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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. I 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, I 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, I 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 I 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, I 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, I 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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Setting the Context
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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, I 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 stakeholders, musicians and audi-

ences, I 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 specific platforms like Twitch and

Instagram [380, 481], my research takes a broader, human-centred lens. I engage directly with musi-

cians and audiences using qualitative methods, including interviews, workshops, observations, and

surveys. Through this process, I 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, I define remote music performances and explain the need to study them

further. I share the motivations behind my work and outline the main research questions guiding

the investigation. I then discuss my methodology, explaining why it is suited to the topic and how it

supports exploration of the human aspects of remote music. I also reflect on my positionality and

its influence on the research approach. Finally, I provide an overview of the thesis structure, giving

the reader a roadmap of what to expect in the chapters ahead.
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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 fills 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 five 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, I 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

quality that amplifies 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 filling the room, and the understanding that

this moment is unique – such elements turn live music into something difficult 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....
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The pandemic affected 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

off 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 flame 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 I 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. I started to ask myself:

Could remote music performance become immersive?

Could we design technologies that didn’t just substitute what was lost; but offered something new?
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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 (IoT), Artificial Intelligence (AI), 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 prominent1. Therefore,

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

Within my work I define 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 definition,

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

significantly 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. I 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

offer 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 offer something unique instead of being a poor substitute?

To explore these questions, I 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, I contribute to this emerging design space,

identifying what is challenging and where we can intervene and innovate in both design and research.
1https://unitedtalent.app.box.com/v/UTACOVIDConsumerStudy
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Together with both the musicians and the audiences I interacted with, we imagined how to design

technology, not just for now but as we move forward. I learned a lot from these conversations, and

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

My perspective might differ from others in this field: I am not a musician, computer scientist, or

engineer. I seek to find that middle ground where technology becomes a tool for musical expression.

Drawing on principles from HCI, music technology, and design research, I 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 I wish to inform the development of technology that genuinely resonates with people.

In doing so, I 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, I want to play a part in shaping its next chapter.

This work speaks to multiple audiences. For researchers in HCI and design, it offers methodological

and conceptual contributions for understanding and shaping complex design spaces. For musicians

and artists, it reflects 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, I 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.
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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 I 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, I tackle these questions by immersing myself in the world of remote music

performances (See Table 1 for details). I engage directly with musicians and audiences, attend events,

facilitate workshops, and develop and refine 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, I offer 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 RQ1 by providing a foundation for understanding how musical practices and performances

adapt to remote settings. It also informs RQ2 and RQ3 by outlining the existing knowledge about

musicians’ and audiences’ needs and perceptions regarding technology in remote music experiences.
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Table 1: Mapping of research questions to chapters with brief explanations from the researcher’s perspective.

Research Question (RQ) Chapters Addressed (How I 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: I characterise the design space and survey existing techno-
logical approaches, exploring how practices adapted to remote settings.
Chapters 3 & 4: I 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: I 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: I uncover musicians’ needs and desires through inter-
views and prototype evaluations.
Chapters 5 & 6: I 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: I examine how musicians perceive VR’s potential and
limitations, informing design choices.
Chapters 5 & 6: I investigate how audiences perceive remote technolo-
gies and identify design implications.
Chapter 7: I 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: I describe the methods used with musicians, including work-
shops and prototype development.
Chapters 5 & 6: I describe multi-method audience studies and a partic-
ipatory co-design workshop.
Chapter 7: I translate human-centred findings into design dimensions
and actionable guidance.
Chapter 8: I reflect on the researcher’s role and how reflexivity shaped
the research process.

Understanding musicians’ and audiences’ experiences. I 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. I employ interviews, workshops, observations, and prototype eval-

uations to gather plenty of data. Focusing on understanding my users, addresses RQ2 through un-

covering what musicians and audiences genuinely need and desire in remote music contexts. These

insights also inform RQ3 by 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. I generate speculative design ideas that commu-

nicate insights and potential innovations within the field of remote performances. I 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 findings, I offer a range of design suggestions

and opportunities for developing technologies that can enhance remote music experiences. I explore

different design dimensions, including sociality, embodiment, temporality, spatiality, and the senses,

and present specific recommendations for how these dimensions can be considered in the design

process. Additionally, I 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 responds to RQ3 and

RQ4, bridging the gap between the identified needs and perceptions of musicians and audiences and

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

Methodological insights. I 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. I 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 I 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, reflexivity played an important role in shaping

how I approached the research. Rather than adopting a neutral or detached stance, I treated my

own perspective as part of the inquiry – something to be acknowledged, questioned, and adjusted.

This is particularly evident in Chapter 8, where I reflect on how my background, assumptions, and

emotional experiences influenced not just what I studied, but how I studied it. My reflections are not

separate from the rest of the project: they shaped the questions I asked, the relationships I built, the

prototypes I developed, and the way I made sense of the findings. In doing so, I 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 RQ4 by showing how careful, contextualised, situated, and reflexive 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, I acknowledge that
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remote music experiences are shaped by a confluence of factors – from the technological platforms

that facilitate them, to the social and cultural contexts that influence 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 different 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-

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

Acknowledging the exploratory nature of my research, I 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 fitting for what I do, as I aim to understand phenomena deeply rooted in

personal and collective experiences [311]. Through recognising that multiple realities exist based on

individual perceptions, I explore the diverse ways musicians and audiences experience remote mu-

sic performances, each shaped by their unique backgrounds and desires. Engaging with the people

I design for and with, allows me to co-create knowledge that reflects 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 specificities of their experiences, emotions, and challenges – elements that quantitative

methods might overlook. Some of the methods I 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.

Reflexivity 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 influenced what I paid attention to and how I framed opportunities. I regularly

reflect on these dynamics and discuss interpretations with collaborators, treating my position in the

research and my reflexivity as an integral part of the research process.

My methodological choices align with a broader movement in HCI and related fields 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 quantifi-

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 defined. Furthermore,

adopting a constructivist, qualitative approach is consistent with practices in fields such as sociol-

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

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

1.4 Notes on the author’s role within the research

Whenever I discuss my work, people are surprised when they find out I 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 offer a

multifaceted perspective, which inevitably influences the outcomes of my work. Building on the

third-wave perspective of HCI [179, 199], and in line with the constructivist approach I adopt, I embrace

my own positionality and reflexivity within this thesis (rather than avoid it), acknowledging how it

influences every aspect of the research process – from the questions I ask to how I interpret the

data. Therefore, I made the intentional choice of writing this thesis in the first person, incorporating

my own reflections 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 I continually check my assumptions against the realities presented by my participants.

The qualitative methods I 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 I located within this research?

I am a 29-year-old white, able-bodied woman, born and raised in Cyprus within a middle-class family.

Over the years, I 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 field from Imperial College London.

Although I 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, offering

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

Furthermore, I consider myself a ‘professional live music audience’ (see in Figure 1 photos from

some of the concerts I attended). Live music has always been a central part of my life. I 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 I 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 fleeting 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 I made at live music events are some of my best stories, and I 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, I immersed

myself in countless livestreams during the lockdowns, finding 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 different music events I 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 first-person

insights into how these experiences have transformed into the digital space. While I 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, I 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 different 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, influenced 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’ specific 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, I 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 I focused on exploring how specific 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. I 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 I found my own voice as an HCI researcher – perhaps a

bit too critical at times. This evolution is reflected in the later parts of the thesis, where I 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, I unpack this transformation, amongst other things, reflecting on what I have learned as a

person within the technology research world beyond the findings of the research itself. Acknowledg-

ing this personal growth is important to me, as it also highlights how my positionality continuously

has influenced and has been influenced 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, I seek to produce collaborative, empathic work founded in the realities of those it

intends to serve. Nevertheless, I also understand the constraints of my position. My experiences and

viewpoints may only partially reflect the complex reality of all musicians and audience members,

particularly those from backgrounds other than mine. To overcome this, I engage people from var-

ious backgrounds, carefully listen to their stories, and validate my interpretations using participant

feedback and peer conversations. My reflexive 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, I introduce the structure of my thesis, guiding the reader through the questions and

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

Part I 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), I 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, I begin to characterise the design space my work speaks to through surveying existing

literature, articles, reports and performance examples. I start by defining 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. I then explore live music as an inherently

immersive medium, highlighting the conventional dynamics of musicianship and audience engage-

ment that inform my work. I 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’, offer pos-

sibilities. Still, as I 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, I 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 final section, I turn to methodologies for understanding users and designing

immersive experiences. I briefly 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 II 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, I 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. I 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, I 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 & Perform, which takes shape through

iterative refinement through engagement with music-makers using it. The experiences of musicians

who interacted with the prototype are then presented, offering some preliminary insights into the

effectiveness of VR technologies in enhancing musical rehearsal and performance practices.

In Chapter 4, I extend the exploration of the VR Rehearse & Perform prototype by presenting its final

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 offers 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 I step back to

reflect on the design process itself. While I intended to adopt a human-centred approach – and I

followed methodologies often used in HCI – I realised that my work was still shaped, to some extent,

by the capabilities and constraints of the technology I 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 III, I

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 III 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, I 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, I identify motivations

and interaction patterns of remote music audiences. I also explore some of their challenges, in-

cluding barriers to engagement and limitations in the current digital platforms. Moreover, I 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 findings reveal audience engagement

patterns in remote music events across digital platforms, uncovering how each platform’s unique

features and affordances shape audience interactions as well as highlighting unmet needs, desires

and opportunities. The platform-specific 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, I build on the findings from Chapter 5 but take a broader perspective, moving beyond

platform-specific 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 first part

of the Chapter 6, I synthesise the findings 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

different aspects of immersion. In the chapter discussion, I present actionable design insights, fo-

cusing on the experience aspect rather than the specific technology. I conclude this chapter with a

section reflecting on the methodology I 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 reflecting on the broader implications of the work.

In Chapter 7, I synthesise the findings from the thesis into a practical design toolkit, offering action-

able guidance for creating meaningful remote music experiences, informed by the insights gathered

through working with musicians and audiences and the lessons I learned throughout the processes I

followed. Here, I present design dimensions to offer ways of approaching the design of remote music

performances by thinking about the experience first and allowing the technology to follow. I also

present design opportunities accompanied by examples, which can serve as inspirational starting
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points for new work. Lastly, I give some final reflections on designing for remote music performances.

In Chapter 8, I step back to reflect on the journey of my work on remote music performances and my

broader experiences as an HCI researcher. I 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, I 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 offer unexpected contributions nonetheless,

such as art installations or exhibition booths. Beyond the design work itself, I point to the personal

and emotional dimensions of conducting research. I 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. I 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. I 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, I bring the thesis to a close, summarising the key contributions, considering the broader

implications of my work and the stakeholders it speaks to. I revisit the initial research questions and

summarise the essential findings and learnings. Here, I also acknowledge the thesis’s limitations

and outline potential future research opportunities. Overall, in this chapter, I encourage future re-

searchers to continue expanding the boundaries of this field.
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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 offer 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, I 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. I frame immersion as a human experience rather than a technological feature, and I 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. I also examine the current

state of technology research, particularly around immersive technologies, where I draw attention to

a frequent emphasis on improving or creating new technology rather than addressing the specific

needs of musicians and audiences. Building on this observation, the final 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, I lay the groundwork for my

methodological approach and the human-centred perspective that drives my work. I 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 Defining immersion

Before diving into the context of music, it is necessary first to define what I 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 definition varying across disciplines and contexts [338].

Scholars broadly agree that it involves a sense of being or feeling surrounded by something, though

its specific interpretations differ significantly depending on the field [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] defined immersion as a property of

the system where the extent of immersion depends on how effectively 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 affect 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 definitions 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 definitions, 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 classified as dif-

ferent types of immersion, but all link to immersion as a mental state [2]. While these perspectives

align closely with the view I 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 different 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, I intentionally take an even broader view. Rather than viewing immersion as some-

thing technology enables, I 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 definition, 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, I talk about experiences that absorb and engage us in the moment regardless of the specific

technology employed rather than immersive experiences as experiences enabled by technologies

(i.e., XR technologies), which is the most widely used definition [92] in the field I 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 difficulty, it offers 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 reflects 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 redefining 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

it is 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 affirm 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 definition 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, I 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 I 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 I define as individuals who improvise, compose, arrange and/or perform music -

are the driving force behind the melodies that define 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, refining 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 insufficient

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 effect’ on creativity,

leading to greater fluency and originality in musicians [257]. It also hones cognitive flexibility 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 reflect the musician’s unique perspective [240]. Both practices demand technical

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

Engagement in creative musical activities has also been associated with a state of flow [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 effort alone [298]. Unlike other immersive experiences, flow 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 flow 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 flow 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, offers 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 reflect 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 influenced 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 influence the

performer’s delivery, creating a feedback loop that makes live music uniquely immersive. The mutual

influence 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 specifically 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, influenced by the music genre, event context, and

individual preferences [449]. Physical participation – dancing, clapping, singing, or creating mosh

pits – defines much of the visible interaction in genres like rock and pop. In contrast, classical

music or jazz audiences show more restrained participation, such as focused listening and controlled

applauding, reflecting the contemplative nature of these settings [79]. Performers, through their

style and interaction, shape these responses, guiding audience behaviour and influencing 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 amplifies

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 Émile Durkheim termed collective
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effervescence - 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

solidifies 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 significantly influences 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, unified crowd. The collective experience here is accentuated, with the audience’s energy and

enthusiasm feeding off 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 as ambassadorship: 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 qualities 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 fixed ‘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 ‘flatten 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 effect on event organisers, venue staff,

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, I explore how these shifts transformed the landscape of music performance, revealing

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

2.5.1 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

confined in their homes as part of national pandemic control measures [229]. From the early days

of the pandemic, music became a beacon of hope, fulfilling 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, offering 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

venues2. 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 affected 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 efforts demonstrated music’s ability to overcome physical boundaries, fostering

collective resilience and highlighting its cultural significance 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 reflected 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. Artists 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 landscapes3. 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,

finding 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.
2https://www.globalcitizen.org/en/content/john-legend-together-at-home-against-coronavirus/
3https://www.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 significant 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 financial 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 effective short-term income

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

Beyond the financial toll, the pandemic had a significant 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 financial instability, further diminished

motivation and creative energy, making it difficult for musicians to engage in their art even though

they knew that it might help [85].

The COVID-19 pandemic also significantly impacted the practices of musicians, affecting 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 fluctuation 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 refine 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 different 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, finding 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

32



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 performances4. Live streaming offered 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, fulfilling 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 I look at how technologies have supported and redefined remote music practices.

2.6.1 Music in HCI

Within the HCI research space, music has become a dynamic area of study, focusing on how technol-

ogy influences and reshapes musical creation, performance, and audience experience. This space

brings together researchers, designers, musicians, and technologists to explore how computational
4https://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)5 and NIME (New Interfaces for Musical Ex-

pression)6 highlight advances in musical interfaces and embodied interaction [216], while initiatives

like the Internet of Sounds network7 and journals such as the Journal of New Music Research8 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 subfield 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 efforts 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 I will focus on work relevant

to remote music performances, specifically 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. I would like to note here that

much of the research I discuss involves immersive technologies because of the significant role they

play in enabling remote music experiences. Although I 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 redefine how musicians engage with their craft [411]. Here, I explore how these

technologies enable new forms of creativity, focusing on their role in supporting musicians working

across physical and virtual spaces.
5https://www.chime.ac.uk
6https://www.nime.org
7https://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 flexible, personalised virtual settings that enable new forms of composition and perfor-

mance. Customisable virtual environments, for example, have shown potential in improving creative

flow. Schlagowski et al. [403] developed a VR application for composing percussive beats, demon-

strating that tailored environments significantly enhance creative flow. Personalisation improved

user experience and addressed specific creative needs, fostering innovation. However, experienced

musicians found these tools less expressive than traditional methods, indicating the need to inte-

grate familiar instruments and workflows to bridge this gap.

Research has also targeted broader creative tasks like composition and sound design. Soundfield

[175] presented a way to manipulate spatial sound as a compositional element, moving beyond static

music-making towards more immersive, multi-layered configurations. 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 efforts have grown more accessible through

platforms leveraging WebXR and Web Audio APIs [86], which offer 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 unified 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, exemplifies 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 findings 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 sacrificing the control that musicians value.

Virtual Reality Musical Instruments (VRMIs)

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]9. 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, sonified 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 filled 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 difficult 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 refinement 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 field 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 different 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-
9Caves 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 effective in helping musicians manage stage fright. Bissonnette et al. [56] demonstrated how

VR systems can simulate concert-like environments, offering 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 significant 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 fingers. Similar systems have been

developed for piano [55, 517] and drums [521], delivering intuitive feedback that makes practice ses-

sions engaging and effective. 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.

37



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

a time-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, offering 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, offering audiences an opportunity to explore historically inspired environ-

ments. Many studies in these domains reported benefits 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 fit 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 specific use cases they address. These contri-

butions are important, especially since target specific use cases and offer 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 offer significant 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 reflection not only on what is built, but on

how it is used and why it matters. In this thesis, I 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 reflective 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 field 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.

2.7.1 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

40



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, reflecting 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 fidelity. 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 different contexts. It is important to note here, that since interpretations

and understanding of human-centred design can vary widely, what I describe here may not resonate

with some but could fully encapsulate the understanding others have of it. My own understanding

continues to evolve as I go deeper into research and engage with different perspectives.

Publication venues like CHI conference on Human Factors in Computing Systems10, Design Interac-

tive Systems (DIS)11, and Participatory Design Conference (PDC)12 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 superficially [72],

treating it as a validation step or a buzzword13 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 fields

like remote music performance, where it helps navigate complex ecosystems involving performers,
10https://chi2025.acm.org
11https://dis.acm.org/
12https://dl.acm.org/conference/pdc
13I often find that this happens a lot with the terms co-design and participatory design within HCI.
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audiences, and technologies. Here, human-centred design approaches offer me a way to explore and

expand the design space through the eyes of its people.

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, I 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 offer ways for understanding and addressing human-

centred challenges. Moreover, I want to note the text that follows is not exhaustive and does not

aim to provide rigid definitions or analysis; the goal is to offer an overview of key topics and their

intersections while recognising the overlaps and fluidity 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 reflect users’ needs, values, and experiences [491]. While of-

ten used interchangeably in HCI, they differ 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 significant 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, offering 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 superficial 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 conflicting 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 benefit 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. I 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,

43



often used alongside contextual methods, offer flexibility to gain insights into behaviours and needs.

Beyond interviews, contextual and situated approaches focus on studying users within the specific

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-specific insights often overlooked in controlled settings. Ethnography uses long-term ob-

servation to uncover patterns and values [237], while contextual inquiries focus on workflows 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 specific 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 different 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 specific contexts can risk

overgeneralisation, particularly in interdisciplinary fields like HCI, where cultural and technical differ-

ences influence applicability [195]. Navigating situated approaches in online environments presents

additional complexities, requiring adapting methods to fit 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 affordances, such as asynchronous communication and virtual anonymity [206].

In my research, these methods have been essential for understanding how remote music technolo-

gies fit 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 I also

used qualitative surveys, particularly in the audience-focused phase of the study, to gather broader

perspectives and open-ended reflections 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 refine solutions through iterative processes [279, 310, 341]. Pro-

totypes can range from low-fidelity, such as sketches and wireframes, for quick exploration to high-

fidelity ones, simulating real-world interactions for detailed user testing. Mixed-fidelity prototypes

combine both, focusing resources on critical areas while maintaining flexibility in others [279, 310].

Prototypes can take many forms, such as physical artefacts or digital ones [173]. The flexibility en-

abled by their form and fidelity makes prototyping invaluable for iterative design, where constant

testing and refinement 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

effective 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 fidelity calibration

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

Prototyping, while a great tool also introduces several tensions that require careful navigation, in-

cluding balancing fidelity to avoid oversimplification 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 refinement

and careful alignment with design goals. Within my own work, I used prototypes to explore user in-

teractions, refining designs to support creative practices, and addressing the domain’s complexities.

45



Speculative design, design fiction 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, offering tools to critique 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 reflect 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, AI 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 superficial 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, offering insights that challenge norms and

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

Embracing reflexivity

Reflexivity – the practice of critically examining one’s role, assumptions, and influence within a re-

search or design project – is very important in human-centred design. In HCI, reflexivity 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, reflexivity 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, reflexivity 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]. Reflexive methodologies address this by acknowledging

the researcher’s influence 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 reflexive allows me to examine my assumptions,

methods, and evolving understanding. It allows me to adapt, remain transparent, and ensure ethical

soundness. Reflecting on my dual role as researcher and participant in this thesis, I navigate tensions

and opportunities that arise during the design process, grounding my insights in an awareness of my

influence. Inspired by Doucet’s concept of “gossamer walls” [138], I aim for clarity and accountability

in interpreting and sharing my findings.

2.8 Bringing it all together

In this chapter, I 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. I examined immersion not as a fixed attribute of technology but as a lived and

multifaceted experience shaped by attention, emotion, space, and social presence. I 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, I give a summary

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

Immersion is not only about escapism or high-fidelity simulation. Rather than framing immersion

as the result of isolating technologies or sensory substitution, I 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. I 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 workflows and spaces.

Audiences contribute to liveness and meaning. The presence and participation of audiences, through

physical reactions, rituals, and even parasocial connections, shape the emotional and immersive

qualities 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 offer a way forward. I made a case for situating

design in lived experience, paying attention to context, values, and the messy, affective 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 I approached the study of remote music performances, how technologies are

critiqued, and how I explored new possibilities; not by chasing technological novelty, but by centring

the people and practices that give music its meaning.
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Part II

Musicians
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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 different 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 specified 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 financial 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 affected 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. I 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 offer

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 & Perform emerged 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 definitive solution, my goal is to utilise it as a medium to examine how musicians interact

with immersive settings and uncover insights into their potential benefits 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. I see VR as a lens through which to engage with the design challenges and opportunities

in this space, not as a one-size-fits-all answer. I 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, I first 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,

I 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, I

discuss the implications of my findings and provide insights for developing immersive experiences

tailored explicitly to some of the unique demands of musicians. The discussion is informed by the

qualitative analysis of the feedback collected while evaluating VR Rehearse & Perform. Lastly, I go

beyond the immediate research findings and reflect on what I 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 significant mile-

stones. Innovate UK funded the first 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, I 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, I 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 exemplifies how digital tools can be used as a medium for sup-

porting musicians’ creative needs related to space. In the sections that follow, I outline the iterative

design, development, and initial evaluation of VR Rehearse & Perform, illustrating the prototype’s

evolution to meet the specific needs of individual musicians. These needs were identified from a

thorough review of the existing literature and further refined 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. I 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 final prototype version, which is further explored in the

subsequent chapter. Lastly, I outline some initial design insights gathered during the entire process

with the hope of inspiring other designers to venture into similar work.
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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]. Schärer 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 differences identified 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 field 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 flow [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 differences 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 effects 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 specific 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 significant 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-

tified three key ways creativity was affected 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.g., 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 reflects 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 effective, the brain appears to infer its perceptual

model from the virtual world, corresponding to the actual sensory data stream. However, effective

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 effects 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 offering 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 Théâtre de l’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 simulator14 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 benefit musicians’

performance and reduce their anxiety [15, 16]. It is important to note here some of the significant

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.
14https://www.rcm.ac.uk/research/projects/performancesimulator/
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3.2 Methodology overview

Figure 4: The process of defining the design requirements and developing VR Rehearse & Perform based on user insights
and rounds of iteration.

The main goal of the first 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 I followed). Using a musician-centred approach, the first

step was to engage with professional musicians and performance science researchers to capture a

broad range of experiences about how immersive environments could support different facets of

their work. This was done through a series of targeted activities, run with my collaborators, aimed

at ii) understanding their specific needs and preferences and ii) exploring together how immersive

technologies could be integrated into their workflows 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 offering 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, I 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 refinement.

With the requirements as a blueprint, I started developing VR Rehearse & Perform, a prototype aimed

to simulate performance spaces, offering 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 refined based on feedback and the evolving

understanding of musicians’ needs. The first prototype was evaluated in a lab setting and in the

wild, involving 11 musicians. To gather feedback and inform further iterations of the prototype, I

interviewed the participants. I conducted a preliminary analysis of their answers to ensure that each

version of VR Rehearse & Perform is 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, I 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 reflected 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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3.3.1 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 different backgrounds (M1-M9). During the interviews I 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, I 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 I shifted

through the data such as ‘lighting’, ‘creative mindset’. In the sections below, I briefly 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 first 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 I

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 significance of the acoustic properties of perfor-

mance spaces, demonstrates a desire for environments that can adapt to the distinct requirements

of different musical genres and styles. Musicians such as M1 and M7 expressed a need for spaces

that allow for soundproofing and adjustable acoustic properties to eliminate sound reflections and

cater to specific sound quality needs: “I think the biggest thing is having a room that we can go all

out, where we are not restricted by any sound barriers. I would love to have a room where it is no

sound through, good acoustics, sound panels, where there is no reflection 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 flexible 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 fine-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 I 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,

I have to find 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. I would suggest:

don’t underestimate the importance of lighting. This is something I 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 sufficient time and flexibility 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, significantly impacting the overall quality of the performance and the audience’s experience.

These findings align with and extend the existing literature I 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 effectively. The interplay between

acoustics and visuals influences 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 influences their

spatial needs: “I 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: “I suppose I

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 off away from the creative sphere, which is why I

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 “I 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 I did a

series of pieces in an old fort and the sound of what I 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 findings 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, amplified feelings of isolation and mental strain. Tes-

timonies from individuals like M1 point to performance’s therapeutic value, offering solace and a

sense of release from personal struggles: “And with mental health, when I perform, I 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 I miss that, and it has affected me a lot personally

(M1)”. Concurrently, M2 and M6’s experiences with increased isolation and diminishing motivation

reflect the profound emotional toll that such disruptions can exact on creative individuals: “it is very

tough for me to practice and I 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 [...] I personally feel that I 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 benefits and music as

employment and a form of performance perfectionism and optimisation, which, for some, can have

negative wellbeing ramifications. 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, I had to learn to edit video for my students and for other musicians. I 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 significant

challenges. Musicians like M5 expressed concerns over the overwhelming abundance of platforms

and the difficulties in standing out and monetising their work in a saturated online environment:

“I 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, I 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 specific

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 I would

say, technology advancement would have helped people perform now (M1)”. My findings 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 benefit 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 I feel

that I 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

63



seen, you’ve either got to memorise something and then repeat it, or you can do what I do, which

is this kind of spontaneous interaction with the environment (M8)”. Musicians also anticipated that

VR could offer new types of creative expression, allowing them to interact with the visual stimulus

and explore musical ideas in dynamic, visually inspiring settings: “I 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 I do. I 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 I think it’s something that definitely is worth exploring (M8)”.

Nevertheless, despite the potential of tools like VR, musicians identified some concerns that need

to be addressed to realise its benefits 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 flow and create frustration for musicians. “I 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, I 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

significant 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.
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In the first session, we experienced the performance simulator and held a discussion about the ben-

efits 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, fidget, 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, indifferent 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 confined to the school premises and occupies a significant

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 different portable immersive technologies would

fit 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 different 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 specifically 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 offer 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 effectively 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 participants, supported by the researcher facilitators, identified 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 fulfil 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 significance

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 offers 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 different 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 confirmed 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 different music genres and instruments, which could be addressed by creating systems offering

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 offering 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, I built on the insights gained and identified six essential

design requirements for immersive musical practice, through iterative discussions with all collabo-

rators involved in the project. I present them below and illustrate how we derived them from the

different activities (see Figure 4). The storyboard in Figure 7 presents an experience design emerging

from these design requirements.
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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 affect

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 different 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, significantly 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 different types of performances.

Musicians emphasised that musical practice has various nuances – from performing to compos-

ing and improvising – that require producing different mindsets through various creative triggers.

Insights from our data, supported by research [85, 403], showcase that musicians often associate

specific 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 finding their creative

flow, offering 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

findings reported in [85] stating that music-makers mentally associate certain physical spaces

with creativity.
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Considering the emotional challenges associated with music playing, including performance anxiety

and the impact of COVID-19 on their wellbeing, musicians expressed a need for environments that

could help manage their emotions, for example, stimulating the feelings associated with music per-

formance. Insights presented in Section 3.3.1 and enforced during activities presented in Section 3.3.3

showed VR systems could be a promising solution, offering virtual spaces that evoke feelings of per-

forming like excitement, anxiety, or the exhilaration of being in front of an audience. Such spaces

could help prepare musicians not just technically but also emotionally for performance, as well as

evoke different emotions that can contribute to creativity and inspiration. They can allow musicians

to navigate the emotional ups and downs of music performance in controlled and supportive visual

settings. This context informed the formulation of DR6.

• DR6: Immersive spaces that regulate emotions. For example spaces that prompt emotions

similar to those of a performance.

3.5 VR Rehearse & Perform prototype design

Figure 8: VR Rehearse & Perform - a Virtual Reality system to support musicians’ practice.

Following the design requirements we formulated from the activities with the music-makers, a mixed

fidelity prototype [310] called VR Rehearse & Perform was developed (see Figure 8). I describe the

prototype as mixed fidelity, following the five dimensions given by McCurdy et al. [310]: it is high

fidelity in two of the dimensions – depth of functionality, richness of interactivity – and mid to low

fidelity in the other three – level of visual refinement, breadth of functionality and richness of data

model.

The prototype was used to refine our understanding of musicians’ needs and how immersive tech-

nologies could play a role in their creative musical practice, through a tangible experience. VR Re-

hearse & Perform served as a tool for eliciting more informed dialogue and authentic feedback from
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musicians. It allowed musicians to have a hands-on, practical experience with a VR application tai-

lored to some of their specific needs, offering valuable insights into how such tools might be adopted

and embraced by the music community. In the section below, I describe the technical implementa-

tion of the prototype as well as relevant design choices I made based on the findings of the earlier

explorations.

Functionality. When the application starts, musicians are positioned in the middle of a concert

hall’s stage. A real-time microphone input feature of VR Rehearse & Perform enables the performer

to speak, sing or play an instrument and listen to real-time audio feedback from the virtual environ-

ment. At this stage, because of the national lockdown imposed by the pandemic, we did not have

access to capture the acoustics of the performance hall we modelled. Therefore, for this version of

the software, we offered musicians the possibility to choose between approximate acoustics emu-

lating a small (shorter decay), medium and big auditorium (longer decay) (I note here that because

of this, DR2 was not fully met in this version of the prototype, but later on with the refined prototype

in Section 4.1). Given the need for customisation expressed through DR3 and DR4, users are able to

interact with the lights of the auditorium – adjusting their intensity – and to choose between the

three types of acoustics available for this version. Users also have the option to turn off the acoustic

feedback and listen to the natural sound of their instrument in the physical room they are in.

