326, 478]. In the context of remote music performances, it takes on an even more signif-
icant role, bridging distances while reshaping ideas of liveness, collaboration, and engagement. In

this section | look at how technologies have supported and rede ned remote music practices.

2.6.1 Musicin HCI

Within the HCI research space, music has become a dynamic area of study, focusing on how technol-
ogy in uences and reshapes musical creation, performance, and audience experience. This space

brings together researchers, designers, musicians, and technologists to explore how computational

“https://unitedtalent.app.box.com/v/UTACOVIDConsumerStudy
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systems transform music-making, performance, and audience engagement. Communities such as
CHIME (Computer-Human Interaction and Music Network} and NIME (New Interfaces for Musical Ex-
pression)® highlight advances in musical interfaces and embodied interaction [216], while initiatives
like the Internet of Sounds network 7 and journals such as the Journal of New Music Researct extend

this dialogue, examining the evolving relationships between music and technology.

HCI music research spans digital and virtual instrument design [409], audience interaction [112], and
novel interfaces that push boundaries of creativity and connection. Gesture-based controllers, adap-
tive systems, and multisensory performances illustrate how technology can expand artistic possibil-
ities [315, 453]. Emerging tools like AR, VR, and IoT allow users to compose and perform in immersive,
three-dimensional environments, breaking traditional constraints [186]. The proposed sub eld of
Music-Human-Computer Interaction goes deeper into how music interfaces shape creativity and ex-
perience [213]. Holland et al. [216] traced this research trajectory, covering topics such as embodied
interaction, VR, gaming, and dance [215]. These e orts align with third-wave HCI trends, emphasising

cultural context, embodiment, and emotional resonance [186, 214].

The scope of music-related work in HCI is vast. In the following sections | will focus on work relevant
to remote music performances, speci cally looking at musicians and audiences. The narrower lens
allows for a more detailed discussion of how musicians and audiences experience, interact with,
and adapt to remote and technologically mediated music practices. | would like to note here that

much of the research | discuss involves immersive technologies because of the signi cant role they
play in enabling remote music experiences. Although | proposed a shift in framing “immersive' as an
experiential quality rather than a purely technological feature, it is important to acknowledge that

many advancements in the remote music space are inherently tied to these technologies.

2.6.2 Technology for creative musical practice

The creative process of making music has long been shaped by advancements in technology. In the
context of remote musical practice, emerging technologies such as XR and and networked systems
have begun to rede ne how musicians engage with their craft [411]. Here, | explore how these
technologies enable new forms of creativity, focusing on their role in supporting musicians working

across physical and virtual spaces.

®https:/www.chime.ac.uk
Shttps://www.nime.org
"https://internetofsounds.net/
8https://www.tandfonline.com/journals/nnmr20
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Technology for creative mindset

The relationship between musicians, their tools, and the environment is central to the creative pro-
cess. Emerging technologies have explored methods for rethinking this relationship, often placing
emphasis on exible, personalised virtual settings that enable new forms of composition and perfor-
mance. Customisable virtual environments, for example, have shown potential in improving creative
ow. Schlagowski et al. [403] developed a VR application for composing percussive beats, demon-
strating that tailored environments signi cantly enhance creative ow. Personalisation improved
user experience and addressed speci ¢ creative needs, fostering innovation. However, experienced
musicians found these tools less expressive than traditional methods, indicating the need to inte-

grate familiar instruments and work ows to bridge this gap.

Research has also targeted broader creative tasks like composition and sound design. Sound eld
[175] presented a way to manipulate spatial sound as a compositional element, moving beyond static
music-making towards more immersive, multi-layered con gurations. VR Open Scores [306] took this
a step further, embedding aleatoric musical scores into virtual spaces to encourage exploratory rather
than strictly linear compositional approaches. Such e orts have grown more accessible through
platforms leveraging WebXR and Web Audio APIs [86], which o er immersive creative tools directly in
web browsers, widening participation and inclusivity. These developments can also support remote
performance contexts, as seen in Coretet [185], where pre-composed scores appear as virtual markers

on instruments, integrating composition and performance into a uni ed practice.

Physical and virtual interfaces remain important factors in ensuring these tools are practical. Piivert
[49], with its six degrees-of-freedom tracking and pressure sensitivity, exempli es how well-designed
input devices can enhance musicians' control over complex environments. Yet musicians often prefer
physical controllers for their tactile precision and reliability, as noted by Bennington et al. [43].
These ndings point to a key balance that must be struck. Technological solutions should support
new creative paradigms while respecting established practices, ensuring that remote music-making

becomes more expressive and accessible without sacri cing the control that musicians value.

Virtual Reality Musical Instruments (VRMISs)

Virtual Reality Musical Instruments (VRMIs) are digital instruments designed to be played in vir-

tual spaces, often accessed through Head Mounted Displays (HMDs) or immersive systems like caves
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[409]°. They combine sound and visuals, allowing musicians to interact with their instruments in new
ways. Some research explores how to recreate traditional instruments, such as drums [182, 301, 502],
while other projects introduce entirely new virtual instruments. Concordia [435], for example, uses
planetary movements to inspire exploratory, soni ed compositions. VRMIs are not limited to per-
formance. They have supported new forms of music composition through collaborative sequencers
[318], VR-based digital audio workstation interfaces [12], and looping systems [48, 50]. Some designs
rely on unusual note arrangements, such as wedge-shaped note layouts [322], or imaginative virtual
worlds like those lled with planets and satellites [114]. This versatility aligns with related concepts
like smart instruments, which use sensors, connectivity, and embedded intelligence to create new
musical experiences [465]. However, VRMIs come with several challenges. They lack an established
tradition and repertoire, which makes it di cult for them to become mainstream. Designing these
instruments demands expertise across music, technology, and spatial design. For example, Berthaut
[51] stressed the importance of integrating VRMIs into well-planned artistic and spatial contexts. Al-
though they show promise, VRMIs remain a niche innovation that requires further re nement and

integration before gaining wider acceptance.

Technology for remote collaboration

Technologies supporting remote music performance have expanded opportunities for real-time col-
laboration among musicians, regardless of their physical location. Along this line, Networked Music
Performance (NMP) is a eld dedicated to supporting synchronous musical interaction over computer
networks, with the goal of reproducing the immediacy and responsiveness found in co-located ses-
sions [91, 225, 387]. Some systems aim to enhance local interactions, such as the VR step sequencer
LeMo [319], Carillon's shared virtual instrument [187], and Coretet's ensemble environment [185]. Oth-
ers focus on geographically dispersed groups, as seen in ARLooper, which employs augmented reality
to synchronise recording, playback, and sound manipulation across di erent locations [353]. NMP
platforms address issues like latency and connectivity to approximate the timing and expressive-
ness of face-to-face performances. However, many solutions concentrate on the performers' expe-
rience while leaving audiences as passive observers. Events often rely on one-way live-streaming
with limited opportunities for viewers to engage [398, 480]. The Internet of Musical Things (IoMusT)
framework envisions a more connected and participatory future. It aims to establish low-latency,

multi-directional communication channels, allowing audiences to actively contribute to the perfor-

®Caves are immersive VR environments where projectors are directed to between three and six of the walls of a room-
sized cube
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mance [209, 467, 516]. Realising this vision remains challenging. Barriers such as ensuring reliable
connectivity, addressing hardware constraints, and implementing cohesive design approaches that

integrate both remote performers and audiences must still be overcome.

Immersive technologies for rehearsing and skill development

Research has also investigated how immersive environments can support remote music rehearsal
and skill development, with studies tackling issues such as performance anxiety, and the need to
accommodate musicians with varying levels of expertise. For instance, VR exposure training has
proven e ective in helping musicians manage stage fright. Bissonnette et al. [56] demonstrated how
VR systems can simulate concert-like environments, o ering a practical alternative to physical stage
presence. Similarly, the Royal College of Music's Performance Simulator [15, 16] immerses students
in realistic recital conditions, complete with video-projected audiences, stage lighting, and auditory
cues like applause and coughing. Nevertheless, while these systems have shown success in reduc-
ing anxiety and improving performance readiness, they face limitations such as lack of portability
and an inability to replicate complex acoustics, pointing towards the need for more adaptable and

acoustically sophisticated solutions.