Game engine and VR platform. VR Rehearse & Perform was developed using Unity 3D game en-

gine15, combined with the Oculus Integration Package SDK, and was deployed on the Oculus Quest 1.

The Quest was chosen because of its ease of use, portability and low cost, all indicating the potential

for a more inclusive technology, accessible to many musicians [135]. Furthermore, Oculus Quest has

hand-tracking capabilities and allows for external headphone input for controlled sound quality.

Sound. According to [196], acoustics are influenced by the “musical spatiality relating to the acous-

tic conditions of performance (types of enclosures, outdoor environments)” and by the location of

musicians and sound sources within the performance space. Therefore, to be able to meet DR2 and

ensure accurate and high-quality spatialisation and reverberation of the sound, we adapted the 3DTi

toolkit [124] into a plug-in for Unity. We chose to use 3DTi because of its accuracy in simulating

human hearing. While other similar tools exist (for example Resonance audio16), they usually focus
15https://unity.com
16https://resonance-audio.github.io/resonance-audio/
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on efficiency and performance rather than accuracy. To the best of our knowledge, other existing

tools do not allow for the creation of authentic acoustic reproductions, limiting users to the cus-

tomisation of a set of specific parameters. 3DTi allows the input of the exact acoustics of a space.

The spatialisation and 3D reverberation features of the toolkit mean that the audio output is directly

correlated to the user’s head position and direction in the space. This feature has the potential to

support immersion and improve users’ experience [76], and can also be used as a musical tool [168].

Existing Unity libraries struggle with real-time audio processing17, leading to noticeable latency. While

latency is inherent to Digital Signal Processing (DSP), efforts have been made to minimise it, espe-

cially in applications like networked music-making [468]. Participants in our study highlighted latency

as a major concern for remote music performances. Typically, DSP latency ranges from 10–20 ms,

but higher values can create unnatural delays detectable by the human ears [84]. This issue is wors-

ened on the Oculus Quest’s Android-based operating system and the headset’s limited processing

power. Initially, using Unity’s microphone input alongside the 3DTi plugin to simulate room acoustics

resulted in over 400 ms of latency. To address this, we developed a native audio plug-in for Unity

using the Juce platform. Unlike Unity’s default audio loop, this plug-in created a separate audio loop,

reducing latency to 20–35 ms.

Figure 9: The Amaryllis Fleming Concert Hall and the 3D model we created based on it

Performing space. The virtual environment we chose for this version of the prototype was a 3D

representation of the the Royal College of Music’s Amaryllis Fleming Concert Hall18 (Figure 15, first

image). A low-polygon 3D model was developed using Maya 2020, based on a high quality point cloud

of the venue, captured with a Leica BLK360 LiDAR camera, that included texture information (Figure

9, second image). The choice of the Royal College of Music’s Amaryllis Fleming Concert Hall as the

virtual environment served DR5 by offering a space associated with high levels of creativity and DR6
17https://gametorrahod.com/android-native-audio-primer-for-unity-developers/
18https://www.rcm.ac.uk/hire/hirethercmforanevent/amaryllisflemingconcerthall/
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by replicating a venue that can evoke the emotional intensity of live performances. Using a famous

concert venue as the first performing space was mostly inspired by the workshop discussions about

musicians’ dreams of performing in renowned venues and the role of such experiences in combating

performance anxiety. Moreover, we went for a minimalistic approach to the 3D development of the

space for three reasons: i) musicians expressing the need for non-cluttered spaces when performing

during the interviews ii) so that visual feedback does not overpower a user from focusing on the oral

feedback [403] and iii) to optimise performance.

Figure 10: The gestures used in VR Rehearse and Perform

User interaction. Our experiential explorations with musicians and performance researchers in-

dicated the importance of having a controller-free interaction with VR Rehearse & Perform. This is

necessary because musical artists need to play their instruments without any constraints and have

limited non-essential interaction during practice [233]. Motivated by this and to address DR1, I used

Mixed Reality Toolkit (MRTK) – an open-source, cross-platform development kit for mixed reality ap-

plications19 – to enable hand-tracking as the main form of user interaction in the prototype. By doing

so, we enabled musicians to interact naturally with VR Rehearse & Perform, as they do not need to

constantly switch between VR controllers and their musical instruments. The MRTK was chosen, as

it comes with a set of pre-defined gestures that enable to user to interact with the interface, as well

as with a set of pre-made user interface components that can be easily customised (see Figures 10).

3.6 Musicians dive into VR

User experience pilots. The prototype was refined before extensive participant evaluations through

conducting three pilot sessions with three guitarists (see Figure 3.6). None of them had prior experi-

ence with the software. Two of the musicians had used VR before, but not hand-tracking technology,
19https://docs.microsoft.com/en-us/windows/mixed-reality/mrtk-unity/
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Figure 11: Musicians giving feedback on the first version of VR Rehearse & Perform.

while the third musician had no prior VR experience. The pilot aimed to ensure that the system func-

tioned as expected and that user interactions were intuitive. During these initial tests, users provided

feedback on improving the prototype, which had previously only been used by researchers familiar

with VR and the software. Participants found that the menus used for controlling the experience

were too small and challenging for inexperienced hand-tracking users. To address this, menus were

scaled up to enhance accessibility, and buttons replaced sliders and drop-downs whenever possi-

ble. The reverb selection remained a slider but was significantly increased in size for easier use.

Furthermore, audio feedback was added when an interaction takes place, e.g a button is pressed.

3.6.1 Testing protocol

To assess the implementation of the design requirements gathered in the first phase and to evaluate

the functionality of VR Rehearse & Perform, two rounds of tests were carried (controlled and in-the-

wild) with 11 professional musicians (i.e., their main source of income comes from music), taking

advantage of their domain-specific experience. The goal was to explore the impact of our design

choices and identify infeasible and missing functions or interactions [487].

Figure 12: Using hand gestures (the user turns their left palm inwards) a menu appears.
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Round 1 - Controlled. In Round 1, five musicians (P1-P5; 4 males and 1 female; aged 40-69 – see

Table 3) experimented with playing different musical compositions while immersed in our software.

These experiments took place in person, in one of our research labs, and lasted between 1 and 2

hours. They were followed by semi-structured interviews that were audio recorded.

Round 2 - In the wild. Round 2, involved six vocalists from different musical backgrounds (P6-P11;

2 males and 4 females; aged 20-40 – see Table 3), and was designed as an in-the-wild experiment.

Given that it took place under a period of full national lockdown, the in-person contact between

researchers and participants was minimal (i.e., the researcher was not present when the musicians

used the software). We worked with vocalists as it required the least amount of set-up on the musi-

cians’ side to use without guidance. Participants were given an Oculus Quest 220 with a standalone

version of VR Rehearse & Perform installed for several days, and were instructed to use it for their

musical practice at home or at a location of their convenience. This was followed by an online ques-

tionnaire covering the topics of comfort, ease of use and operation, and the impact of the quality

of visuals and audio on singing. A semi-structured online interview lasting 25-30 minutes was con-

ducted post-experience to give participants an opportunity to expand on their responses.

3.6.2 Participants, data and analysis

Participants were recruited through social media as well as our personal and professional networks.

Prior to their participation in our study, all participants were given a participant information sheet

and signed consent and photography/video release forms, approved by the Ethics Committee at

the Royal College of Music. These gave permission for the interviews to be audio recorded and the

software tests to be photographed, screen-captured and video recorded21.

The audio recordings of the interviews in Round 1 and Round 2 were transcribed. The transcripts

were coded and labelled using deductive thematic analysis for this initial round, which was focused

on understanding how participants used VR Rehearse & Perform. The interviews conducted in these

two rounds informed the design of the final iteration of the prototype. They were further analysed

as part of the overall result themes that are presented in Chapter 4.
20As Oculus Quest 2 became available on the market, we decided to port our prototype to this headset. This came with

significant improvements to visual and audio performance, due to its much faster processor, better display, and more RAM.
21This was not done for the Round in-the-wild evaluations
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Table 2: Participants details for Round 1 and Round 2: ID, occupation, instrument played while in VR Rehearse & Perform,
type of music performed, evaluation round they participated in.

PID Occupation Instrument Type of music Eval.
round

P1 Professional flute player and music teacher Base flute Improvisation 1 + 3

P2 Multi-instrumentalist musician and music teacher Yukalele and
singing Own music + Improvisation 1 + 3

P3 Professional Japanese drum player Japanese
drums Improvisation 1

P4 Professional guitarist and vocalist(band member) Singing Improvisation 1
P5 Professional keyboard player (band member) Keyboard Random Notes 1
P6 Postgraduate and professional opera singer Singing Known musical piece 2
P7 Postgraduate musician Singing Known musical piece 2
P8 Postgraduate and professional opera singer Singing Known musical piece 2
P9 Postgraduate and professional opera singer Singing Known musical piece 2
P10 Undergraduate musician, vocal principal study Singing Known musical piece 2
P11 Former professional jazz singer Singing Known musical piece 2

3.6.3 Preliminary findings

In general, musicians in Round 1 and Round 2 were positive about the potential of VR to support their

practice, connecting the immersive space with an enhanced ability to perform “I think it might make

a big difference, especially for singers. It’s always difficult to find a good room to rehearse (P8)”; “

I love the chance to sing and experiment with new sounds and new ideas in a space I was. I was

convinced I was there. I found it very moving to be in the space. And it did feel empowering (P2).”

Figure 13: Participants using VR Rehearse & Perform.

Sound. The three reverberation options provided were perceived as being very similar to an emptier

and fuller (with audience) auditorium, and musicians played around with them, with no specific

option being preferred “I enjoyed the fact that you could change the reverberation change the sound

of the venue (P3)”, I think it’s a really good one because you want to play around with it. [...] so being

able to do that it’s really useful (P5)”. For some musicians the sound quality was found satisfactory
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with the quality of the 3D reverberation being positively evaluated. For more experienced musicians

like P1, the sound quality was not to the standard it needed to be which interfered with their flow

“that [the sound quality] was interfering with the performance. So there was no flow. And it needed

it, that the audio side of it needs to be much more balanced and brought up to a technically much

higher specification (P1)”. Furthermore, for P2 the biggest reverberation option was not enough and

they suggested providing options for even bigger sound in order for musicians to fully be immersed

in the experience “When you can hear reverb in your performance, it makes you feel more immersed

in the sound you’re producing, it makes you feel less exposed. There’s a danger in a large concert hall

like that, that you do feel exposed, that you feel that you’re a small voice in a large space. Whereas,

if you add reverb to it, you feel like you’re part of the space. More immersed in it (P2).”

Participants who had performed previously in the real Amaryllis Fleming concert hall provided mixed

feedback – two tried to select the setting that was more similar to the original sound of the room “I

know that room as well. So I performed in there, and I know it’s not the lightest acoustic [...] I know

that it’s going to be a bigger room so I adjusted it (P5)”, while another participant found that the fact

that the acoustics is different is problematic and interfered with their feelings of immersion “That’s

the most important thing is that I was aware that it was a constructed reality, rather than another,

real reality. [...] The fact that I know the hall that we’re in, the audio side of it was somewhat lacking

in terms of what I am used to (P1).” This showcases that the acoustic expectations of musicians might

vary depending on various factors, such as their experience of playing in similar spaces.

User interface and interaction. In terms of the user interface, hand-tracking was considered an

acceptable interaction method when it came to using VR as a rehearsing tool because it enabled

musicians to keep their hands free to play their instruments “if you’re playing an instrument in there,

of course in your hands you can stop for a second, lift up the hands, do stuff and then kind of go

back to playing again (P6) .” It also allowed them to switch easily between playing their instrument

and interacting with the virtual environment. The VR prototype would have had very limited use if it

was only usable with physical controllers.

Visuals. Although in this round of evaluations, most feedback focused on the sound, the visual

cues provided by the virtual environment were also considered important. For P2 the lighting was

an important aspect of the experience, and the lights-off version was not satisfactory enough to

get them in the correct mindset: “ One thing that’s worth thinking about is dark, light and dark.
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Whenever I record a song, and I know a lot of singers are the same, you want it to be often pitch

black. [...] all I’m suggesting there is you might give environments which are darker rather than so

lit. That might bring more out in the performers in a way you might not expect. Not necessarily

black because it’ll be pointless, but like to have a sense of dimmer lighting could be productive (P2).”

Moreover, musicians commented on the level of realism, asking for more life-like environments “I

mean I liked it, and we talked about neuro-linguistic programming, where you envisage the space

you’re in. That’s just that’s what this is doing. And this is just taking it to another level, and I think it

is a technique that a lot of singers use envisaging, and so it’s helping with that. But if you can make

it more realistic, it would be even better (P6).”

Additionally, music-makers who were familiar with the space identified some inaccuracies when com-

paring the virtual environment and the physical hall (e.g., comments were made about the lighting,

the absence of chairs and of the piano from the stage): “I’m not sure about the spotlights or what-

ever you call them but some stage lighting like that might probably help with the immersion (P8).” P8

further elaborated that the more lifelike the venue is, the more immersed they would feel which can

lead to easier getting into a performance mindset “more lifelike I would have wanted, with details

like the piano and stuff like that make a big difference. Just tricking yourself that you are in a perfor-

mance space usually makes you sing better because your subconscious says, “oh now it’s for real”.

It’s not just any regular practise. I like that because then you [take] the performance opportunity

more. So I think being as detailed as accurate as possible might help with that as well to keep up

the illusion - or whatever you want to call it (P8).”

VR for creative musical practice. All music-makers reported enthusiasm about having the possibil-

ity to perform in spaces that recreate, both visually and acoustically, famous venues. “I could never

play in, say the Royal Albert Hall. So it’d be great to play in the Royal Albert and see how it is (P3).”,

“You could probably go for venues such as the Albert Hall, Red Rocks in America, the Hollywood bow,

you know, those kind of places like Carnegie Hall in New York. So the kind of the venues that are

well known for having good ambience, or good sound (P5).” Additionally, musicians reinforced their

interest in being transported to other realities where they could interact with other types of sonic

worlds (e.g., forest, cave) and improvise with environmental sounds: “So background audio tracks

to suggest that space. So you might want to write a song, that’s inspired by a beautiful pool within

a forest. And so as you’re seeing and writing that song, you might hear the rush of water or the

falling water, or the noise of the forest, etc, just simply to inspire you to write that song. Or rehearse
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that song. That’d be quite interesting (P2).” At the same time, they emphasised that making music is

often a collaborative process; therefore, having the possibility to play with others in these immersive

worlds would have a significant impact on their practice.

3.7 Closing thoughts

In this chapter, I have outlined the design, implementation, and initial evaluation of VR Rehearse

& Perform, using VR as a tool to study the design of immersive environments for musicians’ cre-

ative practices. This part of my work provided a valuable opportunity to explore how digital tools

might address challenges faced by musicians, such as limited access to suitable rehearsal spaces

and the need for environments that inspire creativity and emotional regulation. Crucially, this work

offered insights into the potential of immersive settings, not just as technological innovations but

as meaningful spaces that support users’ creative processes.

Focusing on VR from the outset allowed for an in-depth exploration of its unique affordances, in-

cluding spatial audio and customisable environments, and how these might respond to musicians’

needs. However, this decision also introduced constraints. Framing the project around VR’s capa-

bilities shaped the work according to the technology’s limitations, including hardware requirements

and challenges in maintaining intuitive interactions. While this focus yielded valuable insights, it also

highlighted gaps, prompting reflection on how well the technology aligns with the varied workflows

of musicians. Looking back, I also realise that my understanding of human-centred design within the

context of HCI was still developing at the time. While the iterative process and user engagement in

shaping the prototype were important, if I were to redo it, I would probably have done things differ-

ently. For example, I would have included one (or many) additional middle steps between identifying

design requirements and building the prototype. These step could have involved further exploratory

methods, such as co-design activities, to ensure that the musicians’ needs were not subtly shaped

or constrained by the capabilities of VR itself and to allow for a bigger diversity of ideas to emerge.

However, I also recognise the value of creating and presenting a prototype like VR Rehearse & Perform

to the musicians. During the interviews, when I asked about VR’s potential, responses often reflected

participants’ perceptions of the technology rather than the possibilities it might offer. Without a tan-

gible prototype, it would have been challenging for musicians to imagine how immersive experiences

could be designed for their practices. Even those who had used VR before could not easily imagine
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how it would help them because they were so constraint on what it can not do – e.g., they would

not be able to see their instrument. Having a working system allowed them to engage directly with

the concept and provide feedback grounded in interaction rather than speculation, offering richer

insights into what worked, what did not, and why. Therefore, an important insight from this work is

the importance of balancing exploratory and practical approaches when designing immersive envi-

ronments. While the prototype subtly influenced the trajectory of the project, narrowing the scope

in ways that might have overlooked broader possibilities, putting it into musicians’ hands was in-

valuable. It demonstrated how tangible tools can spark dialogue and generate insights, even within

the confines of specific technological frameworks.

Moreover, throughout the process of iteration and refinement, the dynamic nature of interpreting

and implementing design requirements became increasingly evident. As the project evolved, so too

did my understanding of these requirements, shaped significantly by how musicians interacted with

the system. Reflecting on this, the importance of adopting an adaptable approach to development

becomes apparent, one that accommodates the shifting landscapes of technology and musician

needs. As I move into the next chapter, I build on the initial findings, refining the prototype based

on the feedback gathered and exploring how these refinements influence musicians’ experiences.

The system’s preliminary evaluation has laid a foundation for future development, pointing to areas

where further refinement and research are needed. I also shift my approach from evaluating the final

prototype to asking the musicians for the potential of technologies similar to the prototype to support

them, using it as some sort of ‘immersive provotype’ [66]. The aim is to deepen my understanding of

how immersive environments, facilitated through tools like VR, can support creative musical practices

while reflecting on how this process can inform the design of future systems.
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Chapter 4

Keep the VRhythm going.

A musician-centred study investigating

how Virtual Reality can support creative

musical practice

In this chapter, I present the evolution of the VR Rehearse & Perform prototype, exploring how it

grew and adapted in response to the preliminary evaluation carried out in Section 3.6. Following

the iterative refinement of the system, incorporating feedback from its initial testing phase, I refined

the prototype to better probe VR’s capabilities and implications for musicians. Here, the updated

version of the system was tested with a group of ten musicians, selected to provide a wide range

of perspectives. Through a combination of hands-on testing sessions and in-depth interviews, I

gathered valuable insights into VR’s role in shaping musical practice, creativity and performance

preparation. Analysing the feedback and experiences shared by the participating musicians, provided

me with a clearer picture of the potential benefits and existing limitations of using VR in music

practice. In this chapter I present these findings, discussing how VR could support musical creativity

and performance preparation as well as what these insights could reveal about designing immersive

experiences for creative musical practice. The platform itself is a medium through which I hope to

inspire new ways of thinking about technology design in the field of remote music performances.
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4.1 Re-thinking the implementation of the design requirements for musician-

centred VR

The insights gathered from the preliminary evaluation presented in the previous chapter allowed

me to revisit and refine different design features of the prototype to best meet the needs of music-

makers. Based on this, VR Rehearse & Perform was enhanced by the addition of several new features

(see Figure 14 for all the included features).

Figure 14: Features of VR Rehearse & Perform

For example, based on participants’ feedback, I increased the visual realism of the concert hall by

improving the lights setup and the design of the space (see Figure 15 for the evolution of the room

design). This was achieved by adding chairs in the amphitheater and a piano on the stage and

improving the modelling of the space. In addition, the option for darker lighting with spotlights

became available.

Figure 15: The progression of the 3D model of the concert hall
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Additionally, to fully fulfil DR2 and meet musicians’ requests for accurate acoustics as well as fuller

reverb, I added the RIR of the Amaryllis Fleming Hall as one of the reverberation options musicians

can choose from. Impulse responses from various locations in the auditorium were captured using

an ambisonic microphone (See Figure 16). For the prototype I used the RIR captured from the front of

the stage, the same location the performer is located when in the virtual environment. The addition

of the RIR of the concert hall as a reverberation option increased the latency of the audio. Therefore,

for the subsequent evaluations, the headset was used tethered to a laptop to minimise the latency.

Figure 16: Scanning of the Amaryllis Fleming Hall with an ambisonic microphone

Furthermore, given the interest expressed in the evaluation rounds to experiment and improvise

with different environmental audio cues, I expanded DR4, allowing users to customise not only the

reverberation of the virtual environments but also the addition of various audio triggers. Informed

by musical practice, as a result of the interviews we carried out in the previous stage, we added

a library of background audio (e.g., crowd noises, nature sounds, orchard sounds, ambient music)

that could be enabled in any of the performance spaces. I chose to have a common library of audio

effects for all the environments to observe whether musicians tend to experiment with sounds that

are not necessarily semantically congruent with the visual information they are presented within

the chosen setting. This approach was inspired by [125], who highlighted that one of the measures

of creativity is a certain flexibility to inconsistency, contradiction, and paradox. Therefore, I aimed

to understand musicians’ choice of sounds, their flexibility for experimentation and how this might

influence their musical practice by inducing desired emotional and behavioural effects [405].

To allow musicians access to spaces that could support different dimensions of their practice (DR5

and DR6), I added two more environments depicting a natural setting (a 360-degree video of an

orchard) and a magical flat (where musicians can change the time of the day and make imaginary

plants appear). The choice of environments was motivated by the insights from the interviews with

musicians expressing interest in natural environments and extraordinary spaces (See Figure 17).

84



Figure 17: Three spaces for different mindsets: A magical flat, an orchard, and a concert hall

To enable musicians to improvise with other artistic acts, I added a library of performances pre-

recorded in front of a green screen (e.g., musical and dance performances) – see Figure 18 for mu-

sicians being recorded and Figure 19 for how I went from the green screen recording to the per-

formances in the software. We added this option to respond to the calls for collaborative features

within the prototype. I understand that pre-recorded performances do not equal real-time collabo-

ration, but since we were investigating the potential of VR in this space, I felt that this addition would

communicate the idea.

Figure 18: Performers being captured in front of a green screen

Figure 19: From the green screen to VR Rehearse & Perform
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4.2 Musicians dive into VR (again!)

Testing protocol: Round 3. After the iterations in the software, we ran a new round of in-depth

evaluation. The sessions took place in person, in a research lab, and lasted around two hours. They

consisted of the following phases: a) a brief introduction about the project followed by musicians

signing consent forms; b) 5-10 minutes of semi-structured interviews on the musicians’ backgrounds

and their experience with technology and VR; c) engagement in musical practice without VR; d) a brief

introduction of the system and its functionalities, followed by experimentation and engagement in

musical practice with their chosen features (e.g., environments, environmental sounds, reverberation

levels, etc.) of VR Rehearse & Perform; e) semi-structured interviews on their experience and the

potential of using VR for their musical practice, carried out at the end of their experimentation (see

protocol in Appendix 2).

Participants. Ten musicians of various backgrounds (P1, P2, P12-P19; 8 males, 2 females; aged 21-

69 – Table 3) took part in the Round 3 evaluations. Musicians were recruited through our personal

and professional networks as well as through our collaboration with the RCM. All participants had

previous experience with VR which helped avoid the novelty effect that comes when using a headset

the first time, therefore helping us gather more in-depth insights about perceptions.

Table 3: Participant details for Round 3. ID, occupation, instrument played while in VR Rehearse & Perform, type of music
performed, evaluation round they participated in.

PID Occupation Instrument Type of music Eval.
round

P1 Professional flute player and music teacher Base flute Improvisation based on
the environment 1 + 3

P2 Multi-instrumentalist musician and music teacher Yukalele and
singing

Improvisation based on
the environment 1 + 3

P12 Professional classical pianist Piano Random notes 3

P13 Formerly professional bass player, classically trained on pi-
ano. Postgraduate performance science student Piano Known musical piece 3

P14 Multi-instrumentalist musician and music teacher Keyboard and
singing Own music 3

P15 Multi-instrumentalist professional musician and music
teacher

Resonator gui-
tar + singing Improvised 3

P16 Hobbyist, student musician Electric guitar Known musical piece 3

P17 Professional vocalist and postgraduate performance science
student Singing Improvisation based on

the environment 3

P18 Multi-instrumentalist musician and music teacher Acoustic guitar Known piece 3

P19 Professional composer, improviser and music lecturer Vibraphone Improvisation based on
the environment 3
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Hardware. I used the Oculus Quest 2 headset for this round of evaluations. To reduce the latency

introduced by the RIR of the hall (average 250 ms), I tethered the headset to a laptop and the in-

struments to an external audio interface connected to the laptop. These measures minimised the

latency induced by the authentic acoustics of the hall to an average of 40 ms. As audio renderers,

musicians were able to choose between using: i) the built-in speakers of the headset – these provide

good quality spatial audio, while allowing users to listen to the sound of their surroundings at the

same time, and ii) noise cancelling headphones, which provide better audio quality, louder, more

targeted sound and complete isolation from the surroundings.

Data and analysis. Prior to their participation in our study, all participants were given a participant

information sheet and signed consent and photography/video release forms, approved by the Ethics

committee at the University of Arts London, Creative Computing Institute, as well as the Ethics Board

at the Royal College of Music. These gave permission for the interviews to be audio recorded and

the software tests to be photographed, screen-captured, and video recorded. The audio recordings

of the interviews in Round 3 were transcribed. Transcripts from all rounds of evaluation were coded

and labelled, using a combination of deductive and inductive analysis [80, 458]. Initial codes were

assigned based on our guiding research questions regarding ‘presence’, ‘creativity’, ‘space’, ‘relation-

ship with the instrument’, and ‘performance mindset’. Subsequent codes were added based on the

frequency of sentiments shared by multiple participants. The observational data from the video

recordings complemented the interview data during the analysis. The following themes emerged as

salient for the broadest range of participants: Presence as an antecedent of flow, The sound of being

“here and there”, Relationship with the instrument, Facilitating creative musical practice.
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4.3 Evaluating VR’s role in supporting creative musical practice

“I wasn’t sure if I was inspired or intimidated, which was really cool. Because that could be a feeling

that a performer could tap into to further their practice or their creativity and come up with new

material (P17).”

4.3.1 Presence as an antecedent of flow

Presence and mes-mersion

We observed throughout our study that, when interacting with VR Rehearse & Perform, participants

were ready to suspend disbelief and perform: “I didn’t actually think I was in an orchard. If I was

actually in an orchard, the sky is grey, I’d be thinking, I hope it doesn’t rain. And that didn’t even

occur to me. [...] It’s like you kind of suspend your disbelief [...] and play along with the environment

(P19).” The sense of ‘being there’ – in the virtual environment – and the emotions associated with it

were amplified in settings associated with traditional spaces that musicians play in. For example, the

concert hall environment, while being a traditional performance venue, also inspired some of the

strongest emotional reactions, with participants experiencing a sense of awe and reverence, “when

I first got into it, and it was this big hall, it kind of made me feel better than I was (P16).” Another

participant commented “I would have happily hammered away the piano for hours, because it’s

quite a nice way to play in that concert hall (P13).” Participants paid particular attention to how they

sounded in the hall, “I was more immersed in hearing the acoustic in that space (P16)”, and some

participants also commented on their openness to being influenced by the realism of the virtual

environment: “Just tricking yourself that you are in a performance space usually makes you sing

better because then your subconscious, or your body says, ‘oh now it’s for real’ (P9).” The visual and

acoustic accuracy of the hall in particular appears to have had a transformational effect on the way

musicians perceived themselves, one participant describing “I felt like more of a musician, because

I was in the place, you know, with the instruments and all of that in that grand concert hall (P16).”

The transformational, almost magical power of the space was experienced by another participant

who referred to the concert hall as “sacred (P19)”, showing the intense meaning attributed to this

space. This relates to the concept of a sacred sphere, or special place where the significance and

meaning of certain social actions become amplified. According to [444], the function of a sacred
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sphere (related in its most obvious materialisation to spaces and location) is to connect the factual

world with an otherworld that can “take on multiple nonreligious qualities, which may play out in all

kinds of artistic narratives, film, music, literature, sculpture and so on.” Although fully independent

of the religious world, sacred artistic spaces (e.g., iconic buildings with outstanding visuals and

acoustics) might feel similar to religion itself, unleashing feelings difficult to articulate. We use mes-

mersion to describe the feelings of magnetic pull a musician experiences when making music in

accurate simulations of such “sacred” spaces. This suggests the power virtual iconic venues might

have not only on inducing the right creative mindset – cited as one of more important factors in

musical practice [85] – but also on unleashing musical performances that go beyond the everyday.

The orchard environment, for example, was perceived as less immersive than the concert hall (en-

dowed with ‘sacred’ significance) by most musicians: “The concert hall was much more immersive.

In the outdoors one, at first, before I started playing, I felt like I was outdoors. As soon as I started

playing, it took it away. Because I was, I think my brain had sort of figured out « oh okay this is just

a photo» (P14)”; “I felt more immersed in the virtual flat than I did in the orchard. I can’t explain why

that is. Maybe because in the orchard, there’s so many more other sensory experiences like heat and

breeze and the sound of the birds, whereas in a flat you’re used to not having all the other senses

(P2).” One explanation for this could be that the sense of presence is enhanced in more immersive,

computer generated settings that are: i) surrounding – the sensory signals (i.e., sound) approached

participants from any virtual direction; ii) matching – the participants’ proprioceptive feedback about

body movements matched the information rendered on the display [428]. This confirms and extends

recent findings reported by [523], who showed that computer-generated virtual content (i.e, nature)

performs better than 360-degree videos when it comes to the experienced feelings of presence. In

pursuit of presence, improved sensory realism and quality might exert a powerful effect, but it is

unclear how this ever-increasing fidelity might benefit musicians’ practice.

In the flow - Tapping into an abundant stream of inspirations

Musicians not only reported feeling being ‘there’, but this ‘there’ remained interesting through the

contribution of sound and the variety of virtual environments provided. Participants connected the

immersive spaces they were exposed to with an enhanced ability to improvise and perform: “I’m

aware that the environment that has been created within VR is an illusion. But it’s a very helpful

illusion. [...] I’m responding to the background stimulus of what it’s asking me to do. In other words,

there are tone centres, which give me guidance from where I can then move away from or back
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Figure 20: Musicians playing their instruments in VR Rehearse & Perform

to (P1).” Another participant commented on how much it supported visualisation techniques often

used by musicians to place themselves in a performance frame of mind: “you [have to] envisage

the space you’re in. That’s [...] what this is doing but this is just taking it to another level (P8).”

The connection between feeling ‘there’ and the fact that this ‘there’ specifically facilitates the act

of performing and improvisation correlates with several dimensions of flow described by [122] such

as: merging of ‘action-awareness’ or being fully absorbed in the moment; direct and immediate

feedback meaningful to the task; the ability to concentrate on the task; being an autotelic activity.

Some participants made observations concerning warping or losing sense of time and space: “I

would say even then I felt slightly more focused when I was in the VR, because obviously, it kind of,

you put on the headphones and kind of isolates the white noise, and you’re just there and you just

hear the instrument. And I felt like time definitely went more slowly (P16)”; “It just felt like I was in

a different time dimension inside the VR (P17).” Remarks pointing to the positive emotions emerging

from the evaluation sessions speak to the autotelic experience musicians felt while performing and

improvising as well as the merging of action-awareness.

Although most participants reported a strong sense of presence that inspired them to be more ex-

perimental while in VR Rehearse & Perform, they also mentioned moments of distraction “And I was

distracted by the wow factor, that’s for sure. But that would go obviously after you use it a bit. (P19).”
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However, we observed that the distractions described by participants did not seem to interrupt flow,

but rather seemed to redirect it. P19 continues: “But I was kind of... I was really trying to play and

hear how the software... you know, how the software responded within the spaces. So it was partly

about playing, it wasn’t exactly about me playing, you know, it’s like, how is it within this space? So

I don’t know if that’s being distracted or not, or just having your focus in a slightly different space

(P19).” ‘Having your focus in a slightly different place’ might also act as a brain boost, training impor-

tant aspects of musicians’ practice: “I tried so many different things. Nature landscape distracted at

first, very focused, after I started singing. Hall, again, distracted at first focused at points and then

distracted at other points, because I wanted to look around, which is actually what would happen in

a real performance, where there would be people in the seats and maybe somebody up in the bal-

cony, and there would be musicians on the stage. So it’s actually a really good exercise in a building

focus and maintaining like integrity of your focus (P17).” However, we note that for this sensation of

constructive distraction to work for musicians, the challenge and the skill level need to be balanced

(one of the key dimensions of flow). If this condition is not met (i.e, for pianists who could not play

without seeing the instrument), the distraction will result in frustration: “The trickiest thing is not

being able to see the keyboard. I don’t play frequently on the piano and also, I don’t read music,

I tend to look at the keyboard all the time. So for me, I think particularly that was difficult (P13).”

Whenever participants overcame this, they became fully self absorbed in the moment “But after a

little while, I think the reality of not seeing the guitar kind of set in, and then something clicked and

I was just more on autopilot, and I was just able to hit the notes a little bit better (P16).”

4.3.2 The sound of being “here and there”

In general, participants perceived the acoustic experience as being realistic “You play, you’re in the

room, you can hear the effect of the acoustics, which is mild, but it’s noticeable (P13).” Moreover,

P13, who was familiar with the Amaryllis Fleming Concert Hall, mentioned “I think the quality of the

reverb was high and it worked well. It was less artificial sounding, more natural sounding (P13).”

The latency resulting from the real-time microphone input, impacted the experience of musicians in

different ways. For example, P11 turned off the simulated sound “I did not like hearing myself with

a delay (P11)”, while P17 and P2 removed their headphones and listened to the audio coming from

the headset’s speakers “There was definitely a very noticeable latency when I had the headphones

on [...]. But once the headphones were off, it was completely fine. I think if there was latency it was

very minimal, to the point where I could just work with it. I could hear the reverb, which was really
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awesome (P17).” P9 noted that although they noticed some latency, it was something that they could

get used to “until I found the right balance of the feedback it was, it required a bit of playing around

and getting used to, but then once I found it, it was quite impressive actually (P9).” P16 and P19

mentioned they did not experience any latency while playing. Overall, we observed that some of the

participants utilised specific types of coping mechanisms to compensate for the audio perception

of latency such as changing focus, tempo or dynamic, or shifting their gestures and strike ahead of

the beat to align the delayed sound, which were observed also in a non-VR context by [176].

Interestingly, using the Quest’s native audio system created a unique sonic world, where the sound of

the physical space musicians were located in, blended with the sound of the virtual space they were

experiencing. P17 continued by explaining how they found value in this for their music-making “The

sound quality was pretty cool [...] I preferred not having the headphones because I could actually

hear my own voice as well, whilst hearing audio from the headset output. And I think it helps to train,

it adds an element of naturalness to it (P17).” In general, participants expressed different views about

the optimal sound output device for their VR music jam and there was no general consensus if head-

phones or the Quest Audio system was better in terms of quality and experience. P8 commented that

they preferred the Quest’s audio system as “... they just felt a bit more natural than the headphones.

I mean, especially for an opera singer. I just feel that you know, having earphones really like is really

[too much there] and it’s... you know, it shuts down everything. I just feel more comfortable with the

built-in speakers (P8).” On the contrary, P19 saw benefits in using the headphones because they “ [...]

cut that out (i.e., the sound of the physical room), it did make a big difference, actually. So I could

really hear the room (i.e., the virtual space). And I found that when I moved my head, I was hearing it

sort of slightly differently in the room as well (P19).” For P2, removing the headphones had an impact

on their immersion in spaces where the blended sonic world did not match their acoustic expecta-

tions of the space “I felt more immersed in the flat, when it was a more closed acoustic, similar to

the one in this room we are in. Whereas the hall didn’t really do that for me. Maybe because it wasn’t

quite loud enough (P2).”

4.3.3 Relationship with the instrument

While wearing the headset, participants could see their hands but were unable to see their instru-

ments (i.e., the instrument was not tracked and visible in VR - Figure 20). Accordingly, they relied on

auditory and haptic cues to play music. Musicians often have strong bonds with their instruments

and as [421] showed, feeling united with their instrument can lead to improved mental well-being,
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higher levels of confidence and reduced performance anxiety. It was hence important to explore

how the inability to see instruments in VR affected the musician-instrument relationship, how it

influenced the perception of embodiment in VR and, consequently how it affected musicians’ per-

formance.

Music-playing is a multisensory experience involving perceptual, cognitive and motor components.

One of the most prevalent forms of sensory information that accompanies audition when playing

music is touch [509]. For musicians whose regular playing relies more on auditory and haptic feed-

back, not seeing their instrument had no impact on how they felt towards it. For example, P1 noted

that once they found the flute’s mouthpiece, everything was fine “the VR didn’t affect the level of

what I do. It didn’t detract from the quality and the style and the delivery....” Musicians who played

string instruments took more time to adjust to not being able to see them “... playing in VR, it was

confusing at first, it took a little while for my brain to adjust to the situation (P16).” Nevertheless,

after getting accustomed to the lack of visual feedback from the instrument, they perceived this as a

positive aspect of VR, which enabled them to train new sensory skills and enhanced their connection

to their instrument “[I felt] probably more connected to it [the instrument] because I couldn’t see it.

And because it becomes a touch and feel and sound thing. I think it’s preferable. Actually having the

opportunity to almost play blindfolded is quite nice (P15).” Both P15 and P18 saw great potential in

this aspect of VR Rehearse & Perform in terms of improving their practice “I think I like not being able

to see [the instrument], relying completely on muscle memory is definitely something that I should

practice. [...] I feel [...] not being able to see the instrument is actually quite positive (P18).”

Even-though auditory feedback is crucial for all musicians, in the case of pianists, Banton [26] found

that when deprived of visual feedback (i.e., not seeing the piano) they tend to make more mistakes

than when deprived of auditory feedback (i.e., not hearing the piano). This was also evident in our

study, as musicians who play key-based instruments were the group that struggled the most to play

music and felt most disconnected from their instrument. P5, P12, P13 stated that they could not play

continuously at all. P12 commented on his experience “I didn’t know which keys to press to really

get out what I want [...] but I felt very limited to how freely I can move around the keyboard (P12).”

Surprisingly though, after getting used to not seeing their hands, P14 was able to perform an entire

song in VR. They attributed this to having a ‘perfect pitch’ (i.e., absolute pitch [21]): “I have what’s

called perfect pitch. So the reason I could play things a little bit easier because when you play a

note, I can hear the note. [...] I definitely was relying on that quite a lot when I couldn’t see the keys

(P14).”
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Percussion instruments are another type of instrument that one would expect visual feedback is

important when played. Before their session, P3 raised a concern about the fact that they would be

unable to see their drum “I think it’s good to see the drums. [...] Because we do play the sides, the

edge of the the actual drum skin right into the centre, it makes completely different sounds (P3).”

However, they changed their mind after using VR Rehearse & Perform and identified a technique to

overcome this. They found that if they touch the periphery of their drum when in VR, they could

adjust well to not being able to see the instrument “it wasn’t a problem once I got used to the

idea that I couldn’t see out of my peripheral vision (P3).” P19 embraced the idea as they already

had experience with playing in a blindfolded band. Due to the pandemic they had not performed

blindfolded for about a year “I kind of lost where the instrument was, and where the notes were [...]

If I was going to use this [VR] seriously, I put more time into re-learning my tactile relationship with

my instrument (P19)” . Nevertheless, when asked about their relationship with the instrument while

in VR they described it as “definitely experimental, it felt really playful. [...] I felt really connected

because it’s like, I know this instrument, and I know this thing so well. But spatially, I was having

problems (P19).” They suggested that a simple solution for this would be “a point of reference for

where the vibraphone is, actually that’s all it needs. It doesn’t need to be a visual vibraphone it could

just be where the edges are, or something like that. That would just make a massive difference.”

Several participants sang in VR - some in combination with their other instruments. P17, one of the

singers in our study, described their body as their instrument and explained how the strong feelings

of immersion they experienced affected their relationship with it. “I was so immersed in what my eyes

were seeing that, I as a trained vocalist, forgot about my body and every now and then I remembered:

wait no I have to like control my core to like, play my instrument.” This suggests that although their

feeling of being present in the environment (often referred to as Place Illusion [425]) was high, their

feelings of body-ownership were reduced; hence they momentarily lost agency of the rest of their

body. For vocalists, being aware of their body and breathing patterns is crucial not only in terms of

the singing output, but also in terms of protecting their voice [296]. This lack of embodiment in the

virtual environment “ [...] could contribute to bad habits about not being aware of your core support,

and your feet (P17).” The same participant also commented that this aspect “could be improved with

familiarity so that you don’t lose yourself completely.” or by “having [...] a visual cue that says, hey,

you have a body [...] you’ve got an entire, instrument below your neck that you need to be aware of.

So even if it’s like an avatar in a mirror [...] that could be very beneficial.” Additionally, the headset

presented another barrier to singing in some cases, due to its position on the face, which prevented

the expression of some specific notes. P17 elaborated on this “if you do something brighter, or
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clankier or something that requires your mouth to be like a bit wider [...] that would be hard because

the headset rests right on top of here. I noticed that as long as you’re taking the jargon away, as

long as you’re doing, like rounded, warm sounds, it’s completely fine.” In addition, P6, P8, and P9

who are opera singers, all commented on the weight of the headset and how it affected their singing

“the weight of the headset pulls down on the neck. And you really notice that as a singer because

alignment is very important to get right. You find yourself constantly having to [move] against it

(P6).” The weight and fit of the headset were a problem only for participants who sing.

4.3.4 Facilitating creative musical practice

Access to restricted spaces

The immersive visual environments as well as the dynamic acoustical properties of each correspond-

ing space were frequently associated with an enhanced ability to prepare material for public perfor-

mance. Participants described how VR Rehearse & Perform provided a meaningful sense of access

to otherwise restricted performance venues, allowing musicians a novel sense of freedom to son-

ically explore a venue before performance, and contributed to an easing of anxiety associated with

anticipation of performing in those spaces. As one participant described, “preparing for a concert,

one of the things you have to deal with is, is the psychology of performing” elaborating that concert

halls can be overwhelming but to prepare, “practising as much as you can in the space is what you

need to do (P19)” . Musicians, however, rarely get many opportunities to rehearse in the spaces they

are expected to perform in, and subsequently can struggle to feel adequately prepared for a perfor-

mance. Four participants described how the quality of the visual environments was enough with VR

Rehearse & Perform to evoke a feeling of really rehearsing in a concert hall, “It feels like what it used

to be, you know, a year and a half ago [before the national lockdown] (P15).” Another similarly de-

scribed how “the concert hall environment was stimulating a similar feeling to... performing in public

(P1).” These feelings were in turn associated with an enhanced ability to be creative in venues that

otherwise could feel intimidating and instead “use it like a playground (P17).” P13 described how the

VR rehearsal experience was superior to playing in dedicated rehearsal spaces that “are tiny, they’re

padded, they are acoustically dead (P13).” In addition to evoking qualities of a familiar performance

venue or experience through VR, participants described how VR Rehearse & Perform could allow ac-

cess to “sacred spaces within the world of music” that are “very hard to get access to (P19).” This idea

was validated by another participant who remarked after their experience that it was “probably the
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only way for me to play in that concert hall (P13).” Such sacred or rather iconic venues are not simply

remarkable for their social or cultural prestige, but often have been uniquely designed to resonate

in a particularly unique and pleasing way. Participants observed that the particular acoustics of each

virtual environment as well as the ability to manipulate the level of reverberation and addition of

ambient sound enhanced their experience.

Playing the room

The dynamic range of acoustic experience afforded by VR Rehearse & Perform was a frequently cited

positive characteristic of the experience, as one participant explained: “from a practising point of

view, it has massive benefits, because you are interacting even more with your ears than you are by

actually just looking at where the things are (P15).” The sound produced by a musician’s instrument is

a product not only of the particular resonating qualities of the instrument, but also of those sounds

mixing with the environment. Accordingly, the acoustic properties of a given space become a literal

extension of the instrument that the musician must take into account. As one of the vocalists in our

study explained,“the acoustics of the room can really change... how you project, how you shape your

vowels, how you phrase, what colour you use for your tone, and texture (P17).” Participants responded

differently to the various options for shaping the acoustics of the room and the ability to add and

remove additional sounds. For one vocalist, “I could hear the reverb, which was really awesome. I

could play around with it and go to like the max setting (P17)”, while the vocalist playing with a ukulele

preferred and “felt more immersed in the flat (P2).” Some enjoyed “... that you can have an audience

and turn them on or off (P14)”, while another felt “I don’t actually care about the people that are in

the audience (P15).” Not all of the participants explored the full range of additional sound options,

but one that did expressed “I really liked the kind of variety in the accompaniment I could have. There

was like the nature sounds, and there was the musicians that I improvised over the guitarist, and

then I improvised over a person dancing (P17).” The visual environment played a role in particular

for improvising musicians who described that the presence of virtual environments directly affected

what they paid attention to, “When I was playing on my own, I was responding to the the sound in the

room. When I’m playing with the background, I’m responding to the background stimulus of what it’s

asking you to do (P1).” Such observations support the potential of VR to not only address challenges

musicians experience when travel is restricted, but to enhance traditional training and introduce

new techniques for training the mind of the performer. In particular, our results indicate that the

majority of participants experienced a direct impact from the VR world on not only what they played,
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but how they played, and how it felt to play. Overall, while participants varied in opinion on which

particular room acoustics they preferred and how useful a given accompaniment might be, there was

general agreement that “if you’re going to perform ... and then you have this like a week before or

two weeks before, I think it could be quite useful, because then you already have an inkling of what

like(sic) sound carries (P17).” In addition to helping performers shape their sounds for performance

in a particular venue or setting some participants pointed out that VR Rehearse & Perform would be

a useful tool for overcoming some of the psychological challenges related to performance.

Mindset for performance

Besides the challenge of adapting to the acoustics of a given venue in a relatively short period of

time, we learned that even being in a music hall virtually can induce anxiety for many. Performance

venues can be intimidating to musicians for a variety of reasons. Strikingly, in our study we found

participants describing that in the concert hall, “I really felt a bit more kind of inhibited (P2)”, “It

was weird there... I think because I’m slightly apprehensive about going back to a big theatre (P19).”

Another described how unlike the other VR locations, in the hall they felt, “in the back of my head

is, (sic) is pulling it, you know, like you would be if you’re on stage (P16).” Similarly, the fourth

participant described, “When you’re playing in the [virtual] flat, it could be compared to, similarly to,

practising at home – in the hall, I’m focusing on an exterior and playing as though I’m playing to

an audience (P1).” These feelings were noteworthy in how they affected performance: “in the [hall],

some of my bugbears with classical music started to come into play... should I really be playing

like free improvisation?... I can’t do wacky crazy stuff (P19).” Feeling ‘weird’ and ‘inhibited’ in the hall,

rather than being perceived as an obstacle to rehearsing in VR, was described as a potential source of

empowerment. “So this is great, I can be here trying this out and (sic) getting confident again within

a bigger space (P2).” P17 described, “as a performer I struggle with opening my eyes and looking

at the people in front of me, but I could do that in VR.” They explained further “in terms of training,

spontaneity, and nervousness and kind of shyness, to an extent, I preferred being in VR, because it

just proved to me that technically, I’m competent, it’s just interpersonally, I’m a little nervous or a

little shy (P17).” P16 and P1 both described how in a performance anxiety context, VR “could be a

really useful experience, you know, in school (P16)” or “great aid for musicians, even actors, dancers,

and anybody that’s doing a mic, stand-up comedians, or even politicians or people having to deliver

conferences or speeches (P1).”
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Stimulating creativity

A key motivation for our study was to see how VR might address some of the challenges musicians

reported during periods of social isolation [85]. The need for this was reinforced by such obser-

vations from our own participants describing how they “do lose inspiration just being in the same

environment over and over and...you start to feel very sluggish (P17).” Therefore, we set out to inves-

tigate to what extent virtual worlds could inspire more enjoyment, and function as a ‘trigger’ to be

creative, as a direct ‘input and creative prompt’, and as a way to stimulate a ‘psychological safe space’.

Overall, musicians enjoyed the environmental variety provided, with one participant describing “the

variety between the landscapes was so striking, I really enjoyed just being able to travel from this

grassy natural world, into a constructed Hall into a little flat (P17).” The ability to feel present in the

environments was reported to have a direct effect on feelings of creativity: “Aesthetically, it puts me

in a more creative space (P19).” In general, participants shared similar observations that, “in terms

of how it makes you feel, it certainly puts you in the right kind of frame of mind (P13).”

Notably, participants had a wide range of different interpretations of how the different VR environ-

ments stimulated them creatively: “you’d find yourself playing different in different situations (P15)”

and they expressed desire to explore how different environments can inspire different types of music

playing “what would interest me in the different environments is that it could push you creatively,

you know put me in an Astrobot world, I’m going to play something different than what I would in an

auditorium, or what I would in a little sort of smoky bar setting. And it’s got loads of great potential

for experimentation (P15).” For others, the ability of VR to isolate the user from the outside world and

completely immerse them in new environments provided a safe space for experimentation “there

was like a minute where I was like I cycled through a bunch of different styles where I went from

like Eastern style singing into like scalped jazz, singing and then read mixing and then I just cycled

through a bunch of styles and that is something normally I would do inside my own bedroom or like

in the bathroom or a very isolated [space] (P17).”

Moreover, for P18, being in the virtual orchard inspired feeling linked to the music they were playing,

describing how they felt “enlightened... because it kind of goes into the piece of music(P18)”, reflecting

a sense of cohesion between the musician’s internalised ‘sonic world’ and the external one. Similar

feelings were observed from P19 while playing music in the flat “I was trying some other things out

with my voice so there was something that was happening that made me more creative. It made me

want to create more with the song because I was in a place where which I felt was imaginatively and
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creatively in line with the song itself (P2).” This connection between the music as a kind of existing

sonic world that became ‘enlightened’ by the orchard environment or ‘creatively in line’ with the

flat, supports Reybrouck’s explanation that creativity in the musician manifests as a “continuous

interaction with their environment in an attempt to keep any disturbances within critical limits.”

Traditionally, the environment of rehearsal rarely matches the internalised sonic world of the piece,

suggesting there is a cognitive load for the musician to ignore the ‘tiny, padded, acoustically dead’

practice environment they usually find themselves in: “we usually stay away from the practice booths

cause it’s so difficult to know what you’re doing when when it’s so completely dense, and you get

nothing back (P9).” Our results suggest that VR technologies have the potential to expose musicians

to environments that match the emotions their music induces, providing a meaningful way to reduce

the cognitive load, and in turn allow for more creative attention to be placed on musical expression

itself, therefore inspiring different kinds of creative practices.

4.4 Designing musician-centred VR experiences

The applications of VR are extensive and range across numerous domains of knowledge; however,

research has not looked until now at how VR might benefit music-makers and their creative prac-

tice. Specifically, while some research efforts have focused on VR musical instruments for extending

musical experiences (see [409] for a survey on this), the complex relationship musicians have with

rehearsal and performance spaces has been neglected. Music-makers are always playing a duet with

the space. Authentic sound reconstructions in VR could thus open up the possibility for musicians

to incorporate, in their creative practice, a variety of virtual rehearsal and concert spaces to enhance

their practice. To enable this and to find meaningful ways to support musicians, I took an iterative ap-

proach, where we involved music-makers in the process of formulating a set of design requirements

for immersive experiences dedicated to musical practice. Based on these requirements, I built VR

Rehearse & Perform, a system that allows music-makers to engage in their musical practice in three

customisable – both visually and acoustically – environments.

The visuals and the dynamic range of the acoustic experiences afforded by the system had a direct

impact not only on what musicians played, but also on how they played and how it felt to play (see

Table 6 for a summary of our findings). Many participants appreciated that the environmental variety

functioned as an inspiring creative prompt that triggered a creative mindset and contributed to an

easing of anxiety associated with the anticipation of performing in those spaces. From my partici-
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pants’ observations, it appears that tools like VR have the potential to become a solution to some of

the challenges they face beyond the pandemic. They described that VR Rehearse & Perform allowed

them to place their creative attention on musical expression itself, supporting existing and inspiring

new forms of music-making. Most musicians observed the potential for more effective training from

home or from spaces that do not meet their acoustic needs. Inspired by their experience with VR

Rehearse & Perform, two participants have since bought a VR headset and integrated it in their mu-

sical practice. In the following sections, I discuss some insights we gathered from our observations,

which can inspire future research and design of musician-centred VR experiences.

4.4.1 Creative distractions

The variety of virtual environments and the contribution of sound allowed our participants not only

to feel ‘there’, but also to transform this ‘there’ into something interesting, which enhanced their

musical practice. Most of our participants’ behaviour and observations suggest that they achieved a

state of flow while performing in VR Rehearse & Perform. Some reported experiencing distractions

during the interaction with the system, but these distractions seemed to have fuelled their subse-

quent experimentation. It is important to emphasise here that distractions should not necessarily be

seen as a barrier to facilitating flow, as long as they open up a new creative output rather than halt-

ing performance. “Having your focus in a slightly different space” may stimulate broader associative

thinking and creativity in music as shown in research on the benefits of multitasking. This suggests

that focused attention may in fact be detrimental for a creative performance and phenomena that

involve concurrent thoughts or emotions, such as mind wandering and interruptions, might improve

the performance on creative tasks [245, 246, 284]. Dreyfus and Dreyfus [141] actually emphasised the

role that intuition plays in facilitating skilled performance. However, one must also keep in mind

that mindless inattention to detail can suppress full control – one of the core characteristics of flow.

It is also important to note here that despite the clear rationale for assuming a clear correlation

between flow and performance, results yielded by empirical research defy easy interpretation [351].

While a number of studies have found a positive relationship [98, 448] in the context of games, aca-

demic performance, or sports, others suggested that the relationship between performance and flow

is weak or even non-existent [130, 147]. Notably, Harris et al. [197] found in their systematic review

that “current evidence is unable to determine the exact nature of the flow-performance relationship”

despite identifying a “consistent medium-sized relationship between flow experience and task per-

formance” across 22 studies. These variations in results might be supported by the work of van der
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Linden et al. [476], who showed that different types of tasks can elicit different types of flow. Further

investigation is necessary to explore how flow relates to performance in musical practice. Our ob-

servations present an opportunity for further study into how to engineer creative distractions in the

context of audio-first immersive experiences, so that the resulting energy and increased cognitive

flexibility spill over into musical practice.

Table 4: Summary of findings from exposing musicians to VR Rehearse & Perform

Main theme Sub-theme Key findings

Presence as an
antecedent of
flow

Presence
and mes-
mersion

Virtual iconic venues enabled musicians to experience stronger feelings of mag-
netic pull than casual settings (i.e., the orchard, the flat). This induced the right
creative mindset and unleashed performances that go beyond the everyday.

In the flow
The connection between feeling ‘there’ and the fact that this ‘there’ specifically
facilitated the act of performing and improvisation correlates with several dimen-
sions of flow [122].

The sound of
being “here and
there”

n.a.

Music-makers found the acoustic experience realistic. The latency impacted the
experience of musicians in different ways and some participants utilised various
coping mechanisms to adjust to it. The unique sonic world created by Quest’s
native audio system was perceived valuable by some of the musicians, while others
preferred the more targeted sound the headphones provided.

Relationship
with the instru-
ment

n.a.

The absence of instruments from the VR simulation impacted musicians differently
depending on the instrument they were playing: 1) key-based instruments: signifi-
cant challenges; 2) string instruments: more time needed to adjust, but once this is
achieved, the practice is seen beneficial; 3) percussion instruments: experimental
relationship; 4) singers: lack of body awareness and problems with the fit of the
headset.

Facilitating
creative musical
practice

Access to
restricted
spaces

VR Rehearse & Perform provided a meaningful sense of access to otherwise re-
stricted performance venues, allowing musicians a novel sense of freedom to son-
ically explore a venue before performance.

Playing the
Room

Exposure to a variety of sonic worlds in VR helps performers shape their sounds
for performance in a particular venue or setting.

Mindset for
performance

VR Rehearse & Perform enabled musicians to enter the mindset for performance
and this was perceived as a potential source of empowerment.

Stimulating
creativity

The environmental variety was positively associated by musicians with feelings of
creativity. VR provided a meaningful way to reduce the cognitive load, and in turn
allow for more creative attention to be placed on musical expression itself.

4.4.2 Music anywhere and everywhere

Musicians rarely get opportunities to rehearse in the spaces they later perform in and subsequently

frequently struggle to feel adequately prepared for a performance. Additionally, every style and type

of music often evolves in a particular acoustic ambience; therefore, each composition sounds best in

the space with its intended acoustics [45]. With VR, any room can serve all the purposes and become

a space that not only triggers a creative mindset but enriches the musical practice in ways that until

now have not been possible.

Virtual and acoustic reconstructions of historical venues [243, 247] have been done in the past, but not

in the context of musical practice. The results of our study indicate that such reconstructions could
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be utilised for designing musician-centred VR experiences aimed at supporting musical training and

rehearsal. By providing access (both visually and acoustically) to simulated performing venues, VR

opens up the possibility for musicians to incorporate performance halls’ acoustics into their regu-

lar practice. Theoretically, this has always been possible by travelling to venues and playing music

in spaces with different acoustic characteristics. Practically, however, this is impossible as perfor-

mance venues are often inaccessible. Moreover, these spaces can be recreations of “sacred” venues,

enabling musicians to experiment with the “finest halls in existence” [45]. During our study, we ob-

served that the immersive concert hall environment – perceived as one of the “sacred” places to

perform in – had a magical, transformational power on musicians, mes-mersed them and empow-

ered them to explore new ideas.

Musician-centred VR experiences have the potential to benefit those who want to play in a virtual

venue before taking the stage for the first time; those who want to know how their voices would sound

in a particular space; and those who wish a virtual space to sing in or be inspired by. Furthermore, VR

has the potential to benefit new musicians who are unfamiliar with stage dynamics or those unable

to obtain enough practice time in a certain space. By having access to virtual replicas of locations,

musicians could rehearse there and get a sense of the room’s acoustics without being physically

present. This can impact their familiarity with the venues by providing them with a psychologically

safe space to practice in, which could help lessen emotions of musical performance anxiety when

on stage. The VR environment can therefore assist by preparing the musicians for the stage, with

the visual familiarity and sense of space imparted by the spatial audio reducing the sensations of

strangeness, trepidation, or unfamiliarity associated with walking out onto a new stage for the first

time, or after a long break (for example, due to the impact of COVID-19 on access to indoor spaces).

4.4.3 The quest for balancing accurate acoustics and lower latency

The average audio latency of VR Rehearse & Perform differed depending on the acoustic setting: i)

20 ms for the the approximate, plausible acoustics emulating the sound of auditoriums of different

sizes; ii) 40 ms for the accurate acoustics based on the RIR of the Amaryllis Fleming Concert Hall.

This audio delay is similar to the early reflections [461] that can be experienced by musicians in

large acoustic spaces such as churches, with the added long reverberation times [32]. Participants

in our study found the latency of the plausible acoustics mostly unnoticeable and manageable.

Opinions varied when it came to the perceived latency of the accurate acoustics settings: key-based

instruments players were most affected by it, experiencing significant challenges while performing
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due to the tactile feedback their instrument require; string, percussion and voice instruments music-

makers noticed the latency and used various coping mechanisms to deal with it – for example they:

i) took off the noise-cancelling headphones and listened to the blended acoustics of the physical

and virtual world which provided an illusion of reduced latency; ii) decreased the tempo of their

performance; iii) started to sing louder to drown out the delayed sound. We note that the audio delay

was unnoticeable for two participants who are used to playing music on online platforms and the

afferent latency of this. These mixed perceptions are in line with findings reported in [27, 176, 463],

where the amount of tolerable latency was shown to vary significantly for musicians.. The results

of Greeff [176] indicate that the capacity to tolerate performance hindrances such as unwanted

amounts of latency is not influenced by the formal training, but by the previous studio experience,

the approach to performance, and the ability to put emotion into the musical act.

There are various possible solutions to address these variations in the perceived latency threshold

for an optimal performance. One could consider replacing the accurate sound reproduction with its

plausible version for example using the method suggested in [422]. This alternative is supported by

VR studies that analysed the effect of visual cues on the plausibility of audio rendering and showed

a dominance of vision over acoustic cues [22]. However, Remaggi et al. [378] signal a gap in the

literature related to the thresholds for the evaluation of acoustics’ plausibility in VR reproductions.

It is therefore not clear how different sound reproductions are perceived in a multimodal medium

like VR where the presence of visual stimuli might mask the perceptual differences between real and

synthetic acoustic environments. Given the limitations introduced by the audio latency, it would be

important to explore how musicians perceive this latency under sound reproductions of different

levels of accuracy and the impact of each sound reproduction on their experience in VR. Another

possibility is to allow musicians to spend more time in VR Rehearse & Perform, therefore enabling

them to adjust to its latency. Detaching the aural part from Unity and implementing it in more

advanced audio programming environments (e.g., PD/Max/MSP, etc), can also reduce the latency

problem but in the same time, affect the portability of the solution. Finally, as technology continues

to advance, and more powerful processors are introduced in standalone headsets, the real-time

processing of authentic audio will come with less and less latency.

4.4.4 Virtual environments as creative triggers

VR can not only teleport users to familiar spaces but also to inaccessible physical spaces, as well

as new “magical” visual and sonic environments [427]. In our study I observed that the three dif-
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ferent spaces musicians were able to teleport in, induced different types of emotional responses.