Further research has focused on improving the quality of immersive auditory feedback. Sophisti-
cated 3D audio rendering has enabled musicians to experience a range of virtual acoustical settings,
from large concert halls to smaller, historically signi cant venues [243, 253]. Such environments help
learners understand spatial acoustics and encourage experimentation in composition and improvi-
sation [127, 355]. Other studies have integrated AR technologies to provide real-time visual feedback
to musicians. Early tools, such as the guitar training system developed by Motokawa and Saito [324],
overlay chord names onto a live camera feed of the player's ngers. Similar systems have been
developed for piano [55, 517] and drums [521], delivering intuitive feedback that makes practice ses-
sions engaging and e ective. HMDs have since combined physical instruments with virtual overlays,
as in the HoloKeys piano system [180], which preserves familiar ergonomics while introducing digital
guidance. Similar work was conducted by Fanger et al. [150] who proposed the design of an XR Piano
training system. While such work has shown promise, most of the systems lack the precision and
expressiveness needed for higher-level training [410], and many still focus on beginners rather than
professional musicians. Moreover, they require complicated setups making them impractical for use

outside of laboratory settings.
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2.6.3 Technology and the transformation of music audiences

The digital transformation of music events has led audience experiences into a new era, shifting
audiences from passive observers to active participants [92, 97]. The evolving dynamic, where music
experiences transform and audiences become part of both their creation and their reception as an
active participant, player, performer, conductor, creator and controller of content [95] demands new
approaches to support audience engagement across these roles, as shown by emerging technologies
and research examples [92]. The shift toward participatory experiences happens in two primary
spaces: the in-person audience, where technology enhances co-located experiences, and the remote
audience, where digital platforms enable participation from afar. Additionally, at the intersection
of these two modes, hybrid experiences engage simultaneously in-person and online audiences,
creating interconnected layers of participation. Beyond these physical formats, engagement has also
atime-based dimension both during and after the experience and multiple modes of interaction,

forming a multidimensional framework for audience involvement [191].

Audience engagement in music performances has long focused on enhancing live, in-person experi-
ences through new methods and technologies, particularly within the domain of electronic music. For
example, Correia et al. [113] addressed the common challenge of audience disconnect caused by the
lack of visible feedback in laptop-based or sensor-driven music. The authors argued that live visuals
can support audience understanding by making the performer's interactions with the system more
transparent and interpretable. Through techniques such as mapped audiovisual correspondences
and dynamic visual cues, their work demonstrated visuals are important in clarifying the relationship
between input (performer actions) and output (audiovisual results), enhancing the audience's cogni-
tive engagement, and their emotional and sensory connection to the performance. Extending these
ideas, other examples explored how technologies such as haptics, mobile phones, and interactive

tools can enrich in-person experiences across various contexts [208, 239, 248, 270, 469, 514].

Building on this foundation, Bauer and Bouchara [34] expanded the scope of audience engagement
by exploring the potential of AR for remote and individualised music experiences. Their work shifts
attention from the concert stage to the private sphere, transforming solitary listening into an in-
teractive event. Climb! [39], by contrast, employed a more intricate approach, integrating in-person
performances with digital tools such as projected visuals, a mobile app, and an online archive. The
layered design engaged both live audiences and those revisiting the performance through digital

platforms, o ering opportunities for learning and reinterpretation thereby extending engagement
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beyond the live event. These advancements were further complemented by research into multi-
sensory technologies and VR applications. For example, haptic rendering pipelines, such as those
proposed by Jung et al. [238], Jung and Clester [239], have been designed to translate perform-
ers' motions into tactile feedback, enriching sensory connections and creating a shared language
of physical feedback, addressing the limitations of earlier systems, which relied on discrete haptic
stimuli disconnected from the performance context. Similarly, VR has shown potential in making mu-
sic experiences accessible to blind and low-vision audiences, enabling these individuals to actively
participate in immersive musical performances, overcoming traditional barriers to inclusion. Beyond
accessibility, VR technologies have introduced new possibilities for real-time composition and his-
torical reinterpretation. Tools like SpectraScore [89] allowed audiences and performers to co-create
music in virtual environments, translating audio signals into visual objects. Similarly, projects like
the VR opera set in Gobeklitepe [90] combine astronomical data and spectralist techniques to create
ritualistic soundscapes, o ering audiences an opportunity to explore historically inspired environ-
ments. Many studies in these domains reported bene ts such as improved transparency of performer
actions, heightened sensory and emotional connections, and creative opportunities for audience in-
volvement. However, most studies prioritised technical stability, paying less attention to how such
technologies could integrate with remote or hybrid contexts. Broader questions about how these

systems might t into wider socio-technical environments remain largely unanswered.

2.7 Towards designing human-centred remote music experiences

While there is a growing body of HCI and design research focused on remote and technologically
mediated music experiences, particularly within areas such as XR, sonic interaction design, and the
Internet of Sounds [464, 468], much of this work tends to emphasise the what of technology: the
systems developed, their technical capabilities, or the speci ¢ use cases they address. These contri-
butions are important, especially since target speci ¢ use cases and o er situated insights that are
meaningful in their own right. However, what is often less visible is the why and how behind the work:
the design reasoning, the constraints navigated, or the broader questions the work raises about hu-
man experience. Articulating these aspects can o er signi cant learning, not only for adapting or

critiquing existing approaches but also for shaping future ones.

This is where a human-centred design approach becomes particularly relevant [445]. Rather than pri-

oritising the capabilities of a technology, a human-centred perspective focuses on the experiences,
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needs, and values of those engaging with it. It makes room for the complexity of people's practices,
contexts, environments, and aspirations, and encourages re ection not only on what is built, but on
how it is used and why it matters. In this thesis, | adopt this orientation to explore remote music
performance from the ground up, centering musicians and audiences as co-creators of meaning, and
paying attention to the messy, iterative, and re ective aspects of the design process. This approach
supports a shift away from technology-led development, and towards designing experiences that

resonate with people in their own terms.

Human-centred design emphasises designing not only for usability or functionality but also for the
relationships, social contexts, and cultural values that shape how products or technologies are ex-
perienced [174]. This can help ensure that the things we design (whether technologies, products,
artefacts, systems) facilitate human connection by matching the needs and capabilities of the peo-
ple for whom they are intended [339, 395]. Adopting human-centred design can expand the space for
innovation, inviting new researchers and practitioners to contribute to the eld to propose adaptable
frameworks, tools, and practices that can serve as entry points for interdisciplinary exploration. Un-
like user-centred design [339], which often frames users as passive recipients of technology it looks
at people's roles as users; human-centred design adopts a wider perspective it looks at them as
people/humans [445, 460]. Human-centred design emphasises designing for the relationships and
ecosystems surrounding individuals [174, 445]. For example, in remote music performances, the expe-
rience of a solo musician, an ensemble, or an audience member is not isolated; it is co-constructed
within the performance context, shaped by their interactions within the broader performance en-
vironment. By accounting for these dynamics, human-centred design approaches can enable the

creation of technologies sensitive to the varied ways people engage with music.

2.71 Human-centred methodologies in HCI

HCI has evolved from focusing on usability making systems easier to use to understanding users'
needs before designing solutions [24, 116]. This shift aligns with the three waves of HCI [62] where the
third wave recognises how technology is embedded in all aspects of life, blending work and home
contexts, and emphasising constructs like experience, emotion, and meaning [63]. The third wave
laid the groundwork for the broader adoption of human-centred design within HCI, emphasising
the need to align technological innovation with the behaviours, needs, and contexts of its users
[445]. At its core, human-centred design involves iterative processes that engage users throughout

the design lifecycle, from ideation to evaluation, positioning technology as a facilitator rather than
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just a functional tool [339]. This makes it particularly suitable for addressing some of the complex,

open-ended challenges HCI tackles.

Human-centred design has been applied across diverse topics in HCI, re ecting its adaptability and
relevance. In accessibility, it has led to technologies empowering users with disabilities through
participatory design and iterative testing [356, 524]. In healthcare, it has informed the development
of patient-centred systems, including those tailored for low-resource settings [212]. In music, it has
involved musicians and audiences in designing interactive systems for technology-mediated partic-
ipation [207]. These are only very few examples that showcase human-centred design's strength in
addressing context-dependent areas, but they also highlight its variability and ability to apply to ba-
sically any type of topic with varying levels of depth and delity. Some projects embrace its methods
holistically, engaging users as active collaborators throughout the process, while others limit user
involvement to late-stage validation or usability testing [445]. This diversity, while a strength, can
lead to inconsistencies in how human-centred design is understood and applied, raising questions
about its authenticity in di erent contexts. It is important to note here, that since interpretations
and understanding of human-centred design can vary widely, what | describe here may not resonate
with some but could fully encapsulate the understanding others have of it. My own understanding

continues to evolve as | go deeper into research and engage with di erent perspectives.

Publication venues like CHI conference on Human Factors in Computing Systems®, Design Interac-
tive Systems (DIS}, and Participatory Design Conference (PDCY have championed human-centred
design by encouraging creative and context-sensitive approaches to technology design. Researchers
from design backgrounds often adopt human-centred design holistically throughout their work [7, 9].
Conversely, work from technical disciplines may use human-centred design more super cially [72],
treating it as a validation step or a buzzword 13 rather than a guiding philosophy [451, 519]. While
both approaches have merit, narrowly framed applications risk oversimplifying the principles of
human-centred design overlooking the broader cultural and social ecosystems that they are uniquely

equipped to address [445]).

Despite these challenges, human-centred design remains essential for projects that intersect human
values and technology. Its exploratory nature makes it especially suitable for interdisciplinary elds

like remote music performance, where it helps navigate complex ecosystems involving performers,

Ohttps://chi2025.acm.org

Yhttps://dis.acm.org/

https://dl.acm.org/conference/pdc

13 often nd that this happens a lot with the terms co-design and participatory design within HCI.

41



audiences, and technologies. Here, human-centred design approaches o er me a way to explore and

expand the design space through the eyes of its peaople.