In the concert hall participants reported feelings similar to those they have when performing. In

the orchard, participants felt ‘enlightened and relaxed’. In the flat, they felt more at home, more

comfortable therefore more experimental. These feelings influenced the types of music they chose

to play, or the way they performed. This unique aspect afforded by VR enabled music-makers to

access a variety of creative triggers, which enhanced their ability to infuse various emotions in their

performance, to compose and improvise.

Each of these spaces became a different instrument musicians enthusiastically started to experiment

with. Whether for performing known pieces or for prototyping new music inspired by the sounds of

the places they were immersed in, all musicians appreciated positively the immediate access to the

various sonic virtual worlds. Although, audio was initially deemed as more important than the visu-

als, once musicians started experimenting with the virtual environments in VR Rehearse & Perform,

they remarked that the visual cues allowed them to experience and enter different mindsets. Mu-

sic is multisensorial, therefore being ‘there’ had a significant appeal for music-makers because it

stimulated various sensory areas. In choosing the audio elements to accompany the various en-

vironments, we observed that our participants chose congruent effects, that semantically matched

the settings (i.e., the sound of the birds in the orchard; the noise of the crowd in the venue). An

interesting direction for future research would be to explore if there are occasions where a break

in semantically matching sounds and environments (for instance by providing visuals that adapt to

sound based on crossmodal correspondences [441]) can provide new types of creative pathways.

4.4.5 Designing with the instrument in mind

Existing studies in musical VR experiences are mostly focused on the interactions which take place

within the virtual world [14, 409], or passive experiences where the user sits backs and listens [416].

However, when designing VR for musicians, there is a need to consider how they interact both with

the physical space their body is in and the virtual space their ‘mind’ is in. Th3 interaction is evident

in their relationship with the instrument, which is located in the physical space while they are in the

virtual environment.

For musicians, their instrument is often an extension of their creativity, and feeling connected to it

might directly promote enjoyment, engagement, and motivation when playing [421]. While conducting

our study, we anticipated that one of the barriers musicians would face is the inability to see their

104



instruments in VR. This was indeed the case for key-based musicians who were able to see their

hands but not their instruments’ keys, as well as some of the singers who felt a disconnection with

the rest of their body and consequently a lack of embodiment within VR.

Surprisingly, for string-based and percussion musicians, although frustrating at first, this lack of

visual cues appeared to also open up new ways of bonding with their instruments. However, the role

visualisations play in relation to professional musicians remains unclear. Participants in our study

reported that not seeing their instrument enabled them to explore using other senses, such as touch

or hearing, enhancing their connection and instrument awareness – after all, it is well known that

professional musicians often do not look at their instrument while playing [10]. One could argue that

this could also be achieved by playing blindfolded or by having the lights off. However, VR provides

the unique possibility of still engaging with the visual senses, enabling the musician to focus more on

the environment and the sound they are producing rather than the accuracy of their hand placement.

Nevertheless, when designing musician-centred VR applications, developers should consider ways

of including musicians’ instruments as part of the experience. This would make such technologies

accessible to a broader range of musicians. Various methods could be used to achieve the incorpo-

ration of the instrument. For singers, visual access to a mirror or virtual avatar could reinforce body

ownership and presence, which has been shown to support embodiment in therapeutic settings

[429]. When it comes to incorporating physical instruments, one increasingly viable option is the use

of MR headsets (or MR functionalities on existing VR headsets), which allow users to see and interact

with their physical environment while immersed in digital content. Devices such as the Meta Quest

and Apple Vision Pro offer different approaches to this22. For instance, the Meta Quest’s Passthrough

API23 enables a video feed of the user’s surroundings to be layered with virtual elements. This allows

musicians to see their real instruments while still engaging with a virtual stage or visualisation, mak-

ing it easier to retain physical awareness and embodiment. Similarly, Apple’s Vision Pro24 is designed

from the ground up for spatial computing, offering high-resolution passthrough and the ability to

anchor digital content within the user’s real environment, which could support more seamless in-

teractions between physical instruments and virtual effects or settings. Incorporating MR in this way

would allow musicians to benefit from the atmospheric and sensory richness of VR without compro-

mising their ability to play. For example, a keyboardist could see both their hands and the keys while

surrounded by immersive visuals, or a drummer could maintain spatial awareness of their kit while
22At the time of running the study such functionalities were not available.
23https://developers.meta.com/horizon/documentation/unity/unity-passthrough/
24https://www.apple.com/apple-vision-pro/
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engaging with reactive, music-driven environments. As MR technology becomes accessible, future

musician-centred applications could leverage these affordances to bridge the gap between physical

and virtual performance spaces, enabling more intuitive and inclusive experiences.

4.5 Learnings and implications for design

Looking back on the entire process encompassing the activities for gathering user insights, the design

requirements, the development of the VR Rehearse & Perform prototype and its evaluation, here I

briefly present several design implications which arose from what I learned, laid out to provide

actionable guidance for similar future design endeavours.

To design systems that cater to user needs, designers could:

Facilitate tangible experiences early. The immersive prototype served as an effective tool for engag-

ing musicians in meaningful discussions about VR’s possibilities in their practice. This emphasises

the importance of providing users with tangible experiences of new technologies early on in the

design process. Such experiences allow users to articulate more detailed feedback and envision

practical applications [221], ultimately enriching the design process with their perspectives.

Iterate designs informed by diverse testing environments. The project’s methodology, which com-

bined a controlled lab setting with in-the-wild testing (although introduced due to COVID-19), em-

phasised the value of iterative design informed by feedback from diverse testing environments. I

encourage designers to employ a mix of testing scenarios to gather different types of insights, ac-

counting for the variability in user contexts and environmental factors.

Cater for a spectrum of experiences. Users bring diverse skills and backgrounds, as seen in mu-

sicians with varying expertise and instruments. Flexible design is crucial – offering customisable

features like adjustable acoustics and lighting enables systems to accommodate a wide range of

needs and skill levels. However, it is important to note that musicians often thrive on complexity;

the challenge of mastering an instrument or tool is part of the creative process [217]. Simplified

interfaces can support beginners, but designers should also embrace complexity, where it inspires

creativity and innovation. Striking this balance can lead to systems that empower both exploration

and mastery, promoting deeper engagement and technology adoption.

Balance immersion with realism. The mixed feedback I received regarding the realism of the virtual
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environments signals a fine line between meeting users’ expectations for realism and going into

’uncanny valley’ territory [350]. Designers should aim to achieve a harmonious balance, capitalising

on the immersive potential of technologies like VR while ensuring that the virtual representations

are sufficiently realistic (or believable) to lead to stronger feelings of immersion and presence.

Encourage collaborative and creative exploration. The interest expressed by musicians in using

VR for collaborative practices and exploring new sonic worlds suggests the potential of immersive

experiences to support collaborative creativity. Designers could explore features that enable shared

experiences, collaboration, and creative exploration beyond traditional boundaries, tapping into the

collective imagination of musicians.

Encourage serendipitous discoveries. The exploration of new sonic worlds and the desire for en-

vironments that inspire creativity highlight the value of designing for serendipitous discoveries. By

incorporating elements that encourage users to experiment and explore — such as hidden features,

randomised acoustic effects, or visually dynamic environments — designers could stimulate curiosity

and cultivate an environment ripe that could encourage creative breakthroughs.

Facilitate reflective practice. The use of VR environments for rehearsal and performance preparation

suggests the opportunity to facilitate reflective practice. Designers could integrate features that allow

users to record, review, and reflect on their performances within the virtual space, providing tools

for self-assessment, feedback, and growth. This could extend to incorporating AI-driven analytics or

feedback mechanisms that offer constructive insights into the user’s practice sessions.

4.6 Reflections on designing VR for creative musical practice

When I first set out to explore immersive musical experiences, my goal was to ensure that the concept

of immersion was not dictated by technology. To me, immersion was always about human experience:

the feeling of being fully absorbed in an activity, the way a moment can pull you in completely, and

how environments, whether physical or virtual, can shape creative possibilities. Yet, despite this

intention, I found myself deep in the specifics of a particular technology; VR headsets, virtual halls,

and programmed environments. Instead of stepping back to think more broadly about the human

elements, much of my focus became tied to designing and fine-tuning a system.

Looking back, I see how this tension shaped the process. My original aim was to focus on the emo-
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tional, personal dimensions of immersion, but the work of building VR Rehearse & Perform drew

me into the technical details: refining acoustics, addressing latency, and polishing interactions. It

became easy to lose sight of the fact that immersion isn’t about the technology itself. It is about how

people inhabit and interact with these spaces, bringing their own histories, cultures, and creativity

into the mix. Much like interpreting a musical score, musicians brought their unique sensibilities to

the virtual environments. Designing for immersion should have been less about achieving technical

perfection and more about creating a dialogue between the space and the performer.

What stood out to me was how the differences between virtual and conventional rehearsal spaces

could spark new insights. A virtual ‘sacred’ hall might amplify a performer’s sense of purpose, while

an unexpected acoustic mismatch could encourage experimentation. These moments did not de-

pend on flawless technology. They came from the way the environments interrupted routine habits

and inspired curiosity. This experience reshaped my understanding of what it means to design im-

mersive spaces. It is not just about solving technical challenges but about anticipating and inter-

preting what musicians might need to experiment, grow, or feel inspired. The technology became a

prompt, not a prescription. The real success of an ‘immersive’ tool is not in its technical sophistica-

tion – it is in its We do know this, but sometimes, as designers, we forget it.

The process also showed me how difficult it can be to maintain a human-centred focus when working

with complex technologies. Although I set out to prioritise musicians’ needs, my early decision to

frame the project around VR subtly shaped the outcomes. Musicians engaged with a system already

limited by VR’s constraints, which affected their ability to imagine ideal immersive experiences out-

side of those boundaries. Their feedback often centred on the system’s existing features rather than

their broader creative needs. In hindsight, I see how speculative design or co-creation workshops

earlier in the process could have allowed for a more open exploration. These methods might have

given musicians space to imagine beyond the prototype, resulting in insights that were not tied to

what VR could or could not do. Instead, the early introduction of a prototype meant much of the

process felt reactive, asking musicians to respond to something already defined rather than help-

ing shape the framework from the start. Another tension came in focusing primarily on individual

musicians. While solo practice was central to the system’s design, participants often talked about

the importance of collaboration and community in their creative processes. This was not a focus of

the system, partly because of practical constraints, but it reflects how design decisions can simplify

complex realities. A more human-centred approach might have engaged directly with these social

dynamics, even if it introduced additional challenges.
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I now see human-centred design as a process of continual adjustment, shaped by the realities of

the people involved. It is also about recognising how my own decisions as a designer influence

the possibilities. Immersion is not a fixed quality of a system; it’s created through the interactions

and interpretations of the people using it. Recognising this shifts the emphasis from trying to control

every aspect of the design to enabling conditions where meaningful engagements can happen. I hope

that others designing in this space also start considering not just what the environment does (and

how we make that environment or technology or whatever we are making), but how it encourages

musicians to take risks, find confidence, and discover new expressive paths in an ever-evolving digital

world. Moving forward, I have come to see immersive environments as evolving prompts rather than

fixed solutions, challenging routines and encourage creativity, but the process of designing them

is not about offering definitive answers. It is about creating opportunities for experimentation and

growth, and that requires an ongoing commitment to listening, reflecting, and adapting.

4.7 Limitations

According to the findings of this work, musician-centred immersive experiences are a promising

medium for supporting music-makers’ practice, complementing traditional techniques. Yet, I also

encountered seemingly-inevitable challenges.

Focus on VR as a medium. My work centres on the affordances and constraints of VR as a tool for

creating immersive environments. While this provided valuable insights, it also limited exploration

of other potentially complementary or alternative technologies. A broader investigation into dif-

ferent modalities or hybrid approaches could have uncovered additional pathways for supporting

musicians’ creative practices.

Limited range of participants. While the participants came from diverse musical backgrounds, the

sample size was relatively small and skewed toward professional and experienced musicians, based

in the Kent Area of UK or from London. This focus might overlook the needs and perspectives of less

experienced musicians or those from different cultural or creative contexts, who may have differing

relationships with technology and musical practice. A larger sample would have enabled a more ro-

bust evaluation of the software using standardised instruments such as the Flow State Scale or the

Presence questionnaire. I initially aimed for this, but early trials showed that standardised question-

naires offered limited insight into the situated, affective aspects I was exploring. Since the aim was
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to inspire design rather than evaluate the software itself, a smaller, exploratory approach was more

appropriate; a strategy consistent with other research in design-led HCI. Future work could broaden

the participant base and combine qualitative and quantitative methods to better understand how

diverse users experience remote music-making and how design strategies might need to vary.

Technological constraints. The prototype relied heavily on the capabilities and limitations of VR,

such as the latency introduced by real-time audio processing and the inability to fully integrate

physical instruments into the virtual environment. While these constraints were acknowledged and

partially addressed (e.g., by tethering the headset or offering alternative audio setups), they inevitably

shaped the user experience and may have impacted the insights gathered during evaluations.

Focus on individual practice. The design and evaluation of the prototype centred predominantly on

solo musical practice. While this focus aligned with the project’s aims, it overlooked opportunities

to explore collaborative or ensemble-based practices, which are also central to many musicians’

creative workflows. Expanding the scope to include social and collaborative features could provide

richer insights into the broader potential of immersive technologies.

Pandemic context. The evaluations were conducted under national lockdown conditions, which in-

troduced variables that may affect the generalisability of the findings. The unique circumstances of

the pandemic may have influenced participants’ experiences with the system, including their recep-

tivity to virtual rehearsal spaces and their interaction with the technology.

4.8 Conclusion

The past two chapters have explored how VR can support musicians in their creative musical practices

by focusing on the design, development, and iterative evaluation of VR Rehearse & Perform. Guided

by insights from musicians and performance experts, this work highlights both the potential and

the limitations of VR as a tool for rehearsing, performance preparation, improvisation, and composi-

tion. The findings suggest that VR can also indirectly aid in managing performance anxiety, offering

musicians immersive spaces that inspire creativity and experimentation. While these outcomes are

promising, the chapter has also been an opportunity for reflection on the human-centred-ness of my

approach. The work in these chapters contributes to broader discussions on designing for creative

fields like the performing arts and theatrical experiences, offering insights into the complexities and

nuances of balancing human needs with technological possibilities.
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Part III

Audiences
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The changes COVID-19 brought impacted not only musicians, but also audiences, who turned more

than ever to digital platforms, making virtual concerts and live streams a central part of their music

experiences. Remote music events – spanning livestreams, interactive sessions, and VR concerts –

surfaced as vital lifelines during this period [450], initially adopted out of necessity rather than a

planned move directed from the music industry. These events offered a way for fans to connect with

their favourite musicians during isolation, showcasing the music community’s resilience and creativ-

ity [85, 450]. Today, remote music performances break geographical barriers, enabling diverse global

audiences to experience music together in new, often unexpected ways. They have also reshaped

performer-audience dynamics, promoting a sense of community and shared experience [156, 347, 443]

while hinting at a more sustainable model for music events [83].

With digital platforms now an established and popular avenue for reaching remote audiences, it is

important to recognise that the landscape of remote music performances is incredibly diverse and

different platforms come with different benefits and drawbacks. For instance, Twitch facilitates in-

teractive, monetisable experiences, with music content growing by 359% during the first year of the

pandemic [232, 481], while Instagram Live offers intimate, versatile streaming. VR-based platforms

like VRChat immerse users in 3D environments, enabling social interaction and dance-like partici-

pation [348, 430]. Concurrently, new platforms (e.g., Veeps25, StageIt26) also appeared in this space.

However, post-pandemic, some platforms have already disappeared, while others struggle to attract

a significant audience. These challenges could be attributed to a lack of understanding of the unique

preferences and needs of remote concertgoers, which complicates the creation of a satisfying expe-

rience. As such, the continued success of both established and emerging platforms depends on a

deeper understanding of user demands across the online space. This knowledge will be key to ensur-

ing that remote performance solutions evolve beyond short-lived trends, establishing a foundation

for effectively meeting the needs of those who experience them.

Existing research in the space, while valuable, is limited. Traditional concert experiences have been

studied from diverse perspectives, with the HCI community focusing on topics such as in-person

technology-mediated audience participation [209, 516]. In contrast, the domain of remote music

events for audiences is still largely unexplored, with few studies looking at identifying and charac-

terising design challenges within this space. While recent scholarly efforts have begun to address

this gap, their scope has generally been narrow. Whether exploring audience interactions on specific

platforms such as Twitch [232, 481] and Facebook [483], studying individual events [177, 380], or eval-
25https://veeps.com
26https://www.stageit.com
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uating particular technological systems [520], existing research tends to be somehow fragmented. It

often overlooks the complex interplay between platforms, cross-platform trends, and evolving user

behaviours that define the broader ecosystem of remote music performances. Moreover, current

studies fail to recognise the unique affordances of the digital space as a medium for experienc-

ing live music, treating it more as a digital extension of in-person events rather than exploring its

potential as a distinct form of musical experience.

The work I present in the following two chapters represents a step towards bridging these gaps by:

(i) exploring and analysing audiences’ needs, behaviour, and expectations via surveys, interviews,

observations, and a design workshop, and (ii) providing design recommendations based on these

insights. With this, my goal is to enrich existing research by exploring the diverse landscape of

remote music performances from the perspective of audiences across various platforms.

The following research questions guide my work:

• RQ-III-1: How do audiences experience and make meaning of remote music performances

across different platforms, and what personal, social, and emotional needs drive their en-

gagement?

• RQIII-2: How does technology influence the audience experience in remote music perfor-

mances?

• RQIII-3: What challenges and opportunities do audiences encounter when participating in re-

mote music performances, and how we use these to inform the design of more enriching ex-

periences?

• RQIII-4: How might we design immersive music experiences to encourage emotional connec-

tion, creativity, and a sense of presence for audiences and performers?

To answer these research questions, I structured my work into two phases: Phase 1 presented in

Chapter 5 and Phase 2 presented in Chapter 6. Phase 1 is focused on answering RQIII-1 and RQIII-2

by collecting and analysing qualitative data from 92 remote music attendees and observing 11 re-

mote concerts. This phase aims to uncover how audiences engage with remote music performances,

identify their unmet needs, and examine the role technology plays in shaping their experiences.

Phase 2 builds on the findings of Phase 1 to answer RQ-III-3 and RQIII-4. Here, I synthesise the result

themes from Chapter 5 into dimensions important to audiences attending remote music events, fur-

ther categorised into 17 recurrent design elements, each providing inspirational value for designing
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remote music experiences (RQIII-3), going beyond improving existing platforms. I then expand on

this through the results of an in-person participatory workshop with diverse stakeholders. The goal

of the workshop phase was to explore how diverse stakeholders use the identified dimensions and

elements to generate speculative design solutions for online music performances. After the ideation

process, I carefully reviewed these solutions to assess their alignment with the identified elements

and their potential benefits and challenges. The evaluation helped me identify any perspectives

the initial analysis may have overlooked and allowed me to formulate key design insights that can

guide future development and refinement of online music performance technologies – see Figure 21

for a detailed breakdown of these phases. Through this exploration, my work aims to serve both as

a source of inspiration and a practical guide for designers and researchers in this space by assist-

ing them in making informed decisions about content creation, platform selection, and design of

engaging remote music experiences that resonate with the needs and aspirations of audiences.

Figure 21: A detailed break down of our project phases, data analysis, and interdependencies between steps

I led the work presented in these chapters, but its synthesis would not have been possible without the

support of many great people. First, my advisor, Alexandra Covaci, provided feedback and guidance

throughout. Max Scorer helped me clean the interview transcripts, code the data, and brainstorm

with me to develop the result themes. My sister, Elena Ppali, helped me edit this work for conference

publications. Luca Turchet and Alberto Boem, supported me in the first part of the study, introducing

me to the field of Networked Music Performances and invited me to the Internet of Sound conference.

The people from VOLTA XR gave me a first insight into the Twitch space, and let me be in their meetings

to learn more about it. Lastly, Eva Forest, Maria Llop, Mayank Loonker, Ethan Cheung supported the

event observations.
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Chapter 5

The virtual concert goer.

Audience perspectives on remote music

performances

In this chapter, I dive into understanding the audiences who use various digital platforms for access-

ing live music remotely. In doing so, I complement and enrich prior research in this area, which is

often focused on specific platforms or events, risking to overlook the broader needs and experiences

of users. Thus, my approach is panoramic, recognising that each platform has its unique character-

istics and technological affordances, which together shape the overall user experience of remote

audiences. To achieve this, I adopt a qualitative multi-method research approach, which includes:

(i) a detailed survey to capture a broad range of audience perspectives; (ii) in-depth interviews that

provide insights into individual experiences and motivations; and (iii) observations of remote music

events, allowing me to examine real-time engagement and behaviours in the context of live, vir-

tual performances. This combination of methods enabled me to deepen my understanding of how

audiences interact with and perceive remote music events across different platforms.
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5.1 Background

5.1.1 Audiences in the digital age

Traditionally, audiences have been understood as consumers of content across various forms of

media, including music, theatre, cinema, and games. However, digital technologies have significantly

reshaped this role, shifting audiences from passive spectators to active participants [230]. Schrøder

[406] defined audiences in the digital age as ”The people who, in their capacity of social actors, are

attending to, negotiating the meaning of, and sometimes participate in the multimodal processes

initiated or carried out by institutional media.” As this definition highlights, in a digital landscape

marked by interactivity and multimedia, the role of audiences has shifted from passive spectators

to active participants [230]. People are no longer only consuming content but are also shaping its

meaning and reach through real-time interaction, commentary, and sharing [92].

Live-streaming platforms like Twitch and YouTube have facilitated this transition by integrating chat

and content creation tools, allowing audiences to directly engage with creators and influence their

experience in ways that feel personal and communal [188, 234, 508]. By supporting both synchronous

and asynchronous engagement, these platforms remove geographic barriers and create a participa-

tory culture where creator - audience relationships moves from “one-to-many” communication to

“many-to-many” communication within the online space [82, 446].

The nature of this engagement varies across different content genres [507]. For example, on gaming

streams, commentary and shoutouts are often used to strengthen community [249, 515], as well as

options for collaborative gaming between streamers and viewers [446, 497], blurring the lines between

player and spectator[408]. Meditation live streams, by contrast, focus on fostering consistency and

community among practitioners, despite the weaker sense of social presence compared to in-person

sessions [277]. Similarly, study-with-me and ambient streams offer a steady, reassuring background

environment, where engagement is less about direct interaction and more about co-presence and

motivation [271]. Meanwhile, cultural and knowledge learning streams provide a platform for experts,

such as practitioners of intangible cultural heritage [289, 291] to engage with a large audience in

real-time, facilitating interactive learning and cultural preservation, which can be further enhanced

through collaborative archival documentation of the content [290]. Moreover, in some cases, creators

extend audience interaction through digital personas. For instance, VTubing, where streamers use

animated avatars to represent themselves, allows for an alternative form of presence [294] that
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maintains anonymity while allowing flexibility in how the streamers present themselves and perform

during the streams [494]. This format used mostly in gaming and entertainment streams, is attracting

a growing viewership in East Asia, opening up new opportunities for creative expression in the digital

space [269, 494].

One major outcome of such interactions is the intensification of parasocial relationships — one-

sided emotional bonds audiences form with creators [220]. While traditional media mainly facili-

tated unidirectional relationships, digital platforms enable a more mutual connection, where brief

live engagements nurture what Baym [35] called connected fans. Interactions through live chat, ac-

knowledgments, or personalised responses, create a sense of familiarity and connection that further

bridges the gap between creators and audiences. Studies show these bonds deepen engagement

and loyalty, amplifying the immediacy and intimacy of the streaming experience [33, 160, 261].

5.1.2 Music audiences 2.0 and 3.0

The rise of livestreaming platforms and the digitalisation of music consumption has significantly

reshaped live music experiences. Historically, digital platforms served as supplements to in-person

music events, but the COVID-19 pandemic transformed them into primary venues for artist-audience

interaction [413, 414, 443]. Platforms like YouTube, Instagram, and Twitch allowed artists such as

John Legend to connect with remote audiences from their homes, providing intimacy and access in

ways previously unimagined [251, 361]. Meanwhile, large-scale virtual concerts by artists like Travis

Scott on gaming platforms like Fortnite and Roblox drew millions of viewers, marking a new era

for live, virtual events [200]. Independent musicians also leveraged these platforms to host live,

interactive performances, cultivating close-knit community experiences [181]. The rapid adoption of

livestreaming suggests lasting shifts in artist-audience dynamics, emphasising the need for ongoing

research to understand the economic, social, and creative impacts of digital platforms for live music,

on the music industry.

Current studies in the area of remote participation in music concerts from the audience’s perspec-

tive looked into isolated platforms or analysed specific events with a focus on distinct dimensions

of the audience experience, such as solidarity and connectivity among the audience, the dynamics

of artist-audience interaction, or the phenomena of platform appropriation. For example, Vanden-

berg et al. [483] explored how livestreamed concerts on Facebook Live foster collective solidarity,

while Rendell [380] analysed “portal shows” through three case studies (online events on Instagram,
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Twitch, and StageIt), and argued that such shows can offer nuanced ways for artist-audience interac-

tions through spatial convergence afforded by video streaming and digital interfaces. Other scholars

offered an ethnographic perspective on a jazz concert held during the pandemic, emphasising the

spontaneity of the event and the unpredictable interactions between musicians and their real-time

audience [134]. A study by Benford et al. [40] presents an ethnographic account of how two traditional

folk clubs transitioned to online experiences using platforms like Zoom and Facebook. Based on their

observations, the authors suggest that there is potential value in expanding the ways audiences can

participate in online performances, and encourage a more varied and interactive approach. This

viewpoint is further reinforced by Vandenberg [481], who investigated music consumption on Twitch

and emphasised that digital platforms are best suited for enabling smaller-scale interactions. How-

ever, these studies largely lack a holistic, panoramic perspective that would allow us to understand

broader engagement dynamics across multiple types of digital spaces and music genres. As a result,

there is limited insight into how different platform affordances and audience expectations converge

to shape a cohesive remote music experience.

5.2 Capturing remote music audiences experiences

Building on the insights and the limitations of previous research, the central objective of this study

was to probe into existing audience experiences during participation in remote music events across

diverse digital platforms to discover opportunities for understanding audiences’ behaviour and en-

hancing their engagement, enjoyment, and interaction in remote music settings. I adopted a trifold

data collection approach to ensure a holistic view of the audience experience through:

1. a 26-question online survey to gather insights into audience demographics, preferences, and

attitudes toward remote music events;

2. semi-structured interviews to go deeper into the complexities of audience engagement through

personal narratives, which could not be fully explored through surveys alone;

3. observations of 11 remote music events, totalling approximately 18 hours, across various plat-

forms including Twitch, YouTube, Instagram, Social VR, and Video On Demand (VoD) to directly

witness audience behaviours and interactions in real-time.
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The sequence of the data collection allowed me to refine my understanding of the audience expe-

rience progressively. Starting with a broad foundation via the survey, I captured general audience

demographics and preferences, then the interviews added depth and detail, and the observations

provided real-world context and validation. I used the survey results to inform the structure and

focus of the semi-structured interviews, ensuring that the deeper explorations were grounded in the

preliminary data trends. Subsequently, insights from both the surveys and interviews guided the

observational study, allowing me to target specific behaviours and interaction patterns across plat-

forms. The findings were then integrated to begin mapping out a clearer picture of how audiences

currently engage with remote music performances (RQ-III-1) and the role of technology in shaping

these experiences (RQ-III-2). The qualitative multi-method approach validated the findings through

multiple lenses and enriched the understanding of explicit audience interactions and feedback. The

study was approved by the Central Research Ethics Advisory Group at the University of Kent. Below,

I detail the methods associated with each data source.

5.2.1 Data collection

Qualitative survey. I started my research with a survey to gain an overview of remote audiences’

general attitudes, preferences, and demographics27. The survey was created using Microsoft Forms

and consisted of 28 questions (structured and unstructured) that addressed a variety of aspects,

including platform usage, attendance frequency, viewing habits, overall experiences, preferences,

challenges, and a comparison with in-person concerts. Example questions included:

“How often do you attend music events from home / remotely?”;

“What type of remote/virtual/hybrid events do you attend?”; “What platforms do you use ?”;

“Please describe your most memorable (positive or not) at-home music performance experience.

What made it stand out?”;

“What aspects do you enjoy the least? For instance, what challenges, frustrations or limitations have

you encountered when attending music events from home / remotely?”

The survey was the initial step in my methodological progression, employed to establish a macro-

level understanding of audience characteristics and general trends across a range of platforms, al-

lowing me to capture a broad spectrum of perspectives, including those less active or visible during

music events. Through identifying key areas of interest from the responses, I was able to tailor the

focus of the interviews and subsequent observations.
27https://forms.office.com/e/fQKDkx5v5g
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Semi-structured interviews. Building upon the insights gained from the survey, I conducted inter-

views with 25 remote concert attendees, allowing me to go deeper into the individual experiences

and perceptions of remote music audiences, to clarify ambiguities, and to understand the audience’s

journey better (see protocol in Appendix 3). The data from the survey guided the selection of inter-

view participants and helped me identify key platforms and modes of interaction to explore in more

depth, such as the role of interactive features in enhancing audience engagement and the impact of

platform choice on the overall experience. It is worth pointing out that for the interviews, I did not

specifically focus on the most popular platforms, but on the types of platforms I thought were more

interesting to understand. For example, five of the interviews were with Social VR users because that

was a space I was interested in getting a clearer image of, since those who engage in such events

did so on a regular basis.

Interviews were conducted in person and online, depending on participant availability, and lasted

between one and two hours. They followed a semi-structured format that ensured consistency while

allowing participants to share unique insights. Participants were compensated with a £20 Amazon

Voucher for their time. All interviews were audio-recorded and transcribed using an online auto-

mated transcription tool. Subsequently, two student researchers cleaned the transcripts to ensure

accuracy. The data gathered from the interviews provided depth to my understanding of the audi-

ence’s emotional and behavioural responses during remote music events and added layers of mean-

ing to the initial survey findings. Furthermore, they guided the focus of the observations, highlighting

specific aspects of audience engagement to look out for.

Remote music performance observations The observations of remote music performances com-

plemented the findings from the survey and interviews. Through them, I was able to gain first-hand

experience and capture real-time audience behaviours in the natural setting of the remote music per-

formances. In addition, they provided me with contextual insights of how audiences experienced and

interacted within this setup. Observational data was particularly valuable in verifying self-reported

information from earlier phases and in uncovering behavioural patterns that may not have been

articulated by participants. I conducted the observations last to validate and complement the data

from surveys and interviews, while also identifying behaviours participants may not have mentioned.