2.7.2 Approaches to human-centred design

Human-centred design uses techniques that prioritise communication, empathy, and understanding
between designers and the people a design is intended for [445]. Unlike traditional design, which
often centres on the designer's vision or the technological substrate, the emphasis is shifted to the
needs, desires, and experiences of users sometimes uncovering insights users themselves had
not consciously recognised. In the section that follows, | explore some of the approaches, method-
ologies, tools and bodies of work that have informed my own research, highlight their relevance
while also identifying gaps or tensions that emerge in their application. Some of these approaches
align more closely with human-centred design principles, while others may not strictly fall under
the human-centred design umbrella but still o er ways for understanding and addressing human-
centred challenges. Moreover, | want to note the text that follows is not exhaustive and does not
aim to provide rigid de nitions or analysis; the goal is to o er an overview of key topics and their

intersections while recognising the overlaps and uidity between them.

Participatory design and co-design

Participatory design and co-design are key methodologies within human-centred design, empha-
sising collaboration with stakeholders as “creative partners' [184]. Both approaches aim to ensure
inclusivity and that design outcomes re ect users' needs, values, and experiences [491]. While of-
ten used interchangeably in HCI, they di er in focus. Participatory design has roots in Scandinavian
traditions of the 1970s [143] and centres on political and ethical commitments to empowerment
[65, 330], seeking to involve users as partners, leveraging their domain expertise to shape systems
and tools that address their real-world contexts. Co-design, on the other hand, prioritises the col-
laborative process of ideation and creation, often integrating broader groups including non-users
such as stakeholders or policymakers and blending participatory principles with design thinking
frameworks [395]. This distinction is signi cant in HCI, where especially co-design is sometimes
misapplied, with projects claiming to be co-designed but limiting user involvement to feedback or

validation rather than genuine collaboration and partnership [28].
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Workshops are a core practice in both participatory design and co-design, o ering structured spaces
for collaboration and creativity [118, 183, 224]. Other techniques, such as design games, mock-ups, and
storyboarding, encourage participation and mutual understanding [183, 210]. Tools like design card
decks provide prompts for creative discussions, while probes such as diaries or self-documentation
kits enable participants to share insights from their everyday lives, enriching the design process with
contextual understanding [6]. Role-playing and enactments surface tacit knowledge and emotions,
facilitating co-creation and shared ownership of outcomes [395, 510]. Such methods help overcome

power imbalances by giving participants the tools to articulate their perspectives.

These methods are not without challenges. Poor facilitation can result in super cial involvement
or tokenism, undermining the democratic ethos of these approaches [159]. Power imbalances can
favour designers' voices over participants' [145], while diverse stakeholders may have con icting pri-
orities, requiring careful mediation [18]. Additionally, the focus of participatory design has narrowed
to usability and satisfaction, moving away from its origins in broader social and political change
[25, 57, 64]. To address this, within the community there has been calls for expanding the scope of
participatory design practices through integrating new methods, tools and theories, such as learning
from disciplines like sociology and anthopology and embracing approaches like research through
design [170], constructive design [260], and speculative design [142]. Such methods could broaden
participatory design's scope, allowing it to tackle pressing global issues like climate change or public
sector challenges while also critically engaging with technology design to explore alternatives that

prioritise user bene t and open-source principles.

In my work on remote music performances, participatory design and co-design are essential for
engaging musicians and audiences as collaborators in shaping technologies that align with their
creative practices. | adopt a perspective that blends these methodologies, acknowledging their dis-

tinctions while adapting them to the unique challenges of my research context.

Understanding users and their contexts

Contextual engagement methods capture the complexity of users' lives, practices, relationships, and
environments, recognising how social, cultural, and physical contexts shape their behaviour and
needs [460]. In-depth interviews are central to this approach. They provide the time and space to
build trust, uncover tacit knowledge, and explore personal narratives and cultural details essential

for designing technologies that align with users' real experiences [1, 60]. Semi-structured interviews,
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often used alongside contextual methods, o er exibility to gain insights into behaviours and needs.

Beyond interviews, contextual and situated approaches focus on studying users within the speci c
environments where they operate [237, 385], recognising that technologies are shaped by and shape
the social, cultural, and physical contexts around them [385]. Techniques such as ethnography and

contextual inquiry prioritise engagement with users in their environments, allowing for capturing
context-speci ¢ insights often overlooked in controlled settings. Ethnography uses long-term ob-
servation to uncover patterns and values [237], while contextual inquiries focus on work ows and
decision-making by observing users in situ [218]. Along these lines, Vera and Simon [486], who
proposed the situated action approach, argued that human behaviour is not fully predictable but
emerges dynamically in response to the speci c context. This aligns with the view of Mackrill [300]
who explained that situated methods emphasise the situating contexts ... with the complex relation
between the context and design situation. Such methods involve di erent actors and stakeholders,

as well as societal structures given by institutions, regulations, market mechanisms, and so forth.

While these methods provide deep insights, they present challenges. They are time-intensive and
require navigating ethical complexities, such as informed consent, power dynamics, and partici-
pant privacy, particularly in vulnerable communities [325]. Findings from speci ¢ contexts can risk
overgeneralisation, particularly in interdisciplinary elds like HCI, where cultural and technical di er-
ences in uence applicability [195]. Navigating situated approaches in online environments presents
additional complexities, requiring adapting methods to t digital realities. Digital ethnography or
‘netnography’ provide tools to study online interactions [333] but raise ethical concerns around con-
sent, privacy, and blurred personal-public boundaries [11]. Researchers must also account for unique

digital a ordances, such as asynchronous communication and virtual anonymity [206].

In my research, these methods have been essential for understanding how remote music technolo-
gies t into musicians' and audiences' lives. In-depth interviews uncovered creative practices and

aspirations, while contextual and situated methods, such as event observations, revealed the dy-
namic interactions between people, digital spaces, and tools. To complement these methods | also
used qualitative surveys, particularly in the audience-focused phase of the study, to gather broader
perspectives and open-ended re ections on remote music experiences. The surveys complemented
the interviews and observations by capturing personal attitudes and behaviours in participants'

own words, and helped inform the focus of follow-up qualitative work. Together, these approaches

grounded my designs in users' realities and opened opportunities for innovation.
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Prototyping

Prototyping is a core element of HCI and human-centred design, enabling designers to externalise
ideas, test assumptions, critique, and re ne solutions through iterative processes [279, 310, 341]. Pro-
totypes can range from low- delity, such as sketches and wireframes, for quick exploration to high-
delity ones, simulating real-world interactions for detailed user testing. Mixed- delity prototypes
combine both, focusing resources on critical areas while maintaining exibility in others [279, 310].
Prototypes can take many forms, such as physical artefacts or digital ones [173]. The exibility en-
abled by their form and delity makes prototyping invaluable for iterative design, where constant

testing and re nement can inform decisions and enhance outcomes [173, 340].

Prototyping methods have expanded further with immersive and embodied methods. Embodied pro-
totyping techniques (e.g., Wizard-of-Oz prototypes, speculative enactments, magic machines) involve
physically enacting or simulating interactions - with users “acting out' potential designs, emphasis-
ing the tactile, emotional, and social dimensions of design [9, 52, 140, 146, 420]. Immersive proto-
types, using technologies like VR and AR, enable stakeholders to experience designs in realistic or
future-oriented scenarios, bridging the physical and digital [119, 250, 315]. Such prototypes exist on
a spectrum, ranging from AR, where virtual elements are added to physical models, to augmented
virtuality, where physical elements are added to virtual models [119]. These methods are particularly
e ective for evaluating complex or speculative designs, as well as prototyping experiences [81] rather
than artefacts because they allow users to visualise and interact with a design in its its intended en-
vironment [250]. However, the challenges of high cost, technical complexity, and delity calibration

must be managed to ensure accessibility and e ectiveness [119, 250].

Prototyping, while a great tool also introduces several tensions that require careful navigation, in-
cluding balancing delity to avoid oversimpli cation or premature narrowing of the design space
[310]. Prototypes are also inherently subjective, and their interpretation can vary across stakehold-
ers, risking miscommunication or misalignment of design intent [279, 341]. Additionally, while pro-
totypes exist in the present, they often aim to evaluate future scenarios, creating uncertainty about
their long-term relevance [393]. These challenges highlight the importance of iterative re nement
and careful alignment with design goals. Within my own work, | used prototypes to explore user in-

teractions, re ning designs to support creative practices, and addressing the domain's complexities.
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Speculative design, design ction and other ways for imagining the future

Speculative design uses design to explore future possibilities [142]. It has become a recognised ap-
proach in HCI, o ering tools to critigue and imagine potential futures through narratives, artefacts,
scenarios, and interventions [510], by shifting attention to societal, cultural, and ethical questions.
By engaging with “what if' scenarios, speculative design is used to challenge assumptions, provoke
discussion, and expand the boundaries of design possibilities [142]. This also allows designers to en-
vision design spaces unconstrained by the practical realities driving many real-world design projects

and to critically re ect on the limits of current approaches while suggesting alternatives.

A strength of speculative design lies in its ability to help stakeholders envision alternative futures
and question technology's role in society [142]. Methods such as critical design artefacts [493], cat-
alogues of ideas [7, 118], ‘'magic machines' [9], and speculative enactments (immersive [420] or not
[146]) create thought-provoking representations of potential worlds. These approaches are particu-
larly useful for addressing “wicked problems' like sustainability, Al ethics, and social justice, where
future directions are uncertain [438]. However, speculative design can face challenges, such as am-
biguous intent, which requires clear communication to ensure its provocations are meaningful [510].
Additionally, Thibault [457]'s critique of “design kitsch' highlights the risks of super cial projects that

mimic speculative methods without engaging with critical societal issues.

Speculative design broadens imagination, challenges assumptions about what is possible, and opens
new avenues for designing technologies [61]. It educates stakeholders on emerging possibilities and
highlights opportunities for future innovation [137]. In my research on remote music performance,
speculative design helped imagine technological futures unconstrained by existing limitations, un-
covering hidden assumptions and inspiring new approaches to designing for connection and cre-
ativity. Most importantly, it encouraged conversations, o ering insights that challenge norms and

expand the boundaries of what is possible and desirable in this space.

Embracing re exivity

Re exivity the practice of critically examining one's role, assumptions, and in uence within a re-
search or design project is very important in human-centred design. In HCI, re exivity prompts
researchers to question how their positionality, decisions, and values shape both the design process

and its outcomes [262, 445]. Rooted in feminist and participatory traditions, re exivity moves beyond
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“objectivity' by recognising the researcher's subjectivity as integral to the work [29]. Self-awareness
ensures research is ethically grounded and attuned to the cultural, social, and political contexts of
technology use. It also highlights power dynamics in research, urging designers to consider whose

perspectives are prioritised during decision-making [138].

In human-centred design, re exivity extends to the researcher's own practices. Early critiques of
ethnography warned against essentialising cultures or reinforcing imbalances through the "god voice'
of supposedly objective accounts [194]. Re exive methodologies address this by acknowledging
the researcher's in uence on knowledge production, integrating their perspectives into the work
[169]. This approach has gained traction in HCI, where ethnographic research often includes the re-
searcher's emotional labour, subjective experiences, and ethical dilemmas [23, 133]. Such practices
empower researchers to explore the interplay between their identities, the research context, and the

outcomes they produce, leading to more honest insights [222].

In my research on remote music performances, being re exive allows me to examine my assumptions,
methods, and evolving understanding. It allows me to adapt, remain transparent, and ensure ethical
soundness. Re ecting on my dual role as researcher and participant in this thesis, | navigate tensions
and opportunities that arise during the design process, grounding my insights in an awareness of my
in uence. Inspired by Doucet's concept of gossamer walls [138], | aim for clarity and accountability

in interpreting and sharing my ndings.

2.8 Bringing it all together

In this chapter, | brought together perspectives from musicology, HCI, XR, and performance studies
to explore what makes music immersive and meaningful, and how these qualities are transformed
in remote contexts. | examined immersion not as a xed attribute of technology but as a lived and
multifaceted experience shaped by attention, emotion, space, and social presence. | also considered
how musicians and audiences adapted their practices in response to the pandemic, and how tech-
nologies both supported and constrained new forms of musical expression. Below, | give a summary

of recurring themes and tensions that guided the decisions | made in the rest of the thesis:

Immersion is not only about escapism or high- delity simulation. Rather than framing immersion
as the result of isolating technologies or sensory substitution, | emphasised immersion as a dy-

namic, situated state that can involve being absorbed in activity, attuned to the present moment,
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or participating in social and ritual interaction [338, 432]. This framing widens the possibilities for
designing remote music experiences that are engaging and meaningful without necessarily relying

on fully immersive technologies.

Music is a social, relational, and participatory act. | drew on Small's concept of musicking to fore-
ground the interactive and contextual nature of music performance [433]. Whether in-person or
remote, music unfolds through the relationships between performers, audiences, and their environ-
ments. Understanding these dynamics is key to making sense of how meaning is created and shared

in remote performances.

Creative practice involves both structure and improvisation. Musicians move between formal rou-
tines and open-ended exploration. Practices such as rehearsing, composing, and improvising require
tools that support control and precision while also leaving space for spontaneity and emergence
[47, 401]. The impact of the pandemic made this balancing act more visible, as many musicians had

to renegotiate their work ows and spaces.

Audiences contribute to liveness and meaning. The presence and patrticipation of audiences, through
physical reactions, rituals, and even parasocial connections, shape the emotional and immersive
gualities of live music [481, 498]. In remote contexts, these contributions become more complex,

involving new layers of mediated interaction, which are not always supported by existing platforms.

Technological solutions are often mismatched with everyday practices. While there is no shortage
of technical innovation, especially in XR and networked music performance, many systems are de-
signed around ideal use cases that overlook the lived realities of musicians and audiences [85, 346].
These include constraints around space, time, access, and mental wellbeing, all of which shape how

people can meaningfully engage with remote music experiences.

Human-centred and participatory approaches o er a way forward. | made a case for situating
design in lived experience, paying attention to context, values, and the messy, a ective dimensions of
practice [174, 445]. Participatory methods are not only useful for generating ideas, but for developing

designs that align with how people actually make, experience, and share music.

These ideas provide me with a foundation for the methodological and empirical work that follows.
They informed how | approached the study of remote music performances, how technologies are
critiqued, and how | explored new possibilities; not by chasing technological novelty, but by centring

the people and practices that give music its meaning.

48



Part Il

Musiclans

49



Musicians continuously react and adapt to the environments they play in. The acoustic and vi-
sual feedback they receive from the space impacts their performance [471], and provides musicians
with di erent forums to exercise creativity that pertain to both i) the expressive playing of a pre-
determined piece of music and ii) improvisation (i.e., the playing of music pieces not specied in
advance) [129]. While the room itself shapes and changes the music being played, musicians rarely
have the ability to rehearse in the spaces in which they ultimately perform. Access to performing
venues for rehearsing purposes is limited in time and often comes with a prohibitive nancial cost.
Therefore, musicians have to settle for rehearsal rooms with varying qualities, where the acoustic pa-
rameters are frequently not ideally designed [352]. The COVID-19 pandemic exacerbated these chal-
lenges and brought additional ones (e.g., in terms of access to physical spaces, time management,
and entering proper mindsets) [442] that further a ected and transformed the creative practices of

musicians as pointed out by [85] in their insightful analysis.

Given these constraints, it becomes vital to re-evaluate traditional practices and investigate the
design of solutions to support musicians' creative processes and to provide them with alternative
spaces where they can continue their creative pursuits [85]. In this context, immersive technolo-
gies, such as VR, provide a compelling tool for investigating these possibilities. With its capacity to
simulate diverse environments, real or imagined [427], VR presents an opportunity to examine how
technology can create immersive experiences that address the physical and logistical barriers mu-
sicians face. | ask: How might we leverage VR's ability to transport users to myriads of worlds, real

or unreal [427], to design solutions to some of the physical and logistical barriers musicians face?

Figure 2: What if VR, with its ability to transport users to myriads of worlds, real or unreal, could be used to address some
of the barriers musicians encounter?

While VR is not new to the performing arts space, its potential to support the creative practices

of performers demands further investigation. Previous research has looked into VR as a medium to
study audiences attending performances [97, 280, 288] or as a tool for delivering new types of musical
instruments [410]. However, the potential of VR to serve performers as a creativity support tool,

especially those facing the challenges mentioned above, has yet to be fully explored. By leveraging
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VR, we can study how immersive, customisable environments might enable musicians to engage with
their craft in ways not possible within conventional physical spaces. These environments could o er
new forms of acoustic and visual stimulation, supporting creative exploration while accommodating

the diverse needs of musicians [34, 403].

The subsequent chapters. detail my use of VR as an investigative tool to better understand and
design immersive experiences for musicians. Central to this work is the development of VR Re-
hearse & Perform, a VR prototype designed to facilitate personal music practice within virtual envi-
ronments [266, 364]. VR Rehearse & Performemerged through an iterative design process and serves
as a means to explore how VR might enrich musicians' creative processes. Rather than presenting
VR as a de nitive solution, my goal is to utilise it as a medium to examine how musicians interact
with immersive settings and uncover insights into their potential bene ts and limitations. It is worth
noting that the work presented in the subsequent chapters focuses on personal creative musical
practice. The motivation for this is that musicians' solitary work is as crucial as their social prac-
tices but is often overlooked in technology design compared to collaborative and live performance-
focused technologies. Personal practice is where skills are honed, creativity is nurtured, and a deep,

introspective connection with music is developed [203].

Importantly, this research also contributes to broader discussions about designing technologies for
musicians. | see VR as a lens through which to engage with the design challenges and opportunities
in this space, not as a one-size-ts-all answer. | employ it to examine and initiate dialogue on
enhancing musicians' creative processes. VR's immersive and interactive nature makes it a tangible
tool to explore how technology may help musicians overcome the limits of conventional performance

spaces and the shifting dynamics of their practice environments.

The following research questions guided the work:

" RQII-1: What are the key challenges and opportunities musicians face in creating immersive
and engaging personal practice experiences at home? How might we design technology be

designed to address these needs?

~ RQII-2: What qualities of immersive environments best support musicians' creative practices,

and how might we design these environments to enhance their experience?