I observed a selection of 11 live online music events hosted on platforms like Twitch, YouTube, Insta-

gram, Meta Horizon Worlds, and VoD (see Table 5). The events and platforms were selected to rep-
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Table 5: Summary of remote music events observed

ID Event Platform Music
Genre

Viewers Length
(mins)

Description

O1 J.Balvin
Futu-
rum

Meta
horizon
worlds

Rap /
Pop

<20 40 A 180-degree concert of a selection of the artist’s best hits. The platform
allowed audiences to view the concert in VR, use interactive drum kits and
fashion props.

O2 Hybrid
Drum
N Bass
set

YouTube
using
Volta

Drum N
Bass

<100 90 Hybrid event where remote audience influenced the background visuals
by inputting keywords into the chat. The streamed content was simultane-
ously displayed behind the artist at the in-person event. Remote viewers
were able to see the physical venue and the in-person audience. No in-
teraction between the artist and the remote audience (see Figure 26b).

O3 Electronic
music
compe-
tition

Twitch
using ex-
tensions

Electronic
Dance
Music
(EDM)

<100 180 The event was hybrid with in-person audience in the same physical lo-
cation as the presenters. Musicians were streaming and performing live
music from their respective countries. The broadcast incorporated inter-
active visuals and allowed for audience voting (see Figure 26a).

O4 Drum N
Bass DJ
set

Twitch
and VR-
Chat

Drum N
Bass

<200 60 A DJ set simultaneously streamed on Twitch and VRChat. The audience
dancing in VRChat was visible as the background of the Twitch Stream,
behind the DJ. Shout-outs to new and returning viewers, stream chat and
donations were all visible in the event screen (see Figure 25b).

O5 Hybrid
DJ set

Twitch
using
Volta

EDM <400 120 Hybrid outdoor event allowing remote audience to influence the back-
ground visuals by inputting keywords into the chat. The content streamed
on Twitch was simultaneously projected on the buildings behind the artist.
Remote viewers were able to see the physical space and the in-person au-
dience (see Figure 25a).

O6 Piano
set

Twitch Classical
/ covers

<1000 120 Artist playing piano from their bedroom, taking in song requests from the
audience, Mostly for game or movie soundtracks. The artist looks at chat
between songs and interacts with the audience verbally.

O7 Aerosmith Youtube Classic
Rock

<1000 60 Aerosmith Rockisums Maximus Tour old concert was streamed for the first
time, as an “one off” event. No possibility to re-watch after event finished.

O8 Foo
Fighters

Veeps Alternative
Rock

n.a. 90 The band’s pre-recorded performance was broadcast online and remained
accessible for 72 hours. It included behind-the-scenes clips and conver-
sations among band between tracks. A live chat feature allowed viewers
to comment in real-time (see Figure 27a).

O9 BTS
“Proof”

Youtube Pop aprox
1mil

30 Album release event during which the band performed songs from the
album in an outdoor setting. Between songs, artists would talk between
them and discuss the stories of the music. The event is still available
online to re-watch with the chat replay available too. (see Figure 27b)

O10 Eurovision
2023

VoD (BBC
iPlayer)

Pop 162mil 240 An international broadcast of the European music competition incorpo-
rated audience voting through an app. Online viewers actively engaged
with the event, using Eurovision-specific hashtags on platforms such as X
to share opinions and memes and follow the competition in real-time.

O11 Live at
Home

Instagram
Live

Acoustic >300K 60 Weekly sessions during which the artist would sing the ten most popu-
lar songs chosen by the audience that week. A live-chat allowed in-real
time commenting and the artist read and replied to comments in between
songs.

resent a diverse range of formats, audience sizes, technological interfaces, and interaction styles28.

I primarily focused on observing remote music performances on platforms mentioned by the par-

ticipants, ensuring that our observations were directly relevant to the experiences and preferences

expressed (i.e., YouTube, Instagram, Twitch, VoD)29. To broaden my understanding, I also included

two events on platforms that were not explicitly mentioned by participants (Meta horizon worlds

and Veeps). The observations were both passive (to understand the natural flow of events) and ac-
28Although four events electronic music events, each had a different type of configuration and interaction.
29Video conferencing platforms were frequently mentioned by our participants. Nevertheless, the event observations

happened after COVID-19, hence such platforms were no longer used for concerts, therefore we did not observe them.
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tive (to interact with the interface and other users to empathise with them). All events were observed

by myself, with one of the event being observed by three other researchers and three of the events

being observed by two other researchers.

Observation data was captured real-time, using post-its and screenshots on a collaborative Miro

board30 (see Figure 22), focusing on elements such as audience participation, technological affor-

dances, and the dynamics between performers and viewers. The integration of observational find-

ings with the insights from the survey and interviews, allowed me to construct a multidimensional

understanding of the remote music performance audience experience, ensuring that the conclusions

were grounded in a blend of reported experiences and observable behaviours.

Figure 22: Example of how observations were captured on Miro

5.2.2 Participants

Survey participants and interview participants were two distinct groups, with no overlaps between

groups. To recruit participants who attend remote music events we shared links to a sign-up form –

where potential participants would indicate if they were interested in an interview or fill in a survey

– with our personal and professional networks via personal correspondence, emails, social media,

distributed 40 postcards to students in an international university and reached out to relevant groups

who could help us spread the word on their social media pages. All participants were informed of

the study’s purpose and provided informed consent.
30https://miro.com/
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Survey participants 67 participants were recruited, from 16 nationalities (including Europe, North

America and East Asia) and ages ranging from 18 to over 55 (27%: 18-24, 40%: 25-34, 12%: 35-44, 9%: 45-

54, and 12%: over 55). Participants identified as 33 women, 32 men, 1 non-binary and 1 individual who

preferred not to disclose their gender. Remote event attendance included 14% weekly, 5% monthly,

15% seasonal, 15% yearly, and 51% rarely (attended few such events). Participants used a variety of

platforms to engage with remote music events with the most commonly used being YouTube (59%),

VoD (53%), Instagram / Tik Tok / Facebook (24%), Facebook (28%), teleconferencing platforms such

as Zoom (20%), Twitch (19%), social VR tools (10%) and Others (e.g., Veeps, Discord) (15%).

Interview participants I conducted semi-structured interviews with 25 participants. Participants

identified as 10 women, 14 men, and 1 individual who preferred not to disclose their gender. Their

ages spanned several brackets: 28%: 18-24, 52%: 25-34, 10%: 35-44, 6%: 45-54, and 4%: over 55. Their

nationalities included Britain, Spain, Italy, Taiwan, Turkey, Greece, Cyprus, Romania, Liechtenstein,

Germany, and the USA. Every participant had attended at least a few remote music events. Their

attendance frequency varied: 24% attended events occasionally (a few events here and there), 20%

at least once a year, 28% attended three or more events annually, 12% monthly, and 16% weekly.

The platforms they used included VoD (24%), YouTube (48%), Instagram / Tik Tok / Facebook (28%),

Twitch (28%) specialised streaming platforms (28%), social VR tools (20%) and other platforms such

as Zoom (8%), with all participants having used multiple platforms.

5.2.3 Data analysis

The data collected from the questionnaire, interviews, and observations were analysed using a re-

flexive thematic analysis (RTA) [73, 74]. As researchers, we actively engaged in creating and refining

the analysis, thus embodying the role of co-creators in the interpretative process. Moreover, in line

with the principles of RTA [73] I purposefully did not pursue inter-coder reliability and embraced my

own perspectives and those of the researchers I worked with [73].

I employed an iterative open-ended coding process, identifying data patterns related to desires,

opportunities and challenges. I started by analysing the survey data. First, I familiarised myself with

the data by reading the entire dataset. At this point, I documented my thoughts and took preliminary

notes such as Participants want to keep the performer in the spotlight, without overshadowing them

with technology; It appears there is a general consensus that current engagement strategies are
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insufficiently interactive or engaging; The concept of “live” appears fluid among participants within

this digital environment, as discussions about live and recorded content often overlap; etc. Some of

the notes informed the interview questions and the finalised thematic analysis. This was followed by

a preliminary coding31 of the open-ended questions. After processing similarly the remaining data

(such as interviews and observations), I refined the coding.

Figure 23: Example of how the preliminary round of coding for the survey was conducted on Miro

Subsequently, one of the two student researchers who helped clean the transcripts – therefore, was

familiar with the data – collaborated with me to review and further interpret the coded data. We had

regular meetings to reflect on our findings, discuss the codes, and start identifying patterns of data

that we believed could be further developed into themes. To triangulate our findings, we compared

data and codes from the three sources, looking for convergences and divergences. This involved

creating data clusters comprising data from all data sources through aligning observational notes

with self-reported experiences from the survey and detailed narratives from interviews. Where dis-

crepancies arose, we discussed and reflected on them further to understand the underlying reasons.

In addition, throughout this process, we identified user journeys and engagement characteristics

specific to the main platforms our participants used, enabling us to map out distinct interaction pat-

terns and preferences inherent to each platform. The insights gained from this analysis were pivotal

in shaping our understanding of platform-specific dynamics.

To support this step of the analysis, a shared Miro board was used, where detailed documentation
31examples: [C1] Emotional disconnection occurs in remote viewing; [C2] Remote events offer limited sensory experience;

[C3] Audio and visual elements are not completely immersive; etc.
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of the process was brought together with interesting parts of the code and observational data (see

Figure 23). The Miro board was used to visually organise and cluster codes into categories, themes,

and sub-themes. The board also served as a collaborative tool, enabling the members of the wider

research team to familiarise themselves with parts of the data without having to go through the

huge amounts of information collected. Moreover, it helped us collectively review, adjust, and refine

coding categories, allowing for iterative feedback and discussions.

Over the course of the analysis stage, regular meetings took place where the rest of the researchers

had the opportunity to enrich the analysis with their different perspectives and experiences. During

the meetings, the findings were discussed and further iterated by gradually determining which codes

were most useful for interpreting relevant themes, how they may be combined according to shared

meanings, and which could be discarded. Furthermore, I also shared my personal reflections, helping

the research team better understand the context of the data groupings. The team discussions helped

us resolve discrepancies, refine definitions, and ensure the final themes accurately captured the

participants’ experiences. The generated topics were finally grouped in four higher-level themes

encapsulating key insights drawn from the triangulated data sources.

5.2.4 Researcher perspectives and positionality

It is important to recognise that researchers’ backgrounds and perspectives inherently shape the

analytical lens applied in qualitative work. As the main researcher in this study (for a full statement

of positionality, see Chapter 1), I immersed myself in some of the communities and events that form

the basis of this work, driven both by personal interest and also to ensure academic rigour. Firstly,

as an avid concertgoer who also actively engages with remote music events, my interest naturally

extended into my research. This helped me establish connections with the people I engaged with,

facilitating a level of rapport and understanding that enriched the data collection process.

Moreover, recognising the importance of first-hand experience, I made an effort to directly engage

and become familiar with the two big platforms with which I previously had no lived experiences.

This was done to gain insider knowledge, as I felt it was quite important for me to be able to stand

by what my results were saying. After seeing VRChat was one of the main platforms where survey

participants attend remote music performances on a regular basis, I actively interacted with the

tightly-knit community there to learn more about how events and interactions take place in that

context. Gaining access to some of the private Discord servers, which serve as hubs for gaining access
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Figure 24: Tour of the VRChat Rave scene by one of the participants

to VRChat music events, required earning the trust of the community members by being transparent

about my intentions and curiosity. This helped me build rapport with the people I interviewed,

three of whom did the interviews through VRChat so that they could show me around the spaces

they attend remote events in, their avatar skins and so on (see Figure 24). My engagement with

the VRChat music scene gave me invaluable insights into the community’s dynamics, leaving me

with a deeper understanding of the cultural and social intricacies that define the space I would not

have had if I had not actively engaged with it. Moreover, the interaction with the VRChat community

during this study (although brief) inspired me to keep working in the space and better understand

its (often misunderstood) people. Since then, I have conducted further research to understand the

lived experiences of people who spend extensive amounts of hours in Social VR platforms.

My investigation of Twitch’s music scene involved a significant amount of time browsing through the

Music Channels32, as well as direct engagement with industry insiders, including several interactions

with the team of VOLTA XR33 – a company that provides an extension for Twitch which allows au-

diences to influence the visuals of a performance. I participated in many of their events (three of

which are an official part of my documentation), and attended five debriefing sessions with VOLTA’s

UX designers and developers. During the meetings, we discussed each event to identify: (i) what

went well; (ii) areas of improvement, and (iii) potential enhancements to their tools. The iterative

process of evaluation and discussion enabled me to exchange ideas in a collaborative environment

and helped me go deeper into the details of interactivity in Twitch.

Further, the wider team I collaborated with for this research comprised experts from design, perfor-

mance, XR, and music technology. While their diverse backgrounds enriched our analysis, they also

introduced specific subjectivities. I acknowledge that our unique positions influenced various facets

of this research, including the selection of events observed and the interpretation of the results.
32https://www.twitch.tv/directory/category/music
33https://www.volta-xr.com
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(a) O5 - AI-enhanced chat using a chatbot to address latency, en-
abling real-time keyword-triggered customisation

(b) O4 - Twitch and VRChat stream showcasing a DJ set with virtual
participants dancing in the live background

Figure 25: Selected screenshots from observed events during the study.

5.3 Platforms for remote music performances

In exploring remote music experiences, I identified several ways in which audiences engage with mu-

sic events online. At the heart of these experiences is technology, which acts as a bridge, connecting

audiences with artists, the music, and each other. Technological mediation impacts the remote mu-

sic experience, from the choice of platform to the quality of the stream and the range of interactive

features available. In essence, technology becomes both a mediator and an enabler, influencing

how audiences interact with and perceive the events and providing new possibilities of engagement.

Participants in our study frequently highlighted the array of platforms available for attending remote

music experiences, ranging from mainstream streaming services to immersive VR platforms. Each of

these platforms offers a unique set of features, interface designs, and interaction possibilities, influ-

encing the audiences engagement level and overall event experience, as well as their evolving needs

and desires. This range indicates that the future of digital music experiences is not one-size-fits-all

but rather a spectrum of tailored options to meet the needs and preferences of audiences. Before

I present the main themes developed from the data analysis, in this section we provide a summary

of the platforms our participants used, some of their reported affordances and limitations, and the

audiences’ interactions with them. It is important to clarify that these insights are based on our

participants’ experiences and thus represent common, but not exhaustive use cases34.

Twitch35 is a livestreaming platform initially known for gaming [455] but increasingly popular for

live music performances, especially among indie and experimental artists. It enables real-time di-

rect interaction between artists and audiences through chat, emotes, and interactive extensions,
34Video-streaming platforms like Zoom were omitted due to the lack of events post-pandemic.
35https://www.twitch.tv/
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allowing for personal and unscripted engagement. Engagement ranges from casual conversation to

responding to music requests, creating a highly interactive and personalised music experience. All

our interview participants who used Twitch for music were also avid gamers. This likely explains

their familiarity with Twitch’s digital norms and interactive culture, as well as their frequent use of

the platform for music. Participants often reported using Twitch passively, streaming music in the

background while multitasking. One noted, “Whenever I listen to music on Twitch, it’s not an expe-

rience that captures my entire attention [...] I always have it open on the second monitor or in the

background (PI10).” This behaviour reflects a broader trend of multitasking in digital media con-

sumption [227]. Despite passive use, moments of active participation are common. Users join the

chat to engage in digital rituals that create a shared experience. As one participant said, “The chat

is a huge part of the experience. Something bad happens, everyone spams an emote [...] Something

good happens, they hype the thing up (PI2).” Moreover, interactive extensions on Twitch, such as vot-

ing polls and Volta XR, further enhance the experience by allowing audiences to influence the per-

formance, thus adding an element of experimentation and personalisation. However, we observed

during certain events (like O3 and O5) that these features sometimes constrained dialogue among

viewers (see Figure 26a). Users became more engrossed in the features, which limited audience-to-

audience and audience-to-artist interaction, suggesting that while interactive extensions offer novel

ways to experience music, they may create a trade-off between personal engagement and communal

interaction.

YouTube36, is a global video-sharing platform that allows users to upload, view, and share videos

across a vast array of content categories. Its widespread accessibility, high-quality video streaming

features, and massive user base make it a primary destination for streaming music performances.

Youtube was the most popular platform amongst our participants, as it caters to a diverse audience

demographic from casual listeners to dedicated fans of specific artists or genres, with usage patterns

varying significantly. Our participants reported using YouTube primarily to access mainstream music

performances and big-name artists’ concerts (either livestreamed or pre-recorded but played one off

such as O7). Unlike Twitch, engagement on YouTube often appeared as more sporadic and one-off,

particularly for live music events. Our study observed that direct interaction with artists or other

audiences on YouTube is less frequent (or non existent). One of the reasons for this is the larger

scale of events and audiences, which often makes personal interaction challenging and less likely.

PI7 noted “On YouTube, there are tons of messages happening, so it’s quite difficult to even interact

(PI7).” Another issue highlighted by our study participants is the sometimes overwhelming nature of
36https://www.youtube.com/
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YouTube’s algorithm-driven content suggestions. While this feature can aid in discovering music, it

can also lead users away from their intent, contributing to a less focused music experience.

Social VR platforms, such as VRChat37, Engage VR38 and Meta Horizon Worlds39, enable users to inter-

act in immersive, three-dimensional virtual spaces avatars through VR headsets [316, 317]. In recent

years, they have emerged as spaces where users go to experience live music [303]. Amongst our

participants, VRChat stands out as a popular choice, with regular users engaging with it on a daily or

weekly basis. One participant shared: “Basically, I attend more or less every drum piece event, and

because VRChat is worldwide, you can go wherever you want. Later I will go to a dancing world to

dance for one or two hours and after that I will go to a Rave (PI7).” In VRChat, small to medium elec-

tronic artists often perform in magical spaces, creating an intimate, community-centric atmosphere.

Users engage primarily through VR headsets and motion trackers, with some enhancing their expe-

rience using haptic vests for tactile feedback. Despite the computational demands, this immersive

setup contributes to a concert experience that many participants described as closely mirroring the

feelings of live, in-person performances. Notably, VRChat performances are often simultaneously

streamed on Twitch (O4), allowing non-VR users to engage as well. As one participant explained “A

lot of VR events have a video player in the world, and you just show a Twitch stream... It’s pretty

much that you have the same music, and you listen to the same video feed, just in very different

contexts (PI10).” Social interaction is a significant aspect of these platforms; attendees go to dance

[360], meet friends, or even perform as part of the show, enriching their virtual experience. The abil-

ity to customise avatars allows users to express their individuality [161] and enhances the sense of

presence during virtual concerts. However, the capacity limitations of social VR present a challenge.

For instance, VRChat allows only 80 people per instance of a world, meaning larger audiences must

be spread across multiple, unconnected instances, and typically only the first instance features the

live artist. This segmentation can make it difficult to create a unified concert experience, yet it allows

for more intimate and varied interactions within smaller groups.

Bespoke platforms like Veeps40 and StageIt41 are specialised online services hosting remote mu-

sic performances that often require ticket purchases. They gained popularity during the COVID-19

pandemic, catering to audiences who value exclusivity and superior production quality. They offer

exclusive, high-quality musical experiences not typically available on mainstream platforms. The
37https://hello.vrchat.com/
38https://engagevr.io/
39https://horizon.meta.com/
40https://veeps.com
41https://www.stageit.com/
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type of audience that gravitates towards these platforms typically includes avid music fans who are

willing to pay for the added value that these platforms provide, often seen in the form of high audio

quality, meticulously curated line-ups, and unique interactive features such as Q&As. Participants

appreciated that these platforms closely mimic attending high-end concerts or festivals, offering the

convenience of remote access and the opportunity to support their favourite artists directly. How-

ever, despite their premium offerings, participants noted that bespoke platforms sometimes lack

the wide-ranging community feel of more accessible platforms like YouTube or Twitch, leading to a

more isolated viewing experience with limited interaction among music enthusiasts. Additionally,

discoverability is a significant challenge. Without large user bases or sophisticated recommendation

algorithms, these platforms rely on targeted marketing and word-of-mouth, making it harder for

users to find new and interesting events. Some participants even had difficulty recalling the names

of these platforms, indicating issues with brand recognition in a crowded digital space. While they

offer valuable experiences, bespoke platforms may need to improve their visibility and community

features to fully enhance user engagement.

Video on Demand (VoD) services provide high-quality, structured access to pre-recorded or live-

streamed content, offering the flexibility to watch major events on demand, much like traditional

television. Participants frequently mentioned VoD platforms such as BBC iPlayer42 as their preferred

choice for watching live from home large-scale physical music events. The performances streamed by

VoD platforms were valued for their high production quality, with participants appreciating features

like behind-the-scenes footage and expert commentary, which contribute to a polished viewing ex-

perience. Moreover, VoD platforms deliver widely broadcast content that appeals across age groups,

thus are ideal for events that bring together diverse audiences – from younger viewers to older

generations accustomed to TV broadcasts. Unlike interactive streaming platforms, VoD services lack

real-time engagement features, but this was not seen as a limitation. On the contrary, participants

noted that they use VoD services to watch live music performances with others, in the same phys-

ical space. For events like Glastonbury or Eurovision, participants valued the shared experience of

watching with family or friends, often transforming their living spaces into festival sites.

Social media platforms like Instagram Live43 provide artists with accessible ways to perform mu-

sic and engage directly with fans in real time. Through livestreaming features, artists can host im-

promptu sessions, planned performances, or interactive Q&A events. Participants in our study valued

the informal and personal connections these platforms encourage. The ease of discovering and ac-
42https://www.bbc.co.uk/iplayer
43https://www.instagram.com/
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cessing music content on social media was a significant draw, appealing to both casual listeners and

dedicated fans. Direct interaction through comments and reactions enhanced the sense of commu-

nity, allowing fans to engage with artists in real time. This cultivated a sense of intimacy not typically

found on platforms like YouTube or Twitch, where larger audiences and more structured interfaces

can dilute personal engagement. However, participants also noted limitations. The transient nature

of content meant live events could be easily missed, and the ephemeral experience contrasted with

platforms where content remains accessible indefinitely. While this fleeting nature heightened the

exclusivity of live events, it posed challenges for lasting engagement. Additionally, some observed

that audio and video quality on social media platforms could be lower compared to dedicated music

services. Content discoverability was another issue; algorithm-driven feeds impacted the consistency

of finding and engaging with live music events.

5.4 Audience perspectives on remote music performances

“I think we will definitely see more hybrid events in the future. I think a lot more events will start to

be ones where you’d be able to consume a lot more of them online as they’re happening.[...] So it’s

very important in which direction it goes. Do you use the technology to enhance the show being put

on by the artist? Or, do you use the technology to try and grab more people in to come and watch

the show (PI2)”?

In the following sections, I unpack the specific facets of the audience experience, capturing both

the joys and the gaps encountered. I report on the overarching themes I developed through the

analysis which look into (i) social connectedness, (ii) interaction with the artist, (iii) redefining the

here and now and (iv) sensory and emotional immersion. The themes point towards opportunities

and challenges in the space and for further design and research. Interview participants are named

as PI1-25, survey participants are named as PS1-67 and event observations are named as O1-O11.
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5.4.1 Social connectedness

Community building

The emergence of new communities centred on attending music events remotely is a significant

aspect of the modern digital landscape. PI10’s experience exemplifies this phenomenon, how virtual

interactions are breaking through digital confines and cultivating novel connections: “I’ve made so

many friends (online) that I just want to hang out with [...] exactly the same reason why I would go

out with friends in real life (PI10).” Integral to this community building is the role of chat and other

interactive features, which facilitate a deeper level of engagement among remote music audiences:

“Having some level of interaction for the audience, I think is also really important. And, I think that’s

what sort of holds people’s attention (PI15).” This active participation creates a sense of belonging

and identity among members, extending beyond their usual social circles to include diverse view-

points, as described by PI11: it is “nice because it creates some sort of debate, some friendly fights

about who we didn’t like (PI11)". As communities form up around various platforms, the special fea-

tures of those platforms become more than tools of communication, they become active agents of

cultural identification. For example, PI4 described during one performance on a custom concert plat-

form, users typed almost in unison “the cow emoji and a bell (P104)” whenever they were hearing the

sound of a ‘cowbell’ spamming the chat. until the lead singer noticed and interrupted the perfor-

mance to ask, “Cowbell? Why is everyone saying cowbell?” Such experiences resonate far beyond the

performance and emerge as cultural artefacts and signifiers of membership to an exclusive kind of

fandom,“watching it together [...] I felt like I was part of the group, in it, in the tribe (PI4).” The tribes

and groups forming around the experience of remote live music, like any other community, appear

to develop around the emergence of shared idioms, rituals, and collective memory of the remote

performance. As communities around remote music events solidify on various digital platforms, the

distinctive features of each platform become integral to the cultural identity of these groups.

On YouTube, communities are often bound through its algorithm, with interactions focusing more

on engagement through the chat. For example, in the O9 event, fans used purple emojis to signify

their love for BTS performing, revealing the establishment of a communal language and identity and

creating a sense of belonging and solidarity among the fans. On Twitch, the community dynamics are

further shaped by the platform’s interactive features. As PI10 notes, the use of “a bunch of blinking

emoji (PI10)”, during streams is a common practice to “hype up the mood,” demonstrating how digital

expressions can enhance the collective experience. Additionally, PI3’s observation about using spe-
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cific catchphrases related to past events highlights a deeper level of community engagement: “if you

use one of the catchphrases about something happened three years ago at this sort of event, they will

know what you mean (PI3).” These phrases act as ‘callbacks’ to shared experiences, fostering a sense

of collective memory and belonging among long-time members. Such practices, including ‘emote

spamming’ and the use of unique catchphrases, have evolved into ways for community members to

signal their ‘in’ status within the group. This behaviour exemplifies developing a shared language

and cultural norms unique to the Twitch community.

(a) O3 - International DJs perform in a livestreamed event blending
in-person and online audiences via Twitch extensions

(b) O2 - Interactive keywords drive performance customisation, tak-
ing over the chat and shifting focus from general conversation to
visual engagement

Figure 26: Screenshots from observed events during study.

In social VR communities, unique expressions of appreciation, such as “throwing a snowflake emoji”,

at the DJ to signify approval while eschewing more common symbols like hearts (as mentioned by

PI5), illustrate the development of specific embodied communal rituals and symbols. These prac-

tices are not retained in VR but are adapted to align with its immersive environment, showcasing

the community’s shared interests and the development of a unique cultural identity within the VR

space. Unlike the more public and observable interactions on platforms like Twitch, VR communities

tend to form in intimate, semi-private spaces. These communities are built on personal interactions

and word-of-mouth, as highlighted by PI1’s description of a public VR world that serves as a gateway

for newcomers to navigate the VR community “There’s one world, Club Orion, that’s public, there’s

like almost always someone inside... maybe you befriend them... and then you kind of start to learn

where to go (PI1).” Members also collaboratively shape their environment, illustrating the commu-

nity’s adaptability, inclusivity, and strong emotional ties. As PI6 notes, “remote live performance in

VR is authentic, part of a folk culture (PI6)”, that one must be actively involved in to fully appreciate.
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Remote music concerts as third spaces

Digital platforms overcome the confines of physical venues, allowing attendees to access them with

no limits and to authentically express themselves. As noted by PI19: “It is really good that we do

have those technology options available to make it more accessible for people. People that would

be really anxious to go in person for whatever reason, not a pandemic situation just in general, or

if there was a disability that prohibited them going (PI19).” Notably, these digital concerts directly

address the concerns voiced by 35 survey participants who expressed frustration with the crowds

and disruptive behaviour at traditional events. Digital concerts become more than just an alternative

mode of participation; they function as digital ‘third spaces’ [344], where people come together for

communal experiences, providing a transformative arena for self-discovery, identity exploration, and

meaningful connections. Within these spaces, attendees “can just be like in a safe space basically

(PI10)”, free from the challenges often associated with conventional in-person music events.

Remote concerts offer a refuge for individuals grappling with social anxiety and inhibitions that

can be exacerbated in the midst of large, crowded gatherings. For them, digital events provide an

environment where they can engage with live music on their own terms, free from stimuli that might

trigger their anxieties. Take the example of PI1, who finds solace in the 80-person limitation of VRChat

events: “I’m not a person who can stay with huge groups of people [...] that’s what I really like about

chat the VR rave scene. There’s also limit of 80 people. [...] It’s like in this world only 80 people could

join (PI1).” Furthermore, the slight anonymising effect of the digital spaces acts as social lubricant,

as explained by PI6: “Certainly people with social anxiety do report they are a lot more comfortable

operating in a virtual environment. I suppose some of the social cue stuff around facial or physical

communication sort of flattens the complexity of the social experience (PI6).”

In contrast to traditional in-person concerts where self-expression might be limited to clothing or

merchandise, remote music events enable a new type of freedom. Attendees have a multitude of

creative tools at their disposal, including avatars and pseudonyms, that allow them to explore and

express facets of their personalities. As noted by PI10 when talking about VRChat “People can defi-

nitely express themselves more. [...] some people who because of different reasons, don’t want to go

out in real life [...] can just be in VRChat, be like in a safe space basically (PI10).” Moreover, PI1 em-

phasised how avatars create a protective shield, enabling attendees to present themselves genuinely

and safely: “I feel like I can be more myself here. Cause when [...] I want to meet someone at the club,

I feel awkward. [...] I feel it’s easier because you’re in a safe space. I have my avatar, they have their
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avatar, they can be a woman, they can be a man, they can be whatever [...] it doesn’t really matter

(PI1).” The ability to experiment with diverse identities without self-consciousness further broadens

the scope for self-expression. Moreover, dancing and freely expressing oneself at home, as described

by PI20, PI18, and PI14, becomes a liberating experience, free from the inhibitions of crowded public

settings. “ we’re here with other people, you’re doing silly stuff, you’re dancing, singing all together,

and you kind of don’t care what’s going on because you’re in your house, so you’re free (PI14).”

In addition, attendees in digital spaces have the autonomy to curate their level of participation.

Whether they prefer active engagement by interacting with others, or a more passive role by simply

immersing themselves in the music from the comfort of their homes, the choice is theirs. The abil-

ity to stay anonymous further amplifies this flexibility. Attendees can selectively reveal aspects of

themselves, navigating the concert experience with a level of privacy and freedom that traditional

in-person events cannot offer. This distinction became evident during event observations, where

real-time interactions unfolded between participants. Yet, the context of these exchanges remained

shrouded in mystery due to our limited knowledge about the individuals behind the screens. Ad-

ditionally, individuals such as PI21, PI2, PI3, and PI4 described themselves as ’lurkers’ on Twitch (i.e

attend events but do not post) [297], further showcasing the plethora of engagement options.

However, the newfound freedom of expression also presents unique challenges. The adaptability

of identities and the relative lack of moderation, while encouraging diverse interactions, can some-

times result in disruptive behaviour, such as a lack of social etiquette and increased harassment.