~ RQII-3: How do musicians perceive the role of immersive technologies in shaping their creative

practice, and what insights can we gain from this?
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To address the aforementioned research questions, in the following chapters, | rst identify a set
of design requirements ((DR) for musician-centred VR experiences, informed by insights from 11
musicians and 15 performance scientists representing a broad range of musical expertise. Secondly,
| develop and introduce a novel VR system prototype VR Rehearse & Perform evaluated through its
application in creative music practice with a diverse group of 19 musicians (see Figure 3). Thirdly, |
discuss the implications of my ndings and provide insights for developing immersive experiences
tailored explicitly to some of the uniqgue demands of musicians. The discussion is informed by the
qualitative analysis of the feedback collected while evaluating VR Rehearse & Perform Lastly, | go
beyond the immediate research ndings and re ect on what | have learned as a researcher within

the project, discussing my approach and contemplating on the human-centred aspects of my work.

Figure 3: Overview of the methodology followed in Chapter 3 and Chapter 4

I led the project and its resulting publications, but my colleagues' contributions were invaluable.
With the support of my advisor, Alexandra Covaci, and others, the project achieved signi cant mile-
stones. Innovate UK funded the rst version of the software presented in Chapter 3 through the
Innovation Consultancy, led by Dr Vali Lalioti, who conceptualised the idea and led three of the ac-
tivities: technological experimentations, an ideation workshop, and gathering acoustic insights. The
work secured further funding from the UK's Arts and Humanities Research Council through the HEartS
Pro grant, which explored the pandemic's impact on arts professionals and the design of supportive
technologies. Under this grant, | worked on and presented the resulting VRST and CHI papers. Ragnar
Hrafnkelsson, the developer of the 3DTi audio spatialisation plug-in, created its Unity version and
supported its integration into VR Rehearse & Perform Dr Bea Wohl contributed from the start, pro-
viding ideas and assisting in disseminating outcomes. Andrew Thomas managed data collection for

the in-the-wild evaluation. Boyd Branch helped analyse the Facilitating the creative practice theme.
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Chapter 3

From Practice Room to Virtual Stage.
Developing a Virtual Reality system for

music rehearsal and performance.

In this chapter, | explore how immersive technologies can support musicians by presenting VR Re-
hearse & Perform, a prototype designed to enhance creative musical practice. Here, VR Rehearse &
Perform emerges as a case study that exempli es how digital tools can be used as a medium for sup-
porting musicians' creative needs related to space. In the sections that follow, | outline the iterative
design, development, and initial evaluation of VR Rehearse & Perform illustrating the prototype's
evolution to meet the speci ¢ needs of individual musicians. These needs were identi ed from a
thorough review of the existing literature and further re ned through targeted activities with mu-
sicians and performance-science researchers at every step, embodying a musician-centred design
philosophy. The collaboration took the form of in-depth interviews, hands-on technological explo-
rations, interactive workshops, and an acoustic session, all of which contributed to shaping the de-
sign and functionality of the VR system. | then detail the development phase and present two phases
of preliminary evaluation. The initial evaluations were important for beginning to understand the
value of immersive technologies in creative practice, and identifying areas for improvement. Feed-
back from these evaluations informed the nal prototype version, which is further explored in the
subsequent chapter. Lastly, | outline some initial design insights gathered during the entire process

with the hope of inspiring other designers to venture into similar work.

53



3.1 Background

3.1.1 Musical space as an instrument

Rehearsal and performance venues set the tone for music-makers and performers. The acoustic and
visual experiences of musicians in the spaces they perform in are complex and organic in nature,
entailing a continuous interaction with the environment [258]. Schéarer Kalkandjiev and Weinzierl
[400] described how, for music makers, the environment is an instrument in itself. Furthermore, as
shown by Ueno et al. [472], objective di erences identi ed in the tempo and extent of vibrato em-
ployed by musicians demonstrate their tendency to relate to the physical characteristics of concert
halls and subconsciously adjust their playing technique. Ueno and Tachibana [470] proposed a cog-
nitive model of musicians' performing action and showed that, during a performance, to generate
the desired musical image, music-makers extend their physical sensations into the sound eld of

the concert hall to sense all its characteristics.

The complex, subjective experience musicians have with the stage acoustics enables them to form a
musical representation through insight (i.e., an aha! moment or a string of insightful realisations),
implicit learning [127] (i.e., the acquisition of knowledge about a complex stimulus domain in an in-
cidental manner) and deliberate practice [148]. These cause a sense of intuition, spontaneity, and
skill acquisition based on procedural learning and, therefore, are closely tied to musical practice
components, including intuitive creativity, composition, expressive playing of music, and improvisa-
tion [127]. The dynamic coupling between the sonic world and the individual action of music-makers
is further necessary for ow [488] the mental state of complete absorption in activities or per-
formances [123] that allows artists to tap into an abundant stream of inspiration. These processes
show that the importance of continuously reacting and adapting to diverse sonic worlds cannot be

overstated in the context of musicians' creative practice.

Despite this, the di erences in character between a typical practice or composition venue and the
performance space are often stark. Music-makers have to settle for rehearsal rooms with varying
qualities, often poor, where the acoustic parameters are not ideally designed [352]. Therefore, they
cannot account for the complexity of the perceptual e ects involved in the musical practice. Fur-
thermore, rehearsal spaces are not representative of the large, high-pressure environments in which
musicians aspire to perform. This situation was further exacerbated by the COVID-19 pandemic, which

imposed severe restrictions on the use of physical spaces [85, 442].
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3.1.2 Musical space as a creative medium

The experience musicians have with the space can be examined both at the level of the reception
and performance of music and at the level of internal processing [129]. Musicians do not simply play
an instrument; they play a 'room' [259], and the 'room' they play is both a physical space and a mental
model of the sonic world they form in their imagination. The ‘room' in this context is not simply the
sonic and visual environment but includes the cognitive processes being stimulated in relation to
making the music. The perception of space relies on complex sensory information provided by all
perceptual systems: visual, auditory, haptic, and olfactory-gustatory. Sound is only one component,
as each place has its acoustics and arouses speci ¢ expectations associated with it - for instance, we
expect to hear the sound of birds in a forest [299]. The visual dimension of spaces is always carefully
considered in purpose-built halls, where signi cant attention is given not only to the acoustic design
but also to the visual impression [352]. This is in agreement with Bargum et al. [30], who stressed the

importance of visuals for musicians perceiving and recognising sounds in simulated concert halls.

In a recent study observing music-makers' responses to the COVID-19 pandemic, participants iden-
ti ed three key ways creativity was a ected by the physical location of performance ; as a creative
trigger to encourage one to start making music; as a creative input and creative prompt; as a means
to create psychologically safe spaces to support creative risk taking [85]. For example, the authors
showed that interstitial spaces (e.qg., elevators) could be perceived as a trigger for creative experimen-
tation, while being outside provides inspiration, connecting musicians to new ideas. This demon-
strates how visual and acoustic spaces can be used as complex tools for injecting variety during
music-making, fostering new waves of creativity. This recursive play between perceiving the external
environment and musical imagination re ects how musicologist Mark M. Reybrouck described mu-
sical creativity; as a process of sensory motor integration, with a gradual shift from presentational
immediacy to symbolic representation [381]. "Presentational immediacy' here refers to the immedi-
ate physical (acoustic and visual) environment being played in, and “symbolic representation’ refers
to the mental or psychic formulations the musician is experiencing (which are independent of the
sensory data being processed). Reybrouck described these simultaneously active, creative processes
holistically as coping with the sonic world , which is always both part of the physical environment
and part of the imagination [381]. Whether looking at the creative products or the creative experi-
ence, musicians are continuously reacting and adapting to these sonic worlds, which impacts their

performance [471].
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3.1.3 VR for creative musical practice

VR can break down the walls of our daily living spaces and transport us to simulated or novel vir-
tualenvironments [427]. It does so by replacing physical senses with computer-generated ones, which
can feel just as real. When the substitution is e ective, the brain appears to infer its perceptual
model from the virtual world, corresponding to the actual sensory data stream. However, e ective
substitution is an ideal and depends on the sensory systems being included. My survey of VR mu-
sic applications indicated that work has most often centred around vision, while the rendering of
realistic sound e ects appears to be an often overlooked component. Although modelling realis-
tic sound propagation in VR is possible through the spatialisation of the Room Impulse Response
(RIR), the room's transfer function between the sound source and microphone, this involves a large

computational overhead [402], making it challenging to achieve in real-time.

Nevertheless, recent technological developments enabled the emergence of immersive sound- ren-
dering experiences, which can represent a new tool for music-makers by o ering ways of creating and
experiencing [411]. Research has shown the potential of the auralisation of immersive environments
including: the development of computational acoustic models for the reproduction of the acoustics
of historical sites such as the Théatre de I'Athénée [243] or Notre-Dame Cathedral [247]; the evaluation
of audiences' experience [417]; providing solutions for music performance anxiety [56]; and develop-
ing virtual musical instruments [410]. Surprisingly, however, the complex facets of creative musical
practice in immersive spaces have not been thoroughly examined. To the best of my knowledge, one
of the only attempts to address this gap was made by Aufegger et al. [16], who proposed a perfor-
mance simulator 1 where musicians can be repeatedly exposed to realistic performance situations
through a process of sequential simulation. This simulator consists of a physical rehearsal room
where key features of the recital ritual and its environment are manipulated (for details see 3.3.2).
Evaluation results from music students showed that this performance space can bene t musicians'
performance and reduce their anxiety [15, 16]. It is important to note here some of the signi cant
limitations of this technology: i) the lack of portability; ii) the limited overall acoustic impression of
musicians, as the sound does not simulate that of a concert hall; iii) the absence of user tracking,
preventing natural sensorimotor contingencies from being experienced [427], and negatively impact-
ing on musicians' sense of "being there'. Although music makers saw the potential for such simulators
to help them overcome challenges impacting their performance quality, how virtual visual and sonic

worlds can be used to support their practice is still uncharted territory.

Hnttps:/iwww.rcm.ac.uk/research/projects/performancesimulator/
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3.2 Methodology overview

Figure 4: The process of de ning the design requirements and developing VR Rehearse & Performbased on user insights
and rounds of iteration.

The main goal of the rst part of the study was to discover insights about musicians' practice routines
and experiences that could inspire innovative ways to design technologies for supporting them (
Figure 4 gives an overview of the process | followed). Using a musician-centred approach, the rst
step was to engage with professional musicians and performance science researchers to capture a
broad range of experiences about how immersive environments could support di erent facets of
their work. This was done through a series of targeted activities, run with my collaborators, aimed
at ii) understanding their speci ¢ needs and preferences and ii) exploring together how immersive

technologies could be integrated into their work ows to support their practice. Activities included:

"~ Interviews providing insights into the array of strategies musicians employ during their practice

and opening discussions on potential designs of technology to aid their routines.

~ Technological explorations o ering perspectives from performance science experts on the ca-

pabilities and limitations of existing tools, in supporting musical development.

~ An ideation workshop, proposing ideas for developing immersive technologies to enhance mu-

sic practice sessions.

" A session to gather acoustic requirements exposing musicians to audio spatialisation solutions
to understand the necessity for realistic audio spatialisation and reverberation in creating im-

mersive auditory environments.
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In these activities, | involved 11 musicians, 15 performance science researchers, and two experts in
immersive technology. The data from the interviews and the notes from the other three sessions
were synthesised into a list of six design requirements that guided the design of the VR Rehearse &
Perform system. The requirements were derived to ensure the VR platform would cater to some of
the diverse needs of musicians and showcase its potential for enhancing their practice by providing

immersive, customisable environments conducive to creative exploration and technical re nement.

With the requirements as a blueprint, | started developing VR Rehearse & Performa prototype aimed
to simulate performance spaces, o ering adjustable acoustic properties and providing environments
that could inspire creative musical practice. This phase was characterised by an iterative design
process, where the initial prototype was continuously re ned based on feedback and the evolving
understanding of musicians' needs. The rst prototype was evaluated in a lab setting and in the
wild, involving 11 musicians. To gather feedback and inform further iterations of the prototype, |
interviewed the participants. | conducted a preliminary analysis of their answers to ensure that each
version of VR Rehearse & Performs more closely aligned with the practical realities and aspirations

of the potential users of such technologies.

3.3 Gathering user insights

In the sections below, | present in detail the activities we conducted to learn about musicians' prac-
tices, needs and attitudes towards technology, as well as the insights gained from each activity. It
is worth noting here that this part of the work was exploratory in nature, aiming to surface initial
design opportunities rather than test generalisable hypotheses. As such, participant demographic
data (e.g., age, gender, musical genre) were not systematically collected at the time. This decision
partly stemmed from my inexperience as a researcher, but also re ected the study's goals the
focus was on uncovering relevant experiences, perspectives, and design opportunities. Participants
in all activities were selected for their expertise and engagement with performance and technology

depending of the goal of each of the sessions.
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3.31 Interviews with musicians

The initial phase of the research involved in-depth interviews with nine professional musicians (i.e.,
individuals who earn a living through their musical performances, either individually or with a group

of other musicians) of di erent backgrounds (M1-M9). During the interviews | asked questions about
their professional experiences, daily practices, and the unique challenges they encounter, partic-
ularly related to the spaces they rehearse and perform in. Additionally, | investigated the impact
of COVID-19 pandemic on their professional lives, highlighting the unique challenges it introduced
in their day-to-day musical endeavours. Our discussions also explored musicians' receptiveness
to adopting technologies such as VR. All interviews were conducted online and followed a semi-
structured interview protocol, lasting between 20-40 minutes. Interviews were audio-recorded, tran-
scribed and analysed using a combination of inductive and deductive thematic analysis [73]. Initial
codes were assigned based on the overarching topics of interest such as “acoustic properties’, ‘space’,
‘impact of COVID-19 on wellbeing’, and “potential of VR'. Subsequent codes were added as | shifted
through the data such as “lighting', “creative mindset' In the sections below, | brie y present the main
themes that emerged as salient for the broadest range of participants, framed around the insights

that informed the subsequent development of the VR prototype.

It is worth noting here that these interviews were done in the rst year of the pandemic, when little to
no research was done on the impact of COVID-19 on professional musicians. Later, academic research
was published [85, 443], which points to some of the things we found through the interviews, and |

use this to resonate with and strengthen the work in other parts of this chapter.

The importance of acoustics and visuals in musicians' performance preparation.

The unanimous agreement among musicians on the signi cance of the acoustic properties of perfor-
mance spaces, demonstrates a desire for environments that can adapt to the distinct requirements
of di erent musical genres and styles. Musicians such as M1 and M7 expressed a need for spaces
that allow for soundproo ng and adjustable acoustic properties to eliminate sound re ections and
cater to speci ¢ sound quality needs: | think the biggest thing is having a room that we can go alll
out, where we are not restricted by any sound barriers. | would love to have a room where it is no
sound through, good acoustics, sound panels, where there is no re ection of sound (M1) ; It always

helps me, as a percussionist, to have really dry acoustics. [...] It has to be some kind of fabric to have
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a nice sound (M7). Furthermore, the need for exible acoustic setups that can be tailored to accom-
modate various instruments was expressed by M4: if you can change the acoustic characteristics of

the room, that would be very useful (M4).

Moreover, musicians emphasised the importance of pre-performance access to the venues where
they ultimately play music to ne-tune acoustics and visuals for achieving optimal performance
conditions. M4 explained Practices within the venue is good. So we check the visuals to see how
things look, get the lighting set up. We need to know which drums to sit where, to see how the
acoustics suit (M4). M8 further elaborated the thing that | look for in a venue is where the sweet
spot is in the sound of the room in which we're playing. [...] in order to be able to do that comfortably,

| have to nd the sweet spot in the room itself (M8). M9 goes on to clarify that access to a space
prior to the performance also allows for checking the lights, a key part of getting into a performance
mindset: it would be helpful, to have the lights set as they would be in the concert. | would suggest:
don't underestimate the importance of lighting. This is something | did underestimate earlier on.
Lighting is so important not just to musicians, but to how you present a performance and how you
feel when you are performing (M9). Such quotes reveal a need for performance venues to provide

musicians with su cienttime and exibility to adjust lighting, visuals and sound to their preferences.

Yet, access to performance spaces right before the performance is often limited, forcing musicians
to set up their instruments and soundcheck in a short time-frame.  We only get about 15 minutes
to about half an hour usually before the show actually starts. [...] and sometimes you don't get
soundcheck at all. So you just literally set your instruments up and you plug in, you do a quick
mumble on the bass or the guitar, and that's it (M5) . To overcome this challenge, musicians often
emulate the performance setup during their rehearsals, striving to recreate the conditions they will
encounter on stage. However, this practice is also not always feasible due to the constraints of
rehearsal spaces. We don't necessarily rehearse in the places that we use. But it helps, sometimes
to face in the direction that the stage would be, when we practice. So you're kind of rehearsing as
the actual performance itself. But we can't necessarily do that always in the studios that we book
(M6) . This limitation highlights a gap in pre-performance arrangements. It suggests a need for
better access and preparation opportunities in performance venues, as early access is necessary for
technical preparations and for ensuring that performers can create the right atmosphere for their

show, signi cantly impacting the overall quality of the performance and the audience's experience.

These ndings align with and extend the existing literature | present in Section 3.1.1, which underlined

the importance of the acoustic features of the space in enabling musicians to train, perform and
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adjust their playing techniques [400, 472]. Although research in this area has focused on the acoustic
properties of the space, the data indicates that the visual dimension is also important in musicians'
practice, as it enables them to prepare for performances more e ectively. The interplay between
acoustics and visuals in uences the musicians' ability to rehearse in a manner that mimics the live

performance environment and impacts their emotional and psychological readiness.

Musicians need spaces for enhanced creativity and expression.