PI4 attributed it to the fact that “social contracts are completely nonexistent (PI4).” The same par-

ticipant explained that this might be due to the fact that some of these spaces such as Twitch and

VRChat have originated in gaming, which has a reputation for attracting users that showcase toxic

behaviours. Because of anonymity, people in virtual spaces feel emboldened to say and do things

that they would not in a physical space “you might get banned, but who cares (PI2)?.” During our

event observations, particularly in cases like events O7 and O9, which took place on platforms like

YouTube with substantial audiences, there were frequent instances of inappropriate comments from

users. Fortunately, due to the fleeting nature of chat, these comments were often swiftly replaced

with emojis and other responses within seconds. Nevertheless, their occurrence serves as a reminder

of the difficulties in moderating expansive digital spaces, such as those hosting music events.

This challenge becomes more pronounced in immersive platforms like VRChat, where the digital

experience closely resembles the physical one [162]. In these environments, issues akin to those en-

countered in real-world events arise but are exacerbated by the absence of traditional moderation
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mechanisms. As PI1 highlighted, problems like harassment, unruly behaviour, and the presence of

intoxicated individuals or minors also exist in VR environments and become even more pronounced

in the rave scene: “When you have your headset on, it doesn’t feel like you’re drunk (PI1).” This can

lead to people acting out in ways they would not if they were sober, for example, by being disruptive

or even engaging in sexual acts in the middle of the music event. The lack of ‘security’ makes events

even more challenging to manage and even if there is security, anonymity can make it difficult to po-

lice misconduct. For example, while many VRChat music venues have hosts who attempt to maintain

order, people who get kicked out for inappropriate behaviour can easily return with a new account.

This makes it much harder to hold people accountable for their actions than it would be in a physical

space. Furthermore, these digital communities often adhere to unwritten rules and norms that not

everyone may be aware of, as exemplified by PI10’s statement: “if you go to an event, you do not drop

a portal to another world. Obviously you can’t that in real life there’s no equivalent to that. You don’t

do that. And that’s why it’s also common etiquette too in VRChat (PI10).” This highlights the need

for the establishment of new norms and etiquette tailored to these virtual communities that strike

a balance between the freedom of expression and the necessity of maintaining respect for shared

spaces, ensuring a harmonious and enjoyable experience for all participants.

5.4.2 Interaction with the artist

Artist-audience interactions as community building blocks

In our study, participants frequently emphasised the importance of creating a sense of closeness

with the artist, a dynamic they viewed as distinct from in-person events. “I think the strength of

remote technology for music events is exactly the creation of that feeling of a one-to-one connection

with the artist and that intimacy that comes with it (PS42).” Unlike traditional live events where

the scale and setting might limit personal interaction, remote events can create an environment

where fans feel a personal connection with the artist: “Remote events offer more opportunities

for intimate feelings with the artist. It’s just you and them in some occasions, you see them up

close and personal even if you are miles away. [...] It’s really nice to just sit there and have your

own emotional moment with the artist. I mean, you can do that in live experiences but it’s slightly

embarrassing.”; “So it actually felt really indulgent because you just had that person in your living

room. It felt like a personal concert and there was no one else watering that down (PI12).” This sense

of intimacy is heightened by the digital platforms’ ability to facilitate points of view that might not be

136



possible in a physical venue “ to see the performers from a clear and close up side makes it feel like

they are performing just for me (PS7)”, or by the increased exposure fans gain to the entire music

making experience “I feel [...] a more personal relationship with [artists] when you get a sense of

what happens behind the scenes (PI2).” Moreover, in Social VR, the sense of intimacy is even more

amplified with the artist’s presence in the virtual space, with many users trying to be as close to the

artist performing as possible. Our participants explained that in events where the 80 person limit

is reached and instances of the same event are created, they prefer to be in the instance where the

artist is, even taking up roles such as go-go dancers [360] to achieve that.

Another aspect that stood out for audience members was receiving recognition from the performer,

such as a “shout out”, as mentioned by PS12, “I think that the artist responding to the fans is important

(PS12).” This element of personalised, direct interaction was often highlighted in our survey and

interviews as one of the important aspects of remote music performances. Our own observations in

various remote music events corroborated this sentiment, reinforcing the importance of this personal

engagement. This could be attributed to the audience’s wish to feel a closer connection to the

performer. Furthermore, describing their experience PI15 described “So, the fact I could just tap on

my phone and send the artist I’m watching a message, and I know it’s going to pop up in front of his

face at some point. Knowing that you are almost like apprehensive about touching your phone in

the wrong way, in case you accidentally send the wrong emoji or whatever. And I think that was quite

exciting (PI15)” Such direct exchanges with the artists enabled by digital platforms also appeared to

be some of the most memorable aspects of remote music performances for some participants like

PI11 “a musician on Instagram playing the piano [...] he read my account name out and played a song

I requested” Shout outs took different shapes during our observations. For example, in the event O4,

usernames appeared prominently on the screen during the Twitch stream, giving each fan a visible

moment of recognition. In event O6, the artist personally acknowledged specific fans by name and

played their song requests. Fans responded with emojis and enthusiastic comments, reinforcing a

sense of connection and excitement that made the interaction feel meaningful and direct. Moreover,

due to such interactions the phenomenon of parasocial relationships, “where fans feel they know

artists intimately due to their music or online presence, even if they have never actually interacted

(PI2)”, is becoming more emphasised when interaction moves online.

However, it is important to note that while digital intimacy in remote music performances can some-

times be authentic, it can also create an illusion of connection. This concern was articulated by some

of our interviewees, such as PI8, who observed, “it can give a false sense of belonging and friendship
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and connection because technically, even if I’m watching someone live, I’m not actually connecting

with them. To them, I’m literally just a username, if they see that (PI8).” The immediacy of digital

interactions can sometimes lead to a skewed perception of connection, where fans feel a deep bond

with the artist, even if it is one-sided. The same participant elaborated “Even when there’s some

artists that go live and you comment and they read it out or they’ll reply to you, it genuinely feels

like a sense of “They know me,” they don’t know you, you’re one of a million whom they’ve replied to

this month. Especially for people that are vulnerable, I think it gives us a false sense of what a real

connection is like and that can really skew people’s perceptions to a point that can be quite danger-

ous or it can lead to loneliness, it can lead to all sorts of things (PI8).” This points to the potential

for a discrepancy between the perceived intimacy and the actual level of connection, emphasising

the need for a balanced understanding of the nature of remote engagements.

Collaborative artistry, co-creation and playful interaction

Online space blur the boundaries between artists and their audiences, leading to opportunities of

co-creation and collaborative artistry. PI9 gave an example of this shift: “Snow Patrol had Saturday

Sessions where he would interact with the audience on Instagram live. He would ask the audience

for lyrics, and a song emerged from that, crafted from the lyrics provided by their fans (PI9).” This

was also evident in our event observations, where we saw a desire from remote audiences to engage

more profoundly and collaboratively, yearning for a role in the co-creation process. We observed

a surge in message participation when platforms used extensions such as VOLTA XR (02, 05), which

facilitates audience involvement in shaping the concert visuals through text commands. Moreover,

interaction further intensified when the effects were overlaying the artist, signifying a desire to con-

nect with them beyond just having an impact on the performance. Furthermore, in O6 and 011,

audiences engaged a lot more actively in the sections where the artists asked for their contributions

or thoughts as to what to play next, voicing their thoughts and eagerly trying to engage in the music-

making process. Overall, our data indicates the audience’s interest in experimenting with tools that

allow them to actively shape the events they are attending virtually. This type of active audience

participation was further echoed when PI9 noted the value of artists directly interacting with fans on

livestreams, saying, “you could see the artist replying to the comments, which was fun to watch (PI9).”

The emphasis on collaboration extends beyond traditional music creation. As PI2 pointed out, “for

remote experiences, the interaction with the artist should be a given... it’s more about community

engagement and how the artists and the chat interact with each other (PI20).”
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Additionally, the inclination towards playful engagement during remote music events is a key aspect

of co-creation between artists and audiences. Our events observations revealed a desire to engage in

playful activities while attending remote music events. We saw that participants often appropriated

features of existing digital platforms for playful interactions, engaging in impromptu activities both

among themselves and with the performers. This kind of emergent play manifested in various forms,

from smaller types of spontaneous interactions such as play with words during chat conversations

(O2 – Table 5), emoji patterns and chants (O7, O9 – Table 5, Figure 3) to more structured forms of

play leaning towards gamification such as fans and artists creating their own games and challenges

during the performance (O6, O3 – Table 5). Moreover, during the interviews and questionnaires, when

participants talked about the aspects of remote events they most enjoy, they often gave examples of

interactions that went beyond back and forth with the performer and included mini ‘games’ that de-

termined the music being played “There’s also a YouTuber [...] who asks audiences to give him three

to five words and raps using those three to five words (PI2).” Such instances could be considered as

play potentials - i.e., existing manifestations of playful engagement that emerge naturally in ordi-

nary scenarios and that seem to be contextually meaningful and socio-emotionally productive [6].

They reveal a natural inclination for audiences and artists to seek and create their own entertaining

experiences during remote music events.

(a) O8 - A one-off, pre-recorded Foo Fighters concert, showing the
singer’s intimate style. Fans engage real-time with emojis

(b) O9 - Purple hearts light up the chat as fans show their devotion
to BTS, adding a touch of virtual togetherness to the online concert

Figure 27: Screenshots from observed events during the study.

5.4.3 Redefining here and now through remote music

Temporal fluidity

Traditional live music performances are inherently ephemeral, unfolding uniquely in the present

moment in a certain location and creating a sense of shared experience and immediacy. This live-

ness is a defining characteristic of in-person events, captivating audiences with its raw energy and
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unpredictable twists “seeing your favourite band and listening to their music and that ephemeral

nature of that. So, even though they play a set list, no two sets are going to be the same because of

the environments and the music and it feels authentic in that way (PI7).” Digital platforms such as

Twitch, Instagram Live, and VRChat have redefined our understanding of ‘live’, as they offer dynamic,

flexible ways for audiences to engage with events. From real-time interaction to asynchronous en-

gagement, they create a new kind of liveness, one that is not strictly tied to the moment but defined

by the depth and quality of participation. Drawing from [479], where liveness is viewed as a multi-

faceted constellation, I explore the essence of ‘live’ in remote music performances by considering

the rhetoric around a platform, its technological features, and the users’ lived experiences.

Audiences online engage with content in surprisingly diverse ways. Some remain synchronised with

real-time broadcasts, while others leverage the digital medium’s flexibility to pause, rewind, or ex-

plore the historical content and chat archives. PI8 noted, “So in real life, no matter how you’re feeling,

if you are hungry or wherever happens, it’s happening. Whereas online, I can [...] I can pause it, and

actually, obviously, there’s a convenience that comes with that (PI8).” This flexibility reshapes what

‘live’ means, allowing to pause a livestream and dissect, discuss, and deeply engage with specific

moments as they unfold. This is in contrast to in-person events, where discussions are often post-

poned until the end, relying on collective memory. One participant noted, “You can control what’s

happening, [...] you can rewind [...] sometimes I’ll spot things, I’ll press pause and have a running

commentary alongside what I am actually seeing (PI12).”

Moreover, it appears that even pre-recorded music performances can evoke a strong sense of live-

ness among viewers. Even though events O1, O7 and O8 (see Figure 27a) were pre-recorded perfor-

mances, because they were streamed during a certain moment in time, audiences interacted between

them as if they were attending a live event. During event O1, attendees danced and cheered while the

concert was being broadcast and during events O7 and O8, audiences used the chat the same way

they did in live-streamed events, commenting at certain moments, cheering the artist, and interact-

ing with the performance as it was unfolding. The perception of liveness is therefore a combination

of the viewer’s belief, which is anchored by specific markers and cues within the content, and their

active interactions with both the performance and other audience members.

However, these perceptions are not always consistent. A live performance can feel less engaging if the

artist fails to respond to audience input, while pre-recorded events with active audience participation

can feel alive and dynamic. PI6 reflected on this layering of time and experience: “Once you start

immersing yourself in the possibility space of these live performances, it could be interesting to
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start sort of layering levels of reality on top of each other, like this sort of layering of temporally

things that happened in the past happening alongside what you’re experiencing right now and sort

of layering on previous audiences onto the experience (PI6).” The dynamic interaction with time

unlocks novel creative avenues for performers and creators, in helping them craft experiences that

truly resonate with the audience’s evolving definition of live. PI6 exemplifies: “But that in itself is

kind of an interesting wrinkle on the sort of recorded experience performed as a live concert as you

get some oddities like that (PI6)” – i.e., the artist (Fatboy Slim) is in the audience of his show.

The perception of liveness is also influenced by the immediacy of interactions. Delays, even minor

ones, can disrupt the audience’s sense of being part of a live event. This was evident in O2 and O5

(see Section 5), where users anticipated real-time responses to commands like boom, spin, and light.

However, in O2 latency in visualising these commands disrupted the audience’s sense of ‘liveness’

(see Figure 26b), highlighting the delicate balance between platform capabilities and user expecta-

tions. In O5 this was mitigated by introducing a chatbot that would write back the comment and the

name of the user who said it a few seconds later to imitate immediacy (see Figure 25a).

Intriguingly, the findings also suggest that when the remote experience offers distinct advantages,

participants were inclined to seek inventive solutions to navigate and mitigate latency-related chal-

lenges. PI5, who regularly engages in dancing during VRChat music events [360] remarked: “And the

problem is everybody lives in a different part of the world and there’s a lag between the time you

see the image and hear it [...] It’s not synchronised dancing at all, which is another reason when I’m

dancing in VRChat at a rave, I don’t dance with other people because we’re always slightly offbeat

and it’s very irritating. So I just solo dance (PI5).” The participant went on to explain how they adjust

their dancing to work well with the latency: “because it’s only sampling at a certain rate before it

sends the movement information over the internet to the main servers. And so I tend to try to make

sure my movements are not very fast. I’ll try to use smoother, slower motions. And the same thing

with the leg movements. I don’t do any super fast fancy footwork because it will look bad.”

Such observations reveal a broader transformation in how live music experiences are defined in

digital spaces. Traditional boundaries between live, replayed, and asynchronous events dissolve,

enabling audiences to engage across time. Fans are no longer limited to experiencing a moment

in real time. They can revisit past performances, interact with other viewers asynchronously, and

contribute to a continuum of shared experiences.
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Impossible music experiences

Our participants expressed that for them, remote music events are distinct opportunities for novel

engagement – with the other audiences, the artist and the performance itself. As PI2 puts it: “Why

should you try to emulate something when using technology, you can make a unique and different

experience that can be just as enjoyable (PI102)”? Feedback indicates that technology is not just

an enabler, but rather a driving force for otherwise impossible experiences [484]. One participant

described “The most recent unforgettable experience in VR was the Fat Boy Slim virtual performance

in ENGAGE XR. It was unforgettable for being amazing and ground-breaking, and unforgettable for

being overwhelming and over-stimulating [...] Still, it was amazing as it showed the possible, even

how VR can do the impossible (PI16).” As PI16 further noted “I think [...] virtual events are going to

be more technological and more conceptual and they don’t have to deal with the practical issues of

crowd control or rain (PI16).”

Moreover, for artists themselves, technology presents a remarkable opportunity to overcome the con-

straints of the physical environments (e.g., venue size, logistical challenges, or budget constraints).

This transformation is particularly valuable for smaller artists or those performing from home, who

may have previously been restricted in their ability to deliver visually captivating performances. Our

observation of the electronic music competition (O3) (see Table 5) exemplified the potential with

musicians effortlessly mixed their music from their individual locations to a venue hosting an in-

person audience. The performance was further enriched by the inclusion of interactive visuals (see

Figure 26a), creating a multisensory experience that captivated the audience, who also voted for the

competition’s winner.

In addition, the space of remote concerts also allows users to actively shape their virtual encounters,

choosing their own ‘impossible’ elements: “A lot of times I’m wearing different avatars [...] I like

dancing with avatars that actually have an extra pair of limbs because it’s usually synchronised with

my dominant arm, and so you can come up with some interesting moves with your arms. And I don’t

care how I look because that’s not how I look in real life. This is my virtual self (PI5).” This was also

evident during O4 where not only the event was in a magical location, but also those attending in

VRChat took impossible forms (see Figure 25b). Such possibilities for impossible experiences were

used by our participants to also envision what they would want to see in the future: “My most

memorable online one was in the Natural History Museum... but could you use VR to stimulate like a

place so the artists wouldn’t have to pay for the licence to be there? The person could decide which
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place they want to see, which suits the type of the concert better. Can you also use VR to stimulate

standing at the front of a stage or with the artists backstage? (PI9)”

Accessing the inaccessible

Traditional in-person events often demand significant commitments, including travel expenses and

high ticket prices, rendering some events a luxury that many cannot afford. This frustration with the

financial burden associated with in-person events was articulated by 14 questionnaire participants

and further elaborated upon by interviewees. For instance, PI13, discussing Glastonbury, a renowned

music festival in the UK, highlighted how the event has evolved beyond its original concept as an

affordable music holiday for working-class people: “I think originally the idea was it was a holiday

that working-class people who wanted to listen to music could afford to go on, and that’s really not

what it is anymore. It’s beyond quite a lot of people’s financial budgets... I always watch Glastonbury

because I definitely can’t afford to go there anymore because the tickets are really expensive. I kind

of think it’s almost better at home (PI13).” Digital platforms have made this easier by offering free or

affordable streaming options, democratising access. PI9 highlighted: “It might actually be better at

home, especially with big artists. For example, with Niall Horan, if I had went to a live event, unless I

wanted to pay a kidney, I would not have been at the front to actually see his face while singing while

at home you could see the emotion on his face (PI9).” This newfound accessibility has also addressed

the perennial problem of sold-out events, where highly sought-after tickets vanish within minutes44.

Furthermore, remote music events have obliterated geographical barriers, providing opportunities

for individuals who cannot attend in person due to location. The ease of access was cited by 15 ques-

tionnaire participants as a primary benefit and motivation for participating in remote music events.

PI1 shared their experience, emphasising the importance of accessibility in their decision to join the

VRChat Drum N Bass community: “Where I live, there’s nothing really going on... So when I some-

how discovered that there’s a VR community, I was like, ‘Hey, that’s kind of cool (PI1).” Additionally,

dedicated fans of music genres such as Kpop, like PI14 and PI7, have found remote music events to

be their primary means of engaging with their favourite artists due to the geographical challenges

involved: “These live events are often held in locations that can be challenging to access, especially

for the K-pop side, which is mostly based in Asia. So it’s a lot difficult to get there... So you can see

it whenever you are, you just need a screen, a passcode, and a Wi-Fi connection (PI14).” In addition,

for participants like PI16, the shift to digital platforms also aligns with a more sustainable future
44https://help.ticketmaster.co.uk/hc/en-us/articles/360018800214-Why-do-tickets-sell-out-quickly-
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“conversations about sustainability are going to become way more prevalent [...] So, I think using

technology that’s more sustainably powered, but also that allows people to attend events in ways

that are more sustainable, if that’s minimising travel to and from events for example (PI16).”

In addition, several participants pointed out that online music events can offer greater accessibil-

ity for people with disabilities, because they eliminate the need to physically navigate potentially

inaccessible spaces and allow individuals to engage from the comfort of their homes. PI16 who has

fibromyalgia explained the difficulty of attending in-person events due to their chronic pain and in-

ability to stand for long periods: “me being in a standing crowd is a real problem and as much as

a venue can be like, “Oh we’ll put a chair in the corner for you”, that then just feels uncomfortable

and isolating, and so that’s something that I think is beneficial in terms of a virtual event (PI16).”

PI5 further highlighted how online music events can be more accessible for those with hearing im-

pairments: “if deaf people, or people who are hard of hearing, go to a concert with just one person

there, they’re not actually going to be able to hear the lyrics (PI5).” The same participant gave as an

example Rhianna’s performance at the Super Bowl “One example that comes to mind is Rihanna’s

performance at the Super Bowl. [...] When they televised it, they had Justina Miles, as an American

sign language interpreter who is an amazing, amazing performer, so she was dancing as she was

signing, and it was a brilliant performance on her part, alongside Rihanna, that made deaf people

and hard of hearing people able to engage with the event in a way that, normally, they wouldn’t be

able to (PI5).” Online platforms can offer features like closed captions and adjustable volume con-

trol, which can be crucial for people with hearing loss to fully experience the music. This contrasts

with in-person events, where these features are often unavailable, putting individuals with hearing

impairments at a disadvantage.

In addition, a few participants talked about the difficulties that large crowds and intense sensory

stimulation at in-person events can pose for individuals with certain disabilities or to those with

safety concerns. PI12 mentioned that online events are preferable for those who are sensitive to

noise and crowds. They explained that online events can provide a more controlled and comfortable

sensory experience, allowing individuals to adjust the volume, lighting, and other elements to suit

their needs. PI16 also explained:“If you are someone who is concerned about safety in public spaces,

I think that’s a very real fear to have. Especially, you see like Travis Scott, was it Astro World? That

huge crush of people and people died in a crowd at a concert. Or the Ariana Grande concert. If you

are concerned about that, you’re not going to get crushed in your house. So that’s a real benefit, I

think, if security and personal safety is a worry for you, then I think that’s a major benefit to having
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online events. And, if things in the US keep going the way that they’re going with shootings, then I

think that might become a lot more popular there (PI16).”

However, remote music events are not without challenges. Some individuals, like PI8, express feel-

ings of missing out when attending events remotely: “you just feel like you’re missing out.” For

example, PI2 described how a concert during the pandemic exacerbated their sense of disconnec-

tion: “because it was mid-Covid and I was already feeling pretty terrible about everything going on,

seeing that made me feel weirder, you realise what you’re missing out on and what could be hap-

pening. So I was like: Okay, this is too much for me right now. This is making me upset rather than

actually helping.” 11 survey participants mentioned technical issues like internet connectivity and

lagging as major frustrations. PS62 observed: “Lagging streams seems to be the biggest problem

as so many people are watching (PS62).” This is especially problematic during large events where

infrastructure can not support the audience size. PS42 explained: “Connection issues can make you

feel less a part (disconnected) from the experience (PS42).” Five participants reported that poor sound

and video quality further contribute to disconnection, with some stating they are unwilling to invest

in better audio systems just for music. Additionally, others noted that having to pay to interact or be

seen impacts perceived accessibility: “Possibly if [there is] aspects of voting and having to pay, I’m

aware some funds need to go towards it but it cuts off how accessible the event is (PS55).”

5.4.4 Sensory and emotional Immersion

Physical space transcendence

In-person music events are often celebrated for their ability to create liminal spaces –thresholds

where attendees step out of their everyday lives and into an extraordinary experience [419]. As PI16

articulated, “When you go to a music event [...] it feels very much like a liminal space. I like that it

doesn’t feel like part of the real world [...] and then you leave and then the world is normal again

(PI16).” These events allow audiences to fully immerse themselves in a setting governed by its own

rhythms and dynamics, enabling a heightened focus and connection to the music.

In contrast, remote music experiences, such as virtual concerts or livestreams, often struggle to

recreate this clear separation between the ordinary and the extraordinary. At home, the boundaries

between the immersive qualities of a music event and the distractions and interruptions of daily life

are blurred. PI15 highlights this tension: “It’s very easy to get up mid-song and go make a cup of tea if
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you want to, whereas you would never do that in a live performance (PI15).” The same participant went

on to explain that they often watch live events on VoD platforms while simultaneously doing other

things like sewing, knitting or cooking. Moreover, the ease of multitasking at home is amplified by the

constant availability of other media. PI16 explained that they might simultaneously watch a concert

and engage with social media or even work on their laptops. Such disruptions, noted by nearly all

interview participants and 6 survey respondents, can detract from the immersive potential of remote

events. The lack of social pressure and accountability that comes with attending a performance with

others in – person, further exacerbates distraction and disengagement during at-home attendance.

PI4 explained: “You’re with other fans, you feel you’re part of a collective, [...] A digital experience,

it’s a bit more passive [...] It feels a lot more easy to become disconnected, because the environment

doesn’t lend itself. When I’m watching live music, I’m in that moment with others. So, it’s really hard

to be like, “Oh what’s on my phone?” But, when you’re in your bedroom, even if it’s my favourite band,

I might walk off to the toilet or to get a drink, and it’s much easier to switch off and not pay attention

because I am on my own. You lose that feeling that something – I don’t know if it’s a benefit, but you

definitely lose substance from being with others (PI4).”

Despite these challenges, remote music experiences offer distinct advantages, particularly in the

comfort and personalisation they afford [54] as mentioned by 16 participants in our survey. As PI9

observes, “It’s two different experiences: the ones at home, I watch them on the TV with the lights

off and warm clothes on my couch with my blanket, which was very comfortable. While at the venue,

it’s a different experience. It depends on what mood you are in, sometimes I would prefer the ones

at home, but sometimes I would prefer to be at the venue (PI9).” This flexibility allows individuals

to tailor the experience to their preferences and emotional state, which can enhance the sense

of enjoyment and intimacy. Participants also described efforts to bridge the gap between live and

remote experiences by transforming their homes into immersive environments. PI14 recounts, “I

connected the speakers I have here, so we are watching the screen and [...] you can start to feel

that vibe with the music pumping in your chest, but then again, you’re in your house, you can get

comfortable and do whatever you like and you enjoy with others (PI14).”

This phenomenon extends beyond sonic enhancements. During preparations for major events like

Eurovision and Glastonbury, audiences exhibit a remarkable commitment to physically transforming

their living environments. For instance, both PI12 and PI13 shared their experiences of turning their

homes into mini Glastonbury festivals: “Actually we’ve had our own Glastonbury quite a few times.

We’ve got our attic so it’s really dark. We’ve got a big cinema screen so we can create our own festival
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up there (PI13).” PI12 described how their partner decorated their entire garden and house to resem-

ble Glastonbury, using decorations, trinkets, and even grass-themed place-mats to create a holistic

festival environment. During the observation of Eurovision (O10) and the fan conversations on X, nu-

merous fans shared images of their homes and outfits, showcasing their efforts to harmonise their

personal spaces with the event’s ambiance, similar to experiences of watching Eurovision described

by PI14 and PI11. In such examples the event itself sometimes become secondary to the social inter-

action happening in the physical space, while at other points it becomes their focal point [415]. In

these ways, individuals actively strive to transpose the essence of live events into their own homes,

enhancing their immersive and social experiences while cocooning. While remote music events can-

not entirely replicate the liminal qualities of live concerts, our findings showcase how audiences

creatively adapt their home surroundings to match the immersive energy of live music.

Being ‘in’ the music

Live music at its core is a multisensory experience, immersing attendees in vivid sights, sounds,

temperatures and even smells. The scent of a venue, “the kick of the drums in your chest and the bass

and the flow of the people (PI2)”, – all these elements converge to create lasting memories. However,

the digital reality of remote music events often grapples with what can be termed as ‘sensory paucity’

– the diminished sensory richness in digital environments compared to real-world experiences.

Despite their high-quality visuals and audio, platforms like TV, Twitch, YouTube and Instagram Live

cannot replicate the immersion of in-person music events. This can lead to: “feeling disconnected

from the experience (PS10)”, and “like you are watching the event out of your window (PS2).” 13

participants identified this as a key limitation. PI18 emphasised, “In person music is more of a sensory

experience, whereas online it’s mainly seeing and hearing (PI18).” Discussing in-person events, our

participants vividly recounted their experiences, providing intricate descriptions of everything from

the scents in the air to the concert venue’s specific details. They recalled meeting people, and even

recollected details like the weather and the time of day. However, when reflecting on remote events,

participants had difficulty. Some expressed limited memories, with one participant stating, “I don’t

really remember much (PI3).” In contrast to the detailed recollections of in-person events, memories

of remote events tended to be more general, often centred on the music itself or the event as a

whole rather than specific moments. This was also evident in the survey, where all the responses on

memorable in-person music events were significantly longer and more detailed than the responses

about memorable remote music events. PI19 explained, “there’s just something about being in an
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audience with loads of other people [...] it feels more of an event, more of a memory (PI19).”

Moreover, in-person events inherently demand a level of commitment and effort, encompassing el-

ements like travelling to the venue, structuring one’s day around the event, and investing in tickets.

This investment, both emotionally and physically, magnifies the event’s significance in our partici-

pants’ recollections. This contrasts starkly with remote events, where these facets of commitment,

physical presence, and multisensoriality are often absent, leading to a different kind of memory and

overall experience, “I think there’s a lot more memories associated with [in person] music for me [...]

memories from when you get the ticket, up until the day before, or the day of, and then seeing it

(PI18).” This discrepancy in the depth of engagement between online and in-person viewing extends

to the perceived value and memorability of remote events. As PI6 points out, “People [online] may

RSVP, right? They may say that they’re going to go and then they forget about it [...] in a way that you

simply wouldn’t do if you had bought tickets to a real life thing. [...] You plan your whole day around

that (PI6).” Furthermore, these quotes subtly touch upon the paradox of choice. In the digital space,

the sheer volume of available content can be overwhelming. When everything is readily accessible,

the value of individual experiences can diminish. It is the classic quality versus quantity debate.

While we can watch countless events from home, the sheer volume makes it challenging to assign

distinct value to each, leading to a blur in memory.

Unlike screen performances, in VR environments, the experience is inherently more immersive, am-

plifying the sense of presence in the event. For participants like PI17, PI5, PI1 and PI10 who use full

body tracking, a ritual of preparation is required, contributing to feeling a deeper connection to the

event. PI17 explains, “When I actually put on the stuff [VR equipment] and kind of go in, VR actually

has that spatial aspect [...] and you kind of feel that you connect with the people a lot more (PI17).”

Participants described their VR experiences as vividly (or even more so) as the in-person ones. PI1

explained “people who don’t have VR, have no idea what we’re talking about [...] it’s so immersive to

be there. It really is another kind of reality, it’s not virtual anymore, it’s a reality (PI1).” This supports

findings by Onderdijk et al. [347], showing that attending a concert in VR leads to greater feelings

of physical presence than viewing a normal YouTube livestream. To increase their presence further,

two of the VR participants in our study mentioned using haptic vests, which convert musical beats

into vibrations, mimicking the tangible, visceral experience of music. However, despite VR’s capacity

for heightened immersion, it continues to face challenges in fully recreating the multisensory rich-

ness found in in-person events. Participants reported that “the physicality of music, most of all is

different. Not specifically the feeling of bodies around you, but the actual pumping of the base that
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is different (PI17).” The same participant goes on to explain that “I would say that the music feels

better in real life [...], but the actual music is probably better when I go to VR events.”

Overall, even though technology has its limitations in replicating the multisensory richness and

commitment associated with traditional in-person concerts, People continually seek authentic and

memorable experiences which might not depend solely on technology but on how these experiences

resonate with them on an emotional and personal level.