Access to a variety of locations was perceived as important for creative musical practice, emphasising
the intricate relationship between physical surroundings and musical expression. M9, for instance,
emphasised how the music genre musicians work with directly correlates with and in uences their
spatial needs: | think having space to rehearse is important. Depending on the sort of music you're
producing, if you're doing intimate folk music, a small space is useful. If you're doing bigger sound-
ing pop or rock, you want more space for a louder sound (M9). In addition, the interviews revealed
that both visual and acoustic stimuli within the music practice space play an important role in in-
spiring musicians. M9 expressed a desire for creatively inspiring surroundings, stating: | suppose |
want the surroundings to be creatively inspiring in some way; they don't need to be massively inter-
esting, but you don't want to be surrounded by laundry drying or a washing machine. Because those
kind of things don't make me feel creative. You want to step out of the humdrum of existence]...] if
you're rehearsing amongst things, which take you o away from the creative sphere, which is why |
like rehearsing in my shed, because I'm surrounded by things and pictures or pieces of music that
will remind me of my musical world instead of my real world (M9) . Some other participants, like
M8, prioritised minimalist and bare practice rooms, explaining | like practice rooms to be absolutely
minimal and totally bare. Because when I'm rehearsing and when I'm working with spontaneous
music, the visuals are inside me. Not external, they're internal. [...] If I'm in a forest, I'm listening
to the trees more. I'm listening to the location and the sound that's coming back at me. Or | did a
series of pieces in an old fort and the sound of what | was listening to was the sound in the walls
and responding to the memory that people have placed there previously (M8) . The contrast between
external and internal stimuli illustrates the diverse ways in which musicians draw their inspiration,
demonstrating the role of environmental factors in shaping the creative process, whether by provid-
ing a visually stimulating backdrop or by allowing musicians to explore the auditory landscape of
their surroundings. Insights from our interviews strengthen ndings in [403] and [85], which showed

that musicians mentally associate certain spaces with creativity, enabling these spaces to serve as
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creative triggers.

Performing is a therapeutic necessity for musicians.

The challenges presented by the COVID-19 pandemic have stressed the role of performance as a
therapeutic outlet for musicians, pointing towards the broader topic of mental health and creativity
within the music community [136]. As live events stopped, this deprived musicians of their primary
means of expression and, at the same time, ampli ed feelings of isolation and mental strain. Tes-
timonies from individuals like M1 point to performance's therapeutic value, o ering solace and a
sense of release from personal struggles: And with mental health, when | perform, | usually say it
is therapy, because any issues we have when we perform, [...] they don't exist anymore, because you
feel relaxed. This is very therapeutical [...] And | miss that, and it has a ected me a lot personally
(M1). Concurrently, M2 and M6's experiences with increased isolation and diminishing motivation
re ect the profound emotional toll that such disruptions can exact on creative individuals: itis very
tough for me to practice and | feel more isolated because of it (M2) ; it's hard to stay motivated
when you can't see the light at the end of the tunnel [...] | personally feel that | have to be in a
happier place to be able to produce or play music (M6). This highlights the necessity for alternative
avenues that support musicians' mental wellbeing and creative expression, extending beyond the
immediate crisis induced by the pandemic. Musgrave [334] observed a tension between music as a
free tool to express, to play, to create which has many positive wellbeing bene ts and music as
employment and a form of performance perfectionism and optimisation, which, for some, can have
negative wellbeing rami cations. This duality was also addressed by Gross and Musgrave [178], who
mentioned making music is therapeutic, making a career from music can be traumatic . It seems
that a way to address this paradox is for musicians to centralise the joy of music-making and focus

less on the career element of their musical work, as proposed by Bonde et al. [67].

Musicians' shift to technology.

Musicians' experiences during the pandemic led to the urgency of integrating technology into their
creative and performance practices. As mentioned by M9, the shift to a digital mode of operation was
not a choice but a necessity, compelling musicians to develop digital skills for teaching, rehearsing,
performing, and collaborating online: I've had to work a lot more digitally. [...] All moved online, of

course, | had to learn to edit video for my students and for other musicians. | put on a lockdown
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concert in March as well. So actually, I've had to develop my skills (M9) . The transition to the
digital space, while showcasing musicians' resilience and adaptability, also uncovered signi cant
challenges. Musicians like M5 expressed concerns over the overwhelming abundance of platforms
and the di culties in standing out and monetising their work in a saturated online environment:

| mean, we have the choice, [...] but there's so many platforms out there that it becomes a little
bit overwhelming, it really needs to be something special. And it's a hard thing to do, [...] some
musicians are better at it than others. So, | guess they could probably survive in these times by using
new technology (M5). M1 further critiqued the current digital infrastructure's inability to support
the nuances of live performances, indicating a gap between existing technologies and the speci c
needs of musicians: See, the online performance platforms are good, but then they were never
updated properly. It was like nobody ever thought that we might need technology like that. So,
the technology we have right now is not good enough to support major performances. So | would
say, technology advancement would have helped people perform now (M1) . My ndings further
strengthen insights from the existing literature [85, 404, 490], demonstrating that the pandemic has
triggered a change within the music industry, which pushed artists to navigate the intricacies of
digital spaces more than ever before. This narrative also builds upon and expands the literature on
digital transformation, suggesting that the challenges and opportunities presented by the pandemic

could serve as a catalyst for reimagining the role of technology in creative industries [251].

Musicians are interested in VR for enhanced creative expression.

When asked about the possibility of using tools such as VR to support their creative practices, musi-
cians expressed optimism about VR's potential to simulate physical presence within a performance
or rehearsal space, with one noting the distinct advantage of VR in making one feel as if you're
actually sitting there, in the comfort of your home (M1) , thus marking a substantial bene t over tra-
ditional online platforms. VR was not only seen for its potential to eliminating travel and venue costs
but also opening up opportunities to rehearse and perform in virtually any space they can imagine,
from intimate settings to grand concert halls:  For example, I'm playing the instrument, and | feel

that | am in a big hall, it'd be very nice (M3).

Moreover, data from interviews also pointed to VR's capability for inspiring improvisation and spon-
taneous composition, suggesting that immersive experiences could lead musicians to engage with
their instruments and environments in more creative ways, free from the constraints of sheet music:

When you have a headset on, it will preclude the idea of reading music. That's where you've probably
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seen, you've either got to memorise something and then repeat it, or you can do what | do, which
is this kind of spontaneous interaction with the environment (M8) . Musicians also anticipated that
VR could o er new types of creative expression, allowing them to interact with the visual stimulus
and explore musical ideas in dynamic, visually inspiring settings: | would be playing them to the
visual stimulus, rather than regurgitating and remembering something. And then it's another aspect
of playing [...] it would be another experience, another aspect to what | do. | don't think it would be
an alternative, it would be another aspect to facilitate the creative spark in order to be able to get to

an audience, and | think it's something that de nitely is worth exploring (M8)

Nevertheless, despite the potential of tools like VR, musicians identi ed some concerns that need
to be addressed to realise its bene ts fully. Sound quality was considered paramount, as a realistic
and immersive soundscape is essential for providing musicians with the proper feedback and envi-
ronment for practising and performing:  to have the sound, you have to be able to create the sound,
the actual natural reverberating or the natural resonance of the sound in the hole that you're going

to be playing in. Because then you play to that sound. And it changes, well, from my point of view,
it changes the aspect of what I'm going to do (M8) . Additionally, latency, or the delay between an
action and its perceived response, was highlighted as a major consideration, as it could disrupt the
performance ow and create frustration for musicians. | think the only thing that would make me
not try any new technology if there will be any delay. So if I'm talking to you, and it takes some time
for you to get that, | think that would create a lot of miscommunication with music and it will be
very frustrating (M1) . Existing research has already shown that immersive technologies have pro-
vided new possibilities for the exploration of musical interaction with the development of virtual
reality musical instruments [409, 410]. However, as shown in Section 3.1.3, for musicians, there is still

signi cant unexplored potential in this area.

3.3.2 Technological explorations

The goal of technological explorations was to gather insights into the features and limitations of
current solutions for developing performance skills and to understand how the features of existing
technologies could be utilised for designing new systems. We conducted two one-hour-sessions with
the experts who led the initiative for the performance simulator in the Royal College of Music [106,
503] one of the only immersive solutions at the time targeted towards improving music performance

as noted in Section 3.1.3 and an immersive technology researcher.

64



In the rst session, we experienced the performance simulator and held a discussion about the ben-
e ts and limitations of the current system, as well as directions for future improvement (see Figure
5). The simulator creates the atmosphere and sounds of a live concert via a large screen in the
middle of a music room (similar to earlier VR CAVE systems). It operates in two modes (i) concert
featuring a virtual audience who applaud, cough, dget, talk and even boo, and (ii) audition sim-
ulation featuring an audition panel of three stern-looking judges, who may smile, fold their arms
or talk to one another. The “personality' of both the audience and judging panel can be pre-set to
friendly, indi erent or hostile. An AV recording system further allows musicians to watch, evaluate
and share their performances in the simulator immediately afterwards on any web-enabled device.
Although this system showed a positive impact on students' anxiety management [16], the perfor-
mance experts re-iterated a number of limitations extending from what has already been reported in
existing studies. Firstly, the simulator is con ned to the school premises and occupies a signi cant
amount of space. Moreover, it does not allow for the manipulation of the acoustic parameters - while
rehearsing, musicians are limited to the acoustic impression of that room, without the possibility of
experiencing the sound of appropriate concert halls or performance venues. Additionally, the visual
cues are projected on the room's walls, and the front projection restricts the musician's movements
(i.e., crossing close to the audience will cast shadows on the projected wall). As highlighted towards
the end of the discussion, these drawbacks and the access limitations resulting from the pandemic
hint towards an opportunity for portable immersive experiences that can expose musicians to dif-

ferent environments while allowing them to experiment in their musical practice.

Figure 5: Photographs of the performance simulator at the Royal College of Music. Musicians can play their instrument to

a projected audience.

In the second session, in order to understand how di erent portable immersive technologies would

t with the unique aspects of music performance, we exposed the performance experts to com-
mercially available VR and AR HMDs, including the HoloLens, HTC Vive and Oculus. This triggered a
discussion related to the di erent user experiences in head-mounted vs projection-based systems

and the opportunities and challenges that come with these types of systems. During this session, the
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two performance science experts who trialled the HMDs, commented on the portable nature of such
systems and the opportunities that come with spatial audio. Referring speci cally to the VR HMDs,
they appreciated the increased level of immersion they provide and their ability to teleport the user
fully to new environments but raised concerns regarding the need for using controllers as a mode
of interaction. They pointed out that relying on controllers for interaction could hinder musicians'
ability to play and engage with their instruments in a natural and intuitive manner. Conversely, when
discussing AR HMDs, like the HoloLens, which employ hand-tracking technology, the experts noted
that these devices have the potential to facilitate more seamless interaction with musical instru-
ments. However, they also acknowledged that AR HMDs might not o er the same level of immersion
as VR HMDs, hence do not provide the same opportunities, making it essential to strike a balance

between natural interactions and immersion to e ectively support creative musical practice.

3.3.3 Ideation workshop

During the ideation workshop, we engaged with 15 performance science researchers (all practising
musicians) and an immersive technologies expert, in a session aimed at gathering ideas for pro-
totyping an immersive system for performance preparation. The input we gave for the workshop
consisted of a 30-minute presentation on some of the problems musicians face related to space,
insights from the technological explorations activity, as well as showcasing relevant past work. We
then posed the question: How might immersive technologies be designed to support performance
preparation? and had a one-hour ideation session in groups of three to identify areas where musi-
cians themselves would use VR technologies in their own practice and potential designs and features

for musician-centred immersive applications.

Figure 6: Sketches of some of the ideas that inspired VR Rehearse & Perform (from left to right): singing and hearing their
performance with the reverberation of the venue in real-time, audience menu for choosing and playing performances in
VR and recording pianist with live mic and rendering in VR with acoustics of real venue

Workshop patrticipants, supported by the researcher facilitators, identi ed a set opportunities in

designing immersive experiences for musicians (see Figure 6 for some of the sketches produced in

the workshop). Their ideas pointed towards VR's potential for:
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~ Practising in diverse virtual spaces and experimenting with diverse acoustic settings
~ Simulating performances in iconic, life-goal venues to ful | aspirations

~ Viewing one's own performance from audience's perspective to gain new insights

~ Reliving successful past performances for motivation and learning

" Accessing a digital library of concert halls for varied rehearsal experiences

"~ Adjusting lighting within the virtual environment to aid performance mindset

"~ Utilising immersive spaces for emotional regulation, especially to manage performance anxiety

Besides the potential uses of tools like VR for musical practice, the discussions during the work-
shop also uncovered broader themes. For example, musicians spoke about how important concert
venues are for them; even though VR could teleport them to any imaginable environment, they mostly
wanted to visit existing iconic or familiar performance venues. This reveals the inspiration mu-
sicians draw from such spaces and their intrinsic value, pointing towards their cultural signi cance
and suggesting that this is something that tools like VR could be used for. Additionally, the focus
on customisable acoustic and visual settings, along with tools for emotional regulation, pointed to-
wards the multifaceted nature of performance preparation. This process involves psychological and

emotional preparation, areas where VR o0 ers unique support.

During the closing discussion, participants acknowledged that while practising using today's HMDs
might not be a feasible option for musicians due to their bulkiness and potential discomfort, there

is a growing potential for their use as technology continues to advance. Their interest suggested an
openness for integrating immersive tools into their creative processes to enhance their practice and

performance experiences.

3.3.4 Gathering acoustic requirements

During the interviews and workshop, the importance of acoustic quality was reinforced by the musi-

cians and performance scientists. Therefore, to further investigate what should be considered when
designing acoustics for immersive systems dedicated to musicians, we ran a short session with two
musicians where they trialled the 3DTi Toolkit - an open-source system for designing and rendering

realistic audio spatialisation and reverberation models, developed as part of the EU-funded project
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3D Tune-In (3DTi) [124]. The 3DTi toolkit enabled us to have musicians play their instrument and lis-
ten to emulated acoustics of di erent spaces. The two musicians downloaded the 3DTi Toolkit and
explored its use by playing their musical instruments and listening back to the real-time sound the
system produced when emulating the acoustics of small, medium, and large performance rooms.
The discussion that followed the testing con rmed that each performance space has its own unique
acoustic characteristics that are important to maintain even in a virtual setting. Mismatched acous-
tics where the audio does not accurately represent the spatial or reverberant qualities of the
intended environment disrupted their immersion and performance quality. However, musicians
also emphasised the importance of having high-quality acoustics during performance preparation

over visual stimuli.

3.4 From user insights to design requirements

Overall, insights from the activities we conducted show that musicians use the space acoustics and
visuals in complex ways, contributing to their skill development, creativity, and wellbeing. Music-
makers we engaged with emphasised the need for spaces that answer the acoustic requirements
of di erent music genres and instruments, which could be addressed by creating systems o ering
adjustable acoustics to replicate everything from intimate, dry acoustics to expansive, reverberant
concert halls. Visual customisation was also deemed vital for its role in creating the ambience of
various performance settings. During the interviews, participants shared their experiences with re-
cent technology adoptions and indicated a desire for new solutions that could support their practice.
They also expressed an interest in exploring immersive technologies and talked about opportunities
that these could bring. In this context, VR shows potential in enabling musicians to overcome some
of their traditional spatial and acoustic constraints by o ering them the possibility to make and
practise music in any imagined space with tailored acoustic properties and visual settings, thereby

opening up new horizons for artistic expression.

To explore the aforementioned potentials, | built on the insights gained and identi ed six essential
design requirements for immersive musical practice, through iterative discussions with all collabo-
rators involved in the project. | present them below and illustrate how we derived them from the
di erent activities (see Figure 4). The storyboard in Figure 7 presents an experience design emerging

from these design requirements.

68



Figure 7: VR Rehearse & Perform a storyboard of the musician's experience: musician at home, wearing their headset,
selecting the type of music they want to play and a location they want to visit like nature or a performance hall and then
they are able to play music, being immersed in that environment

While experimenting with various headsets in activities presented in Section 3.3.3, performance sci-
ence researchers observed that using hand controllers to operate the user interface could a ect
musicians' engagement with their instruments. Their feedback highlighted the importance of natural
interactions and freedom of movement while performing, which was translated into the formulation

of DR1.

" DR1:Natural user interactions that enable musicians to switch between playing their instru-

ments and interacting with the user interface.

Experimenting with the accurate acoustics of a space is one of the strongest themes that arose from
our activities. During the interviews, participants talked about how this could help them practice for
performances as it will allow them to mirror some of the conditions they would face in a live venue,
and train their skills by adjusting their techniques to di erent acoustic settings (Section 3.3.1). The
need for accurate acoustics was further strengthened by musicians involved in gathering acoustic

requirements in Section 3.3.4. Despite the importance of acoustics, the fact that existent simulators
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do not enable musicians to experiment with the real, accurate acoustics of spaces they ultimately
perform in, was indicated as an important limitation during the technological exploration session
presented in Section 3.3.2. To understand how realistic acoustic simulation could enhance musicians'

practice, we formulated DR2.

~ DR2:Accurate acoustics of the environments the musicians are in.

Throughout the interviews, musicians also pointed out how visual elements, such as lighting or the
aesthetics of a space, signi cantly impact their ability to get into the right mindset for rehearsing,

performing or creating music. In the workshop, participants expanded on this with ideas about using
immersive technologies to transform any space into an inspiring, real or imaginary, performance
venue. Therefore, in order to enable musicians to create their desired ambience and simulate various

performance settings, we derived DR3.

~ DR3: Customisation of the visual features of the environment (e.g., lights) that can be used to

set up the atmosphere for di erent types of performances.

Musicians emphasised that musical practice has various nuances from performing to compos-
ing and improvising that require producing di erent mindsets through various creative triggers.
Insights from our data, supported by research [85, 403], showcase that musicians often associate
speci ¢ spaces with creativity. Moreover, to initiate and maintain their creative pursuits, musicians
mentioned the need for various elements as sources for inspiration. These elements (i.e., acoustic
and spatial variety) are the building blocks of DR4 and DR5. By enabling the creation of virtual envi-
ronments that act as inspirational spaces, VR systems can support musicians in nding their creative
ow, o ering a diverse range of settings designed to stimulate and enhance their musical creativity

and practice.

" DR4: Customisation of the acoustic features of the environment (e.g., reverberation levels),
which would enable musicians to change the acoustic parameters depending on their instru-

ments and the type of music they want to play.

" DR5: Spaces that can be used as creative triggers. This requirement is also supported by
ndings reported in [85] stating that music-makers mentally associate certain physical spaces

with creativity.
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