5.5 Discussion

Research on technology for remote music events has predominantly focused on performers [387],

or on audiences of specific events and platforms through a sociological lens [380, 481]. My study

aimed to bridge this gap, offering insights into how remote music audiences engage with, interact in,

and perceive these events, considering their unique preferences and challenges. By examining the

multifaceted practices and experiences of remote music audiences, my work informs the develop-

ment of more inclusive and engaging remote music experiences, enhancing both performer-audience

interaction and overall participation. In the sections below, I build on some of the findings (see Ta-

ble 6 for a summary of results) and extend them through a generative perspective by reflecting on

potential lessons our data offers. Based on this, I outline some insights and considerations for de-

signing remote music experiences. While the insights presented here are substantial, they are not

all-encompassing. Instead, they serve as a starting point, carving out a design space that future HCI

research can go into, aiming to refine and elevate the experiences of remote music audiences.

5.5.1 So how does one choose a platform?

The relationship between digital platforms and the types of remote music events they support

emerges from a dynamic interplay of factors, including music genre, performance style, platform af-

fordances, and audience expectations. Reviewers of this work in the past encouraged a specific focus

on genre, which indeed shapes audience engagement in both physical and virtual contexts [132, 163].

Although music listening has become more solitary through services like Spotify [204], live perfor-

mance, now often mediated by technology, retains its social essence, with genres influencing how

people gather and interact, [42, 193, 254]. Nevertheless, the findings indicate that while genre plays

a key role in guiding initial platform choices, no single factor acts in isolation. Instead, the final
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Table 6: Summary of findings from audience perspectives on remote music performances

Main theme Sub-theme Key findings

Social
connectedness

Community building
Audiences form remote music communities with shared rituals,
emojis, and platform-specific expressions—signalling group identity
and belonging.

Remote music concerts as
third spaces

Remote concerts offer accessible, safe spaces where people express
themselves through avatars, choose how they participate, and es-
cape social anxiety. Anonymity enables self-expression but can re-
sult in harassment and rule-breaking. VR spaces lack effective mod-
eration or shared norms.

Interaction with
the artist

Artist-audience inter-
actions as community
building blocks

Audiences seek closeness and recognition—shout-outs and intimate
formats increase perceived connection, though risks of parasocial
illusions remain.

Collaborative artistry, co-
creation and playful inter-
action

Audiences co-create through requests, commands, and games. Play-
ful exchanges enhance engagement and blur artist-audience bound-
aries.

Redefining here
and now
through remote
music

Temporal fluidity
Audiences pause, rewind, or time-shift events. Liveness becomes
layered—shaped more by shared chat and interaction than by real-
time presence.

Impossible music experi-
ences

Technology enables surreal, location-less performances and expres-
sive avatars. Fans embrace experiences that go beyond real-world
limits.

Accessing the inaccessible Remote events reduce financial, geographic, and physical barri-
ers—expanding access, especially for disabled or anxious attendees.

Sensory and
emotional
immersion

Physical space transcen-
dence

Remote events lack the liminality of live gigs, but fans recreate im-
mersion by transforming home spaces and tailoring sensory input.

Being ‘in’ the music Remote events offer fewer sensory cues and memories. VR enhances
presence and emotion but can’t fully match physical co-presence.

decision is shaped by a combination of motives, both artistic and practical. The performance’s goals

and scale, the audience’s technological comfort, and the artist’s available resources and creative

vision all interact. Thus, there is no universal ‘best’ platform. Instead, for those working in the space

it is important to weigh what they hope to achieve against what their audiences expect, then select

platforms whose technical capabilities and cultural norms best match these objectives.

Some platforms, such as VRChat and Twitch, naturally favour experimental performances common

in electronic genres like Drum N Bass or EDM. In these types of performances, the artist’s instrument

is not always visible, making immersive visuals essential [113]. These platforms enable rich sensory

experiences through interactive features such as real-time chat, emotes, custom overlays, and shared

3D environments where avatars move to the music). The focus becomes less about the artist close-

ups and more on creating a shared, synchronous experience, aligning with the music’s emphasis

on atmosphere, rhythm, and communal participation [452]. This encourages social bonding through

synchrony in music, interaction, play and dance [268, 321]. Moreover, in these types of performances

the goal of the artist themselves in not so much to attract a big audience but more about attracting

a dedicated audience that interacts and plays with them throughout.
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In contrast, platforms like YouTube, StageIt, and Veeps support artist-centric, visually rich perfor-

mances appealing to fans of rock, pop, or other genres that emphasise an artist’s physicality, person-

ality, and emotional expression. In these types of performances, our results indicate that fans are

often drawn more to the artists themselves than to the overall experience of the music stream, mak-

ing artist visibility paramount. The affordances of these platforms, including high-quality video and

audio, as well as the more curated content they provide, enable this. The emphasis on artist-focused

visuals aligns with the importance of performer presence in rock and pop music, where charisma and

stage persona play significant roles. Our participants highlighted that being able to see the artist up

close enhances their emotional connection and engagement with the performance. Social aspects

and emotional proximity are further enhanced through interactive features like real-time comments

and live chats. These tools facilitate direct interaction between artists and fans, fostering a sense

of intimacy and community. This suggests that tailored interactive tools can (to some extend) ef-

fectively recreate the communal feel of live gatherings [44], especially in genres where fans value

close emotional proximity to performers Følstad et al. [154]. Monetisation opportunities also play

a significant role in platform choice for these genres with fans often willing to purchase tickets to

support their favourite artists and gain access to exclusive content. This willingness to pay reflects

a commitment similar to attending physical concerts.

Performance style and event scale further shapes platform suitability. For example, acoustic ses-

sions from home thrive on platforms like Instagram Live where the casual nature of the interface

encourages spontaneous and intimate interactions. Both emerging and established artists of any

music genre use these platforms to deliver informal, personal concerts – often just the artist and

their guitar – that offer a close sense of intimacy. The casual settings and direct interaction features

enable artists to connect with fans on a personal level, replicating the feel of small venue gigs or

acoustic sessions [154]. Our participants valued this direct engagement, appreciating the authenticity

and immediacy of these performances. Artists often respond to comments in real time, enhancing

the sense of closeness and fostering a strong sense of community. Larger-scale hybrid events with

substantial budgets, such as Eurovision, and formal concerts, by contrast, are better suited to plat-

forms like YouTube, VoD or bespoke systems designed for high-production and value performances.

These platforms provide polished, high-quality recordings, catering to audiences who value fidelity

and formality. In these contexts, spontaneity is less expected; instead, the emphasis is on deliver-

ing seamless, uninterrupted experiences. VoD platforms offer features like multiple camera angles,

high-definition video, and superior sound quality. Interactive features are minimal, aligning with

traditional concert etiquette where the audience’s role is to observe and reflect rather than interact.

151



This setup mirrors the contemplative nature of classical music appreciation, allowing audiences to

immerse themselves in the performance without distractions.

Audience expectations and technological literacy also shape the final platform choice. VRChat at-

tracts a tech-savvy and community-oriented audience accustomed to the platform’s social dynamics

and eager for immersive experiences. Twitch caters to viewers familiar with its real-time chat and

participatory culture, often drawing from the gaming and streaming communities who value immedi-

ate feedback and a sense of shared experience. Conversely, audiences engaging with VoD platforms

like BBC iPlayer may prioritise polished, passive viewing experiences, as these platforms cater to

contemplative engagement with minimal interactivity. The artists’ goals and resources are also im-

portant here. Independent artists lacking major production budgets may prefer Instagram Live for its

simplicity and direct artist-fan dialogue. More established acts, able to afford staff, equipment, and

dedicated streaming engineers, can explore platforms with advanced customisation, ensuring they

deliver experiences worthy of their brand identity. Artists who like to experiment with technology

and like to try new things can explore platforms that allow them to ‘edit’ their performance, either

through introducing custom plugi-ns, creating new types of sounds or letting them co-create with

their audiences.

Overall, my findings suggest that while genre provides an entry point for understanding platform

alignment, it is the interplay of multiple factors — performance style, platform features, audience

needs, and technological literacy — that ultimately determines the suitability of a platform for a

given performance. No single platform can effectively accommodate all types of remote music per-

formances. What works for an immersive electronic music event may not suit a formal classical

concert or an intimate acoustic session. VRChat and Twitch support immersive, interactive experi-

ences. The diversity signifies the importance of designing and selecting platforms that are adaptable

and responsive to artists’ goals and audience preferences. In doing so, it can enhance engagement,

encourage authentic connections, and create more memorable experiences.

5.5.2 When and what spontaneity to seek for?

Facilitating spontaneous interactions is crucial for engaging audiences in remote music settings, of-

fering the unpredictability and liveliness associated with live music events [190]. Traditional concerts

are rich with spontaneous moments – unexpected encores, improvisations, and unplanned interac-

tions – that create memorable experiences and deepen the emotional connection between artists
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and audiences [167, 272, 498]. The surprises and imperfections, occurring before, during, and after

performances, make each event unique and it resonates with attendees long after it concludes.

In contrast, remote events sometimes offer fewer opportunities for spontaneous interaction, which

can impact the overall audience experience. Moreover, the immediacy of accessing a virtual perfor-

mance with a single click further bypasses the traditional audience journey where memorable ex-

periences often happen [181]. Without spontaneity, virtual performances can feel scripted and less

engaging, limiting the unexpected joys characteristic of live music. Research shows that spontaneity

in entertainment is perceived as more authentic than scripted experiences, adding dynamic energy

that counters the predictability of virtual performances, even if it may suggest lower production

quality [383]. Our results indicate that expectations for spontaneity in remote music performances

vary based on the event format (fully remote vs. hybrid) and event style (informal vs. formal), in-

fluencing how audiences prefer to interact with the platform and the performance itself. This aligns

with findings of studies in different live-streaming contexts, such as in gaming, that found that the

type of interactivity audiences and streamers seek for is dependant on the stream type [274].

In fully remote, informal events (i.e., events where the artist performs in an informal setting – per-

haps their bedroom) which mostly take place on platforms like Twitch, Instagram live or VRChat, the

platform becomes the primary venue, taking on the role of both the physical and social environ-

ment of the event. Here, audiences actively seek both audience-driven spontaneity (e.g., real-time

chat, live reactions, playful interactions) and artist-driven spontaneity (e.g., unscripted shout-outs,

unexpected setlist changes) to replicate the communal and lively energy of a live event. To enhance

the audience journey in these settings, designers and artists can incorporate pre-event activities to

build anticipation, such as interactive countdowns, teasers, or behind-the-scenes glimpses. During

the event, platforms should prioritise flexibility of interactive tools that allow both audiences and

artists to engage in real time, including live chat, adaptable visuals, and audience feedback options,

to recreate the unpredictable atmosphere of an in-person experience. Moreover, platforms could

consider multi-modal and non-textual modes of interaction [157] such as sketches [293], snapshot-

based interactions [522] even audiences being able to participate in the event as avatars [99]. Flex-

ibility of interaction within platforms for audiences and musicians alike could amplify engagement

and nurture playfulness [5] and spontaneity, giving users power to shape their experiences either

at an individual or collective level [226], similar to other livestreaming contexts such as outdoor

streaming [292] or e-sports [278].

In fully remote, formal events (i.e., events that are specifically staged and curated), which often take
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place on bespoke streaming platforms like Veeps and StageIt, our results suggest that audiences

expect a polished, consistent experience over spontaneity. In these settings, structured interactions

are more suitable, allowing viewers to feel as though they are watching from the venue. Selected

moments of spontaneity, such as an artist’s acknowledgment of the online audience, can connect

without detracting from the formality [204]. For formal, fully remote events, platforms could focus on

high-quality streaming and limited but meaningful spontaneous interactions, such as curated Q&A

sessions or artist acknowledgments, to maintain the formality and polish expected in these settings.

For example, Oxjam’s virtual festival design demonstrated how integrating dedicated volunteer roles

can enhance the remote audience journey by managing technical support, guiding new audience

members, and facilitating live chat – elements that helped recreate the organic interactions typical

of in-person experiences [41]. Volunteers acted as the “invisible” infrastructure that connected artists

and audiences, responding in real-time to queries and enhancing the social aspects of the event.

In hybrid events (i.e., events that take place physically but are streamed remotely too), on platforms

like YouTube or VoD when there is both an in-person and a remote audience, our data showed that

spontaneity expectations tend to be lower for remote viewers, who often see their role as spectators

of the in-person experience. This is in line with Lai and Hespanhol [265]’s work on hybrid cultural

spaces, which suggests that remote audiences in hybrid contexts often engage as observers instead

of active participants, expecting a polished experience rather than frequent interaction. However,

we found that during such events remote viewers sometimes create “micro-festival” environments

at home, with thematic decorations or even small watch parties to capture a shared ambiance, and

the screen the live-stream is played on becoming a focal point the experience centres around [415].

Platforms for can support this audience preference by focusing on high-quality streaming, with op-

tional AR-driven customisation kits [489] that allow viewers to personalise their spaces without rely-

ing on high interaction from the platform – a strategy that can enable co-located interactions while

enhancing the overall event experience, similar to the one proposed by Reig et al. [377].

Through integrating considerations of the audience journey and tailoring strategies to each event

type, designers and artists can enhance spontaneity and create more engaging and authentic remote

music experiences. Recognising that memorable events are not solely about sensory immersion

but also about shared stories, unexpected interactions, and the overall journey can bridge the gap

between virtual and in-person performances, ensuring that even in a remote setting, audiences feel

a genuine connection, capturing the essence of live events.
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5.5.3 Audience size matters

Audience size in remote music events fundamentally alters the dynamics of engagement [496]. On

smaller events, especially on platforms like Twitch and VRChat, viewers have more time to interact

and build virtual communities through regular participation [188]. This fosters a deeper connection

with the artist, enabling easier shout-outs, that take the form of reading out comments, re-posting

stories or, in the case of VRChat, a nod. Such moments, fleeting as they might be, can amplify the

sense of connection and in turn can make the experience feel more intimate, which in turn could

lead to attending more events [181, 372].

On the contrary, during larger events, individual interactions can become transient, often lost in the

sea of comments. On platforms like YouTube, comments tended to be shorter and repetitive, often

seemingly unrelated to each other. For some, this type of interaction accommodates for a differ-

ent kind of coherence, dubbed by Ford et al. [155] as a ‘crowdspeak’ that prioritises crowd-based

interactions over interpersonal conversations. For others, this could lead to interaction being ‘less

meaningful’ and random, and to events being considered by some scholars as “unsuccessful large-

scale interaction rituals” [481]. Moreover, as events scale up in size, the “feeling seen and heard by

the performer”, although more exciting, becomes a challenge. In larger events, the sheer volume

of attendees makes individual shout-outs impractical. Recently, platforms like Twitch have auto-

mated their shout-out systems [423] to assist the performers with managing their interaction with

the audience, but the impersonal nature of automation could dilute the value of such recognition.

To mitigate some of the challenges that come as audience numbers grow, designers could draw in-

spiration from events like Eurovision, where fans often create their own local viewing parties and

think about grouping participants into smaller communities or ‘viewing pods’. Platforms could facili-

tate the formation of such groups based on interests, location, or mutual connections [349]. A similar

approach was taken by Kiswe during the BTS “Permission to Dance Onstage” livestream which was

watched by more than a million viewers and was received positively by fans45. This can also ex-

tend to group shout-outs by the performer. Platforms like VOLTA XR are already experimenting with

this approach, with some of their events having accumulative effects (i.e., effects that trigger on the

screen behind after a number of audience members input commands together and are visible by the

performer who then has the ability to acknowledge the group). Such collective acknowledgements

could ensure that fans experience a feeling of social connectedness [450] and belonging.
45https://www.fastcompany.com/90694362/kiswe-livestreaming-bts
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5.5.4 The illusion of closeness between audiences and artists

The findings reveal a discrepancy between the perceived intimacy audiences feel during remote

music events and the actual level of connection with the artists. Current digital platforms offer

audiences a chance to engage in a ‘one-and-a-half’ sided relationship, where they message artists

in real time and occasionally receive a direct response [261]. Participants talked enthusiastically

about moments when artists acknowledged them (e.g., reading out their usernames or fulfilling song

requests), which enhanced the feeling of a one-to-one connection. This was further amplified when

artists actively invited fans to become part of the creative process (e.g., by suggesting lyrics).

However, the sense of intimacy in remote music streaming can be questioned. This reflects the con-

cept of parasocial relationships, where audiences form emotional bonds with media figures, who

remain unaware of their individual fans [220]. The ease of digital communication can blur the lines

between genuine engagement and the illusion of a personal relationship. Even when participants

recognised they were ‘just a username’, the emotional impact of being acknowledged was signifi-

cant. The pursuit of intimacy also drives monetisation on platforms like Twitch, where viewers pay

for shout-outs or to have messages highlighted, capitalising on fans’ desire for personal connec-

tion. While this enhances interactivity, it may exploit fans’ emotional investment, raising ethical

concerns about commodifying personal interaction [211]. To address this, platforms and artists could

further promote community-building features that encourage fan interactions, shifting focus from

direct artist-to-fan engagement. Transparency from artists about the nature of digital interactions

could help set appropriate expectations. These approaches can enrich the remote music experience,

ensuring it remains positive and mentally healthy for audiences.

5.5.5 Limitations

My research, while providing valuable insights into the world of remote music events from the lens

of audiences, has certain limitations that need to be acknowledged. Firstly, remote music events

are diverse, with countless ways for individuals to engage. My study’s limited sample size means we

have not captured all possible experiences. While I aimed for a comprehensive view, my findings

may not represent every audience type or experience. In addition, I focused on specific digital plat-

forms, which do not encompass the entire landscape. This might leave out nuances from unexplored

platforms. Moreover, since the study was about the broader design space I did not go deep to the
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platforms presented, so there are aspects of those platforms that I did not examine. Lastly, despite

my efforts to engage varied demographics, most participants were adults embedded in Western con-

text with good digital access. While these participants are among those more likely to access and

attend remote music events, it is important to acknowledge that the insights that came from the

study are, to a certain extent, a reflection of their socio-economic privileges. In addition, this means

that we have overlooked the practises of audiences from other regions such as East Asia where

platforms like BiliBili are popular for live streaming including music, and practices such as those of

VTubers are much more prominent [494, 497]. Future research should look into the practises of those

audiences, specifically related to remote music events [269]. I discuss more in depth the limitations

of the work in Chapter 6.

5.6 Conclusion and future work

In this chapter, I took an exploratory approach, where I focused on remote music audiences and the

platforms they use to attend remote music performances. My findings point out to insights, which I

hope, could provoke designers and researchers to investigate this space. I see value in sharing this

work now, when the research landscape remains relatively unexplored but interest in this space is

nevertheless evolving rapidly, especially after the massive shifts brought by the COVID-19 pandemic.
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Chapter 6

Remote Rhythms.

Audience-informed inspiration for

designing remote music events

Building on the findings from Chapter 5, this chapter explores how we can design technology that

aligns with the kinds of remote music events audiences truly desire. The previous study revealed

that remote music events address different needs compared to in-person experiences. Nevertheless,

on many occasions, audiences still long for experiences that leave a lasting impact on them. In this

chapter, I aim to unpack the desire to shift remote music events from content consumed and watched

to content that is lived and experienced. Firstly, I draw upon the data from Chapter 5 to identify a

list of elements people value in their music event-related experiences that can guide and inspire

designers in this domain. To enrich this understanding, I introduce a participatory design workshop

conducted with a diverse group of stakeholders. Participants were provided with some of the original

data from Chapter 5 and were encouraged to embody and instantiate them by developing their own

design concepts. The resulting concepts, together with a subsequent discussion, are mapped to the

identified design elements with an analysis of how each idea aligns with, challenges, or expands

them. I conclude by discussing the implications of these findings for future technology development

in remote music experiences. I articulate specific design insights, encapsulating the insights from

the previous study and the workshop. I also reflect on the work conducted in the two chapters and

the methods I followed. Overall, I hope this chapter provides inspiration to designers who want to

design remote music experiences, taking inspiration from audiences that already engage with them.
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6.1 Methodology in a nutshell

The work presented in this chapter consisted of two phases. I began with the aim of identifying

the things people desire when attending remote music events. For this, in Phase 1, I utilised the

qualitative data gathered in Chapter 5, to extract a set of recurrent elements with inspirational value

for designing remote music experiences. The analysis surfaced a list of 17 elements, grouped into four

themes, that people deemed important for engaging in remote music events that transcend watching

to become immersive experiences. Phase 2 involved an in-person participatory workshop where I

invited diverse stakeholders to imagine the future of remote music experiences, using our original

data as starting points. The aim was to explore the potential and challenges in this space, while

also identifying any critical lenses or viewpoints we might have overlooked. I was interested in: (i)

understanding how different individuals interpreted our initial data, (ii) uncovering new perspectives

and insights, (iii) validating the identified elements, and (iv) gaining a comprehensive understanding

of their utilisation by stakeholders. I then looked into the ideas generated during the workshop,

analysing how they emerged and how they relate to the elements identified in Phase 1. This phase

involved a detailed discussion of each idea, examining how it aligns with, challenges, or extends the

identified elements, thereby offering an understanding of the design opportunities in this domain.

The process was enriched by discussions with stakeholders, which highlighted certain elements as

more or less significant and brought forth new elements that had not been previously considered.

The culmination of these phases led to the synthesis six overarching design insights.

6.2 Phase 1: A list of design elements for remote music experiences

Phase 1 builds directly on the findings from Chapter 5, where I explored audience perspectives on re-

mote music events. The themes identified in that chapter provided a foundational understanding of

what audiences value in these experiences, such as social connection and meaningful engagement.

The themes reflected broader dimensions representing aspects of audience desires.

To translate these themes into actionable prompts for design, I conducted a secondary, design-

oriented analysis of the original dataset (interviews, surveys, and field observations). My aim was to

extract recurring ideas that could inspire future technological interventions: frustrations with current

platforms, imagined features, or desires for more immersive interaction. This process focused on a
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subset of participants who expressed a clear wish to engage more actively in remote events and cited

the lack of such engagement as a key reason why these events often feel less enjoyable or memorable

than in-person ones. I undertook this analysis collaboratively. I discussed the emerging groupings

with Dr. Alexandra Covaci, my collaborator Dr. Boyd Branch, and an undergraduate research assistant

who had previously supported the study. Together, we iteratively refined the categories, discussing

whether the patterns I observed reflected meaningful distinctions, and where thematic overlap could

be resolved or used constructively. The conversations ensured the elements were not developed in

isolation but were shaped through dialogue and interdisciplinary feedback.

The result is a list of 17 design elements, clustered into four overarching themes. In the section that

follows each element is introduced with a summary and supported by indicative quotes. Interview

participants are named as PI1-25 and survey participants are named as PS1-67. I chose to present

the data in this way, not quantified, because the goal of this phase was not to generalise statistically,

but to inspire design. Rather than trying to determine how many people said a particular thing, I

focused on what kinds of things they said that pointed to possibilities or unresolved tensions. The

quotes I included are representative of broader patterns across the dataset, but they are also chosen

for their clarity and potential to prompt reflection or action. This was a deliberate methodological

choice. The aim here is not generalisation but generation: to open up possibilities for designing

remote music experiences that better reflect what audiences hope such events could become. This

approach also aligns with practices in design research and HCI, where user stories and evocative

examples are used to communicate insights with design relevance [6, 7, 8].

6.2.1 Social connectedness

The analysis suggests that remote music events are creating opportunities for a new kind of online

community. However, the potential for genuine social connectedness remains underdeveloped due

to the limited availability of tools specifically designed to support these interactions. While cur-

rent platforms use features like live chatrooms and social media integration, participants expressed

a strong interest in more meaningful interpersonal connections within the context of music. In-

terviews and observations revealed a desire to explore each other’s musical preferences, engage in

collaborative activities, and enable spontaneous social exchanges. Unlike traditional online commu-

nities, which often form around forums or private groups, or gaming communities, the community

that emerges around remote music events is largely situational and embodied. It forms during the

live event, shaped by the performance’s energy and the shared experience of real-time interaction
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(through emotes, chat, avatars, or collective rituals). Such connections are emotionally resonant and

socially rewarding, driven by a shared atmosphere rather than sustained conversation or achieve-

ment. The community is fluid, anchored in the moment of the event rather than persistent across

time.

These findings align with research by Onderdijk et al. [347], which explored how agency, presence, and

social context shape audience experiences in virtual concerts. That study emphasised the value of

shared agency and the role of visual and social cues in creating a sense of connection. Platforms like

Zoom, which allow visual interaction among participants, were found to enhance the feeling of social

presence and strengthen relationships within the audience. Building on these insights, my work

identifies the untapped potential of existing digital platforms to support community-building while

emphasising the need for new approaches. Based on the findings, I have identified four elements in

Table 7 that are essential for creating deeper social connections during remote music events.

6.2.2 Interaction with the artist

Remote settings offer unique opportunities to enhance and evolve the relationship between artists

and their audiences, as highlighted by Leshem and Schober [273], who showed that empathetic

concern allowed listeners of an improvised jazz concert to experience emotions similar to the per-

former’s emotions when listening to the audio recording online, although it did not facilitate shared

emotions in the live concert setting. This seems to indicate that empathetic concern may facilitate

greater emotional understanding in digital environments. Currently, audiences leverage digital plat-

form features such as live chats, reactions, and social media integration to engage with artists, and

this fosters a sense of connection and agency during virtual events. Previous research identified var-

ious elements that enhance this connection. For instance, Onderdijk et al. [347] found an increased

artist-audience connection when audiences hear their favourite songs or attend VR concerts. My

findings expand on these insights by identifying additional elements that contribute to deepening

this bond such as providing opportunities for co-creation, and insider access to behind-the-scenes

content. While existing digital features provide a foundation for interaction, there is scope for the

development of new tools and features, as revealed by our participants. The four key elements

identified for enhancing the connection audience-artist are detailed in the Table 8.
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Table 7: Design elements and design recommendations for fostering social connectedness in remote music events

#1 Tune in to ‘kindred’ connections

Audiences reported an enriched experience when they were able to connect with others who share commonalities,
whether through shared comments or digital experiences. This fostered valuable outcomes, such as user-generated
music recommendations, friendly exchanges, and prolonged discussions within the online musical community. Nev-
ertheless, on current platforms, the task of identifying commonalities and forging connections can present significant
challenges.

Participants said: “The fact that other audience members can participate and say things or ask questions, or do
reactions that you also might be feeling.[...] I think that helps [...], you kind of connect with that reaction as well from
the other person (PI15).”; “watching it together [...] I felt like I was part of the group, in it, in the tribe (PI4)”; “I’ve made
so many friends (online) that I just want to hang out with [...] exactly the same reason why I would go out with friends
in real life (PI10).”

Designers could enhance the sense of community within remote music platforms by enabling users to easily identify
and bond with people who share their musical preferences. The goal is to foster a sense of camaraderie and belonging
that extends beyond the duration of the performance, turning virtual concerts into hubs of shared experiences and
lasting connections.

#2 Orchestrate synchronised engagement

A core part of the communal experience at many performances comes in the form of synchronised action. Although dig-
ital contexts lack the inherent physicality of in-person concerts, audiences mentioned appropriating existing features
within digital platforms (i.e., using the same emojis simultaneously) as resourceful means to encourage synchronisa-
tion.

Participants said: “A lot of streamers have created their own emotes now to inside community jokes and stuff like
that [...] Something bad happens, everyone spams an emote, they’re like, making fun of everything. Something good
happens, they, again, spam and hype the thing up (PI2)”; “There’s a snowflake emoji that people throw at the DJ if they
really think it was a good set (PI5).”

Designers could amplify synchronised actions in virtual music experiences by incorporating interactive features that
foster coordination among participants, either by empowering fans to initiate and coordinate synchronised actions
among themselves or by providing tools for artists to initiate such actions in ways that are meaningful to their perfor-
mance.

#3 Encourage play

There is natural inclination for audiences and artists to seek and create their own entertaining experiences during re-
mote music performances. Audiences often appropriated features of existing digital platforms for playful interactions,
engaging in impromptu activities both among themselves and with the performers.

We observed various forms of emergent play including: spontaneous interactions such as play with words during chat
conversations; emoji patterns and chants; and structured forms of play such as fans and artists creating their own
games and challenges during the performance. Participants said: “There’s also a YouTuber [...] who asks audiences to
give him three to five words and raps using those three to five words (PI2).”

Designers could facilitate play, perhaps by creating more open-ended and flexible features within the digital event
space that allow both audiences and artists to engage in playful behaviours. This would enhance the enjoyment of the
event, creating a sense of community and shared creativity, turning the remote music event into dynamic, interactive,
and playful experiences.

#4 Freedom for self expression

In remote music performances, attendees have a multitude of creative tools at their disposal, including avatars and
pseudonyms, that allow them to explore and express facets of their personalities. Nevertheless, enhanced freedom of
expression brings its own challenges, notably in managing disruptive behaviour.

Participants said: “People can definitely express themselves more [...] people who because of different reasons, don’t
want to go out in real life [...] can just be in a safe space basically (PS40)”; “ I can be more myself here. I have my avatar,
they have their avatar, they can be a woman or a man, they can be whatever [...] it doesn’t really matter (PI4).”

Designers could encourage constructive and respectful self-expression while mitigating potential disruptive be-
haviours such as creative moderation tools; integration of subtle prompts within events encouraging positive interac-
tions and discouraging disruptive behaviour; or introduction of digital etiquette guides.
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Table 8: Design elements and design recommendations for encouraging interaction with the artist

#5 Intimate encounters

Audiences frequently emphasised the importance of creating a sense of closeness with the artist, a dynamic they
viewed as distinct from in-person events. Unlike traditional live events where the scale and setting might limit personal
interaction, remote events were seen as an opportunity for fans to feel a personal connection with the artist.

Participants said: “I think the strength of remote technology for music events is exactly the creation of the feeling
of a one-to-one connection with the artist and the intimacy that comes with it! (PS42)”; “It’s just you and them, you
see them up close and personal even if you are miles away [...] you have your own emotional moment with the artist
(PI18).”; “It actually felt really indulgent because you just had that person in your living room. It felt like a personal
concert, there was no one else watering that down (PI12).”

Designers could emotionally resonate with the audience and foster intimate moments between them and the per-
former, making each remote music event feeling like a special, tailor-made experience for every attendee.

#6 Feeling ‘seen’ and ‘heard’

When attending a music performance (whether offline or online) a highly valued aspect reported by audience members
is receiving recognition from the performer such as a “shout out”, which could be attributed to (i) the audience’s wish
to feel a closer connection to the performer and (ii) the desire for recognition and a sense of importance.

Participants said: “The fact I could just tap on my phone and send the artist I’m watching a message, and I know it’s
going to pop up in front of his face at some point. Knowing that you are almost like apprehensive about touching your
phone in the wrong way, in case you accidentally send the wrong emoji or whatever. I think that was quite exciting
(PI15).”

Designers could enhance audience engagement by amplifying the perceived rewards of participation and deepening
the perceived one-to-one connection between audiences and performers. Designers could think about introducing
features that expand the variety, visibility, and scalability of shout outs from the performer.

#7 Co-creation and collaborative artistry

Audiences can directly contribute to the creative process, from influencing setlists to submitting original content. This
collaborative approach is highly valued by audiences, as it deepens their connection with the artist, making them
active participants in the artistic experience rather than passive consumers.

We observed various forms of emergent play including: spontaneous interactions such as play with words during chat
conversations; emoji patterns and chants; and structured forms of play such as fans and artists creating their own
games and challenges during the performance. Participants said: “Snow Patrol... had Saturday Sessions where he
would... interact with the audience on Instagram lives. He would ask the audience for lyrics, and a song emerged from
that, crafted from the lyrics provided by their fans (PI9).”

Designers could actively encourage audience participation, integrating features that allow audiences to contribute to
the performance in real-time, such as providing lyrics, influencing visuals, or even affecting the music itself.

#8 Behind the scenes and origin stories

Reflecting the dynamic relationship between artists and their audiences, the desire for deeper contextual under-
standing and interaction is evident among music enthusiasts, The digital space offers unparalleled opportunities for
deepening the artist-audience connection through behind the scenes and background stories.

Participants said: “Sometimes I’d like maybe a bit more information about the artist or something. Not lots, but just
something, rather than just the actual concert. A bit of background (PI12).”

Designers could enable artists to share their stories and background information more easily and interactively during
performances incorporating features like live chat, Q&A sessions, and behind-the-scenes content seamlessly.
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6.2.3 Redefining the here and now

Digital platforms like Twitch, Instagram Live, and VRChat are redefining the concept of ‘live’ in music

performances. They offer dynamic participation in live events, unbound by physical presence or

traditional temporal constraints. Audience engagement varies: some viewers stay synchronised with

real-time broadcasts, while others utilise the flexibility to pause or rewind. This flexibility reshapes

what ‘live’ means, allowing to pause a live stream and dissect, discuss, and deeply engage with

specific moments as they unfold. My observation supports the idea from Hammelburg [190] that

the meaning of ‘live’ in a mediated, digital context is constantly evolving and being re-defined. The

ephemeral nature of remote live music brings unique opportunities as it challenges the limitations

of the physical world, but at the same time, it can make remote music events feel less memorable

as they could be considered less of an experience. In Table 9, I present four elements that point to

areas of intervention in the context of temporal and spatial fluidity, as emerging from our data.

6.2.4 Sensory and emotional immersion

Traditional live music is a deeply multisensory experience, enveloping attendees in vivid sights,

sounds, temperatures, and even smells. The scent of a venue, “the kick of the drums in your chest and

the bass and the flow of the people” – all of these combine to create lasting memories. In contrast,

remote music events often lack this sensory richness, leading to what can be termed as ‘sensory

paucity’. This gap in digital environments can significantly diminish the depth and impact of the ex-

perience. The importance of sensory engagement is echoed in studies like the work of Phillips and

Krause [359], which examines the future of classical music livestreaming and highlights how sensory

elements enhance digital engagement. Similarly, Hu and Ma [223] explores how sensory language

(e.g., words like ‘tasty’ or ‘smooth’) used by virtual streamers can shape consumer responses, rein-

forcing the role of sensory input in online interactions. My findings reveal a similar longing among

audiences for deeper, more immersive experiences in remote music events. Participants expressed

a desire for holistic engagement – an experience that goes beyond simply hearing and watching to

truly captivate the senses and emotions. The craving for sensory and emotional depth underscores

the unique power of music when it engages multiple facets of human perception and feeling. It also

points to the need for remote music events that are not only seen and heard but truly felt. Under

this theme, I identified five key elements, which are presented in Table 10.
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Table 9: Design elements and design recommendations for temporal and spatial fluidity in remote music performances

#9 Remote liveness

The concept of liveness in remote music experiences is not a binary of “live” or “not live.” Instead, it exists on a
spectrum, ranging from fully pre-recorded concerts to interactive, real-time performances that can be accessed from
anywhere. This significantly influences audience behaviour by offering distinct opportunities for interaction, shaping
how audiences participate, connect, and derive meaning from these digital performances.

Participants said: “Once you start immersing yourself in the possibility space you have the ability to start sort of
layering levels of reality on top of each other, like this sort of layering of temporally things that happened in the
past happening alongside what you’re experiencing right now and sort of layering on previous audiences onto the
experience for example (PI6).”

Designers could explore the flexibility of this space. For instance, they can enable users to leave messages, reactions,
or digital artefacts for future audiences or for themselves to revisit during anniversary events, creating a layered
experience of past, present, and future interactions.

#10 Discovery and recommendation

The broad access to digital performances can sometimes lead to an overwhelming choice for audiences. Navigating
this digital terrain often requires insider knowledge, especially in platforms like VRChat. Participants in our study
mentioned the need for more intuitive guides and curatorial tools that can help streamline the discovery process.

Participants said: “There was no event calendar and thousands of things are going on. That’s the complaint of new
users. Where do I go? [...] so the organisation of the actual interface to allow people finding events and people that
they want to engage with, that’s very important (PI8).”

Designers could implement more nuanced discovery and recommendation systems, which strike a balance between
suggesting events based on a user’s established preferences and introducing them to new genres and artists, enhanc-
ing their musical exploration without overwhelming them.

#11 Concept performances

Participants in our study reported on attending innovative, technology-driven concept performances that transcend
the abilities of live in-person events. For instance some attended Fatboy Slim’s EatSleepRaveRepeat VR concert, where
they were driving in a roller coaster through the artist’s mind.

Participants said: “You could create these really cool concepts and then share them as an online event, which you
wouldn’t be able to do on a stadium tour. So, [...] if they shifted the goal to be like, okay, virtual events are going to
be more technological and more conceptual and they don’t have to deal with the practical issues of crowd control or
rain (PS61).”

Designers could allow artists to create and craft unique experiences that would not be possible in the physical space,
but are distinct, memorable, and engaging in their own right,creating a new genre of digital performance art.

#12 Accessible performances

Digital platforms have addressed live music accessibility concerns such as costs and physical constraints, making it
feasible for individuals who may have otherwise been unable to attend such events. As highlighted by our participants
remote music performances democratised access to live music.

Participants said: “Live events are often held in locations that can be challenging to access[...] So you can see it
whenever you are, you just a Wi-Fi connection (PI11).” “It is really good that we do have technology options available
to make it more accessible for people that would be really anxious [...] or if there was a disability that prohibited them
going (PI7).”

Designers could create more inclusive digital concert experiences that cater to diverse audiences, for example by
developing adaptable user interfaces that can be easily customised to meet individual needs with includes options
for larger text, high-contrast colour schemes, and simplified navigation for users with visual or cognitive impairments.
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Table 10: Design elements and design recommendation for encouraging sensory and emotional immersion

#13 Maintain physicality

While digital platforms offer convenience and accessibility, they frequently lack the tangible, physical elements and
sensory experiences that are intrinsic to live music events. This also extends to a lack of tangible memorabilia like
tickets or the inability to buy physical merchandise to remember the performance.

Participants said: “When you go to a live event, you just have print your tickets, you have the possibility to buy some
gadgets or maybe just have the flyer. It’s something silly, but there’s a tangible proof that you were there. On online
events, it’s quite different because how can you have a tangible thing back? I don’t know if they can improve something
like you participated in this event, we’re going to send you something physical, maybe some things you like a key chain
or something (PI9).”

Designers could infuse physical elements into the digital music experience, for example by distributing specially
designed kits to the audience before the event that include items that are synchronised with the performance, such
as wristbands that vibrate with the bass, LED lights that change with the music’s rhythm, or scented candles that
correspond with the concert’s theme.

#14 Engage the senses

Remote settings often fall short of replicating this level of sensory engagement, with the experience being limited to
what can be seen and heard through a screen and speakers, leaving other sensory dimensions untapped.

Participants said: “It’s more of a sensory experience with live music, online music it’s more just you seeing and hearing
it (PI18)”; “Watching a live stream is more just a visual and audio experience and even the visual part is just staring at
a screen rather than having, I dunno, pyrotechnics, and sure, you get that on TV, but when it’s in real life, you feel the
heat coming from the flames (PI2).”

Designers could engage the audience’s senses beyond sight and sound. By embracing multisensory design, designers
can transform remote music events from experiences that are heard and seen into fully embodied journeys that
transport the audience to a deeper level of connection with the performance.

#15 Embrace the home space

Attending a remote music event from ones own own space was considered one of the affordances of the digital
space; one that in-person events can not offer. Nevertheless, participants commented on the many distractions they
encounter when watching events from home which stop them from fully immersing themselves in the performance.

Participants said: ” I watch them on the TV with the lights off and warm clothes on my couch with my blanket, which
was very comfortable (PI9)”; “It’s very easy to get up mid-song and go make a cup of tea if you want to, whereas you
would never do that in a live performance (PI15).”

Designers could mitigate distractions and enhance the sense of presence and engagement during the performance for
example by integrating a smart home integration system with a focus mode that limits non-urgent device notifications
and suggests an optimal viewing setup, like dimming the lights or suggesting comfortable seating arrangements.

#16 From couch to the concert

Remote music events often lack this element of pre-event preparation, with attendees simply tuning in from their
homes at a designated time. This ease of access can inadvertently diminish the overall experience. The absence of
transitional rituals can also lead to a lesser emotional investment in the event.

Participants said: “So people may RSVP. They may say that they’re going to go and then they forget about it in a
way that you simply wouldn’t do if you had bought tickets [...] You plan your whole day around that. And the sort of
intangibility of the remote event means that I think it is the perceived value is less and therefore the skipability or
forget ability, I won’t, didn’t even think to put a reminder in my calendar for it (PI6).”

Designers could incorporate elements of pre-event preparation to help fans transition into a performance-ready state.
Designers could introduce features that encourage anticipation and preparation, such as virtual lobbies where fans
can ‘gather’ before the show, or customisable avatars that attendees can dress up.

#17 Exclusivity matters

Digital events democratise access, offering a more uniform experience to a broader audience. However, because the
content of digital events often remains available long after they have ended, this can reduce their sense of uniqueness
and worth.

Participants said: “ If there was exclusive benefits from it, maybe bonus prizes or rewards, its difficult because there is
so much free content out there, that there needs to be something that stands out for me to consider paying (unless I
really support the performance or am a big fan) (PI1).”

Designers could promote a sense of scarcity and value perhaps through availability only for a limited period or by
offering extra content to a restricted number of virtual attendees. Moreover, attracting a more engaged audience
willing to pay for premium experiences or tiered access could increase the revenue potential for artists.
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6.3 Phase 2: Stakeholder engagement in a co-design workshop

6.3.1 The co-design workshop

In Phase 2 of our project, I conducted a co-design workshop aimed at exploring and refining the

design elements for online music performance technologies that were identified in Phase 1. The

workshop brought together participants from different relevant backgrounds to interpret, ideate and

discuss, using our data. With the workshop, I wanted to empower stakeholders to contribute to the

research as co-design partners, actively involving them in the creative process of our research.

In organising this workshop, a strategic decision was made not to present the stakeholders with

the pre-identified design elements. Instead, I provided them with “how might we” questions and

selected portions of the raw data. The “how might we” questions were formulated by abstracting the

key insights or challenges that have emerged from the data. These are:

• How might we encourage shared audience experiences during remote music events?

• How might we preserve the atmosphere of live performance during remote music experiences?

• How might we enable meaningful interactions between audiences and musicians during remote

music events?

• How might we make remote music events more memorable?

This approach was designed to foster unbiased engagement with the data, encouraging stakehold-

ers to form fresh perspectives and original interpretations. It was also intended to stimulate cre-

ative thinking and minimise confirmation bias, avoiding the influence of our own analysis on the

stakeholders’ ideation process. More importantly, our methodology allowed me to observe whether

certain elements we had identified would naturally emerge in the stakeholders’ discussions, high-

lighting which elements were most resonant and significant to the stakeholders, and providing a

deeper understanding of the most prevalent aspects in designing for experiential engagement in

remote music events. By involving stakeholders in this manner, I aimed to value their insights and

promote a sense of ownership in the research outcomes, ensuring that the outcomes were organic

and reflective of a diverse range of experiences and perspectives.
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Figure 28: Deck of cards used at the remote music audiences workshop with stakeholders that featured bits of data.

Creation of data card deck. To provide participants with the “how might we” questions and the raw

data, I devised an approach based on insights gained from prior workshops I facilitated, such as

the one described in [118]. In these previous workshops, I observed that participants struggled with

ideating speculative ideas from scratch when provided only with guidelines but no tangible material.

To address this challenge and facilitate more productive discussions and idea generation, I took a

proactive step and I designed a deck of cards based on the “how might we” questions and the raw

data. This card deck was designed to serve as starting points, thus aiding participants in navigating

conversations surrounding our data and offering essential support for their ideation and prototyping

processes (refer to Figure 28). The deck includes 44 cards 46:

• Four cards with the How might we...? questions that emerged from our data. On the reverse

side of each card, I included curated quotes sourced directly from participants.

• Five sub-groups of cards, one for each of the following broad data categories: i) challenges; ii)

opportunities; iii) aspects to consider when designing technology for remote music experiences;

iv) technology and v) ideas. Each group contained 8 cards. These cards were designed with the

category name displayed on the front, while on the back, they had participant quotes extracted

from the most prevalent codes that had emerged from our data analysis.

Participant recruitment. I recruited 12 participants (ages between 18-40, 5 male, 6 female, 1 non-

binary) for the co-design workshop through personal and professional networks (see Table 11. I

reached out to people that I believed would be able to contribute meaningfully to the discussions

around my work as well as bring a diversity of perspectives. Moreover, I selected people who were

able to attend an in-person workshop. These included remote music audiences, musicians, DJs, de-
46the workshop materials are uploaded here: https://shorturl.at/ejDEW
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signers, digital artists, researchers (in multisensory experiences, VR, AI and media) and event organ-

isers. All participants self-declared as frequent concert-goers and had experience attending remote

music performances. Moreover, their diverse involvement in the music industry, ranging from per-

forming to organising, enriched the depth of perspectives and insights they brought to the workshop

(see details about the occupation and relevance to the study of our participants in Table 11). Par-

ticipants had diverse cultural and professional backgrounds. They came from 8 countries including

Taiwan, the United Kingdom, South Korea, China, Romania, France, Portugal and the Philippines. All

participants are currently living in the UK. Table 11 gives a detailed description of participant occupa-

tions, their relevance to the study, and the groups they were assigned to. Two additional researchers

were present at the workshop: myself, as the workshop facilitator and a researcher who documented

the process.

Table 11: Participants and groups for the remote music audience co-design workshop.

Group P.ID Occupation Relevance to the study

Group 1: P01 VR Researcher Avid watcher of Twitch streams

Shared audience experiences P02 Designer Digital Arts student, experience with remote
music audiences

P03 Undergraduate student Aspiring musician

Group 2 P04 AI Music researcher/ developer Occasional DJ, relevant research

Atmosphere Preservation P05 Filmmaker Organises and documents music events

P06 User Experience designer Works at live-streaming platform, research
on musician-audience interaction

Group 3 P07 Media Studies student In-person and remote concert goer

Audience-Musician Interactions P08 Postgraduate student Part-time musician

P09 Media Studies researcher and designer DJ and creative technologist

Group 4 P10 Multisensory XR researcher Researches remote music experiences

Memorable Experiences P11 VR developer Worked with musicians to develop immer-
sive experiences

P12 Engineer and developer Former musician, Eurovision fan

Workshop format.

The three-hour workshop was structured as follows:

Introduction - 10 mins. Participants were welcomed to the space, signed consent forms and were

introduced the aim of the day.

Ice-breaker - 10 mins. To warm the group up and get them familiar with each other we started with an

ice-breaker activity; participants had 1 minute to think of the worst idea they could propose around

the theme of remote music experiences. Each participant had to write their idea on a post-it note

and share it with the others, as well as introduce themselves to the group (see Figure 29b). The aim

was to encourage dialogue and reduce self-censorship during the workshop.
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Setting the context - 10 mins. The ice-breaker activity was followed by a 10 minute presentation on

the study itself presenting how the “How might we?” questions emerged from the data and of their

observations from the remote events they attended and the data gathered during Phase 1.

(a) Some of the materials used at the workshop. (b) Worse idea ever activity.

Figure 29: Stills from the workshop.

Crazy eights - 15 mins. Participants were divided into four groups of three and each group was given

a "How might we...?" question and a deck of data cards. Participants had 7 minutes to browse through

the cards for some inspiration and to quickly familiarise themselves with the data. We then ran a

crazy eights activity where participants had 8 minutes to sketch 8 ideas, addressing the "How might

we...?" question they were given and inspired by the cards they looked at. The purpose of this was to

get participants into a creative mindset and start getting them to think outside of the box.

Ideation and prototyping - 1 hour (with a 15 min break in the middle). Participants had 1 hour to

ideate based on the "How might we...?" question of their group and develop a Wizard of Oz prototype

that they would then showcase to the group. Participants were free to divide their time how they

wanted during this session. Besides the card-deck, various materials were available: pens, post-its

and paper for the ideation; and theatre props, projectors, VR headsets, musical instruments and

smell stickers for the prototyping stage (see Figure 29a).

Enacting - 30 mins. Participants were asked to enact the prototypes they developed in front of the

group, followed by a short presentation to explain their thought process and how they got to the

idea they presented (see participants enacting their ideas in Figure 31).

Discussion - 30 mins. For the last part of the workshop an open discussion amongst everyone was

facilitated, where they were able to unpack their experiences, comment on the ideas provided, as

well as point out concerns and opportunities around the future of remote music audiences.
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Figure 30: Stills from the workshop.

Final thoughts. At the end, participants were asked to anonymously write a final thought about the

day such as feedback about the workshop or what stayed with them.

Data collection. Videos of the four enactment presentations and the discussion were taken and

then transcribed for further analysis. Moreover, the post-it notes, drawings and prototypes from

all participants were also used as data points. Notes were also taken during the workshop where

possible, to support the data collection.

I examined the material developed during the workshop, including the four ideas and the data they

originated from. This analysis was aimed at understanding the types of interactions stakeholders

envisioned for remote music events and how they conceptualised these contexts. The next step

involved mapping the workshop data back to the elements identified in Phase 1, to assess how the

workshop ideas and discussions corresponded to, expanded upon, or contrasted with the original

design elements, as well as investigating how those elements can respond to the four “How might

we...?” questions we originally identified. During this phase I also remained open for the emergence

of any new elements with inspirational value. This process was iterative, with the insights refined and

further interpreted through discussions and reflections with other researchers. I discuss the findings

of this phase in the discussion section. There, I take the outcomes of my research a step further,

interpreting and articulating them as design directions, exemplifying them with existing work done

in the space.
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6.3.2 A portfolio of ideas for experiential engagement in remote music events

The four experiences that emerged from the workshop are presented here. I describe the design’s

premise, the experience, its features it uses and I highlight the design elements it points to.

(a) Participant enacting their idea, which includes food delivery
while being in VR and enjoying the event.

(b) A “music box” prototype that features a projector which projects
other audiences around the space.

Figure 31: Stills from the workshop

Digital harmony hubs

Group 1 (P01 – P03) had as a starting point the question How might we encourage shared audience

experiences during remote music events? For this, they proposed a design for enhancing personal

connections during the entire concert journey – before, during, and after the show – while also

providing a sense of belonging to a broader community. Their concept promoted a fully immersive

experience, where the audience participates as avatars. The design integrated the following features,

which we detail below and discuss in the light of the elements resulted from Phase 1.

Private interconnected virtual spaces: Users should have the option to reserve a virtual space that

mimics a VIP stadium booth. This feature would allow them to experience the event alongside friends

who are in different locations. Participants can attend the performance with their selected group but

also have the ability to see the booths of other audiences. This would allow for smaller, more mean-

ingful interactions between audiences and artists while maintaining the feeling of a large crowd

attending the event, pointing towards elements #1 and #2. Each space should include a stage where

the performance occurs, creating an intimate setting that makes each group feel as if the perfor-

mance is tailored specifically for them, pointing to elements #5 and #17.
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Custom artist designs: The virtual spaces for each performance should be unique and based on the

aesthetic of the artist performing, giving the audiences the feeling that they are stepping into the

musician’s world and strengthening the bond between them and their fans (elements #8 and #11).

Audience lobby: Before the performance starts, users would have the opportunity to enter a fan

lobby using their avatars (element #4). Here, they can meet other fans from all over the world

(element #1) and make new friends whom they might want to share their space with, thereby fostering

new friendships and community ties. This space also acts as a social hub for organic discovery, where

attendees can learn about new artists or performances from fellow fans (element #10).

Synchronised dining experience: The concept includes a synchronised food delivery system. Before

the experience, the artist curates a food menu that attendees could opt to have delivered to their

homes from their local restaurants (see Figure 31a). This way even in different locations attendees

can share the same food, mimicking the shared dining experience one would have at a physical

venue. Moreover, this adds a tangible, real-world element (elements #13, #14).

Merchandise and artist interaction: The concept also incorporates a virtual merchandise shop where

audiences can buy items they like, which will then be physically delivered to their place. Here, the

artist can hold signing events and meet-and-greet sessions for their fans (elements #6, #8, #13).

The sensory music box

Group 2 (P04 – P06) approached the How might we preserve the atmosphere of a live performance

during remote music experiences? question through an experience meant to engage users on mul-

tiple sensory levels. They proposed a physical object designed for home use, which created an

immersive concert experience beyond the screen (see Figure 31b). In doing so, the design sought to

transform the remote music experience from a predominantly passive, observational activity into an

interactive, multisensory journey. The following design features were proposed:

360-degree environmental projection: The device projects a live, atmospheric environment around

the user, offering a panoramic view of the performance. Users can walk around it, engaging with

the performance from various angles. They can also pause it, or replay it experiencing the same

moment from different perspectives (element #5). In addition, this projection creates an immersive

sound backdrop, complementing the visual experience (element #14).

Olfactory stimulation module: Equipped with scent cartridges, the device releases fragrances aligned
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Figure 32: Cards participants used to develop their idea around the question “How might we encourage shared audience
experiences during remote music events”
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with the concert’s theme, enhancing the thematic immersion. This links to elements #11 and #14.

Haptic feedback system: To replicate the sensation of live music, the device integrates a sophisti-

cated vibration system. This technology allows users to feel the music in a tactile manner, simulating

the vibrations one would experience at a live venue, thus adding a physical dimension to the auditory

experience and pointing towards elements #13 and #14.

Audience holograms: For users desiring a more communal experience, the device can project holo-

grams of other audience members into their space. This feature fosters a sense of shared experience

by visually and virtually connecting individuals in different locations (element #1).

Concert connect app

Responding to the question How might we enable meaningful interactions between audiences and

musicians during remote music events?, Group 3 (P07 – P09) proposed an app-based concept to

strengthen the interaction between artists and their audience in virtual music events, by giving au-

diences a voice in shaping the concert experience. The design includes the following features:

Audience-driven setlists: Through the app, attendees can use polls to vote for their favourite songs,

ensuring the performance reflects their preferences (element #6, #7).

Co-writing music: The chat function allows for real-time collaboration between the artist and au-

dience with attendees being able to contribute lyrics while the musician plays, fostering a playful

co-creation process where the song evolves during the performance (elements #3, #7).

Unique merchandise: Unique merchandise, either virtual or physical, is available exclusively through

the app. Artists can ‘hand out’ these items during the show, making the experience memorable.

Physical merchandise could be delivered to the attendee’s home before or after the event as a

tangible memento (element #13).

Enhanced pre- and post-event engagement: Leveraging the virtual format, the app offers Q&A ses-

sions with the artist before and after the performance, allowing fans to share the experience beyond

just the music, building anticipation and prolonging the post-event connection (elements #1, #6, #16).

Accessibility features: Recognising the importance of inclusivity, the app incorporates features like

close captioning, ensuring that the event is accessible to a diverse audience, including those with

auditory impairments (element #12).
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Dancing home appliances series

Group’s 4 (P10 – P12) idea features an Internet of Things intervention which modifies the home space

according to the concert involving the appliances one has at their home. Designed to immerse the

audience in the music and enhance the connection to the virtual event, the smart home appliances

become dance partners, turning the living room into a pulsating dance floor by receiving information

about the show and responding to it (see Figure 33). Moreover, the concept proposes a series of

multisensory abilities for the devices and a feature that randomly replays the best moments after

the show. Central to this concept is the idea of engaging with things that people have at home,

leveraging the physical space rather than transporting the user to a virtual environment. This way

the home creates a new experience every time users attend an event, making each concert unique

and memorable.

Figure 33: Participants enacting the dancing home appliance series

The design has the following features:

The groovy fridge: A fridge that has a built-in sound recognition system and a set of tiny robotic

legs. When it detects music playing it starts swaying and displays colourful LED lights that sync with

the music, creating an ambient light show that enhances the mood of the concert (element #14, #15).

Rhythmic washer and dryer duo: These appliances are activated during remote music events and

are equipped with sensors that detect the rhythm of the music, synchronising their spin cycles to

match the beat (element #14).

Pet engagement device: a “DJ Dog Toy" that reacts to the music, providing entertainment for pets

and integrating them into the experience. These toys vibrate, light up, or play modified sounds in

harmony with the concert (element #15).
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Smart vacuum dance mode: Event experiences are saved and whenever the user vacuums the cleaner

randomly replays music from past events but also performs a dance routine, turning a mundane

cleaning session into an entertaining show (element #9).

Selective replay control for appliances: Each smart appliance can be individually programmed to

respond to selected replay moments. For example, the user might want the Groovy Fridge to light

up and sway to a particular song’s chorus or release a specific scent during a memorable guitar solo

(element #9).

6.4 Design insights for remote music experiences

My investigation into audiences participating in remote music events revealed important elements

that are valuable when designing technology for remote music performances. They show the chal-

lenges and unmet desires from those who attend them, but also the opportunities audiences and

designers see in technology for addressing them. Moreover, they enrich the previous work through

their practical value – they offer actionable information about users that could be easily considered

by remote music performance designers.

During the workshop even though participants did not have access to the 17 elements themselves,

I found that the features of the speculative design ideas proposed invariably connected resonated

with at least one of the elements, underscoring their pervasiveness and relevance. This is not to

say that the list is comprehensive, but it points towards the usefulness of the elements and their

potential to be used by designers. They serve as a bridge between theoretical understanding and

practical application, providing designers with an audience-centric blueprint for crafting technology

for remote music performances.

In the sections below I take the key outcomes of our research a step further, interpreting and articu-

lating them as design insights, exemplifying them with our results, the discussions of the workshop

as well as existing work done in the space with the aim to to offer practical advice (See Table 12 for a

mapping of the insights with the elements and Ideas). The design insights were developed through

conversations with my collaborators; namely Dr. Alexandra Covaci and Dr. Boyd Branch.
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Table 12: Mapping of design insights to corresponding design elements and speculative design ideas.

Design Insight Related Design Elements Associated Design Ideas

#1 Redefining liveness – from
real-time to my time

#9 Remote liveness, #14 Engage the senses Sensory Music Box, Dancing
Home Appliances

#2 Enhance audience experi-
ences across event phases

#1 Tune in to kindred connections, #13 Main-
tain physicality, #16 From couch to the con-
cert, #17 Exclusivity matters

Digital Harmony Hubs, Concert
Connect App

#3 Balancing artist control and
audience interaction

#6 Feeling ‘seen’ and ‘heard’, #7 Co-creation
and collaborative artistry, #3 Encourage play,
#4 Freedom for self-expression

Concert Connect App

#4 Balancing technology and
authenticity

#5 Intimate encounters, #8 Behind the scenes
and origin stories, #13 Maintain physicality,
#14 Engage the senses

Digital Harmony Hubs, Danc-
ing Home Appliances

#5 Creating magic circles in
home settings

#14 Engage the senses, #15 Embrace the home
space, #16 From couch to the concert

Digital Harmony Hubs, Sen-
sory Music Box, Dancing Home
Appliances

#6 Designing for multisensory
immersion

#13 Maintain physicality, #14 Engage the
senses, #15 Embrace the home space

Sensory Music Box, Dancing
Home Appliances, Digital Har-
mony Hubs

6.4.1 Design insight #1: Redefining liveness – from real-time to my time

Liveness [17] is a defining characteristic of in-person events, which captivate audiences with their

raw energy and unpredictable twiss. However, within the digital space, liveness becomes mediated

and its meaning is constantly being re-defined by audiences [190]. Audiences have greater agency

over their viewing experience: some stay synchronised with real-time music broadcasts, while others

utilise the flexibility to pause or rewind. This means that not all viewers are experiencing the event

in the same temporal frame. Yet, the shared content and the communal nature of the digital space

ensures that audiences remain connected to a sense of a ‘live’ experience, bound by their collective

interest in the event. In this context, liveness is less about temporal simultaneity and more about the

depth of engagement and the shared experience, even if temporally staggered. This transformation

has be outlined by Benford et al. [40], who discusses this fluidity of liveness in the context of the

ethnographic account of two traditional folk clubs going live.

In addition, we found that even pre-recorded music performances can evoke a strong sense of live-

ness among viewers. Therefore, the perception of liveness becomes a combination of the viewer’s

belief, which is anchored by specific markers and cues within the content, and their active interac-

tions with both the performance and other audience members. Nevertheless, this perception can

vary. A viewer might feel a performance is ‘live’ due to real-time chat, even if the music is pre-

recorded. Conversely, a lack of audience interaction or artist responsiveness might make a real-time
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performance feel like a replay. Yet, such discrepancies highlight the multifaceted nature of live expe-

riences: pointing to the need to explore how audiences perceive time during a performance, whether

they value synchronous interactions with fellow viewers or the artist, or how they might switch roles

- from a passive viewer to an active participant. The dynamic interaction with time has the potential

to unlock novel creative avenues for performers and designers and help them craft experiences that

truly resonate with the audience’s evolving definition of live. The sensory music box design idea cap-

italises on this by proposing a projected environment around the user which they can pause, walk

around and replay enabling them to dissect the performance how they see fit and view it multiple

times from multiple perspectives. On a more general level we encourage designers to leverage this

fluidity of liveness. They have the opportunity to craft experiences that, while not live in the conven-

tional sense, still convey a sense of immediacy and shared presence. For example, designers could

think about embracing the non-linear nature of digital experiences, offering viewers the ability to

pause, rewind, or view asynchronously while still maintaining a sense of shared experience.

6.4.2 Design insight #2: Enhance audience experiences across event phases

In in-person music events, the audience’s journey is a rich narrative, extending beyond the perfor-

mance – from the anticipation leading up to it, the rituals of preparation, the travel to the venue,

and the shared moments with other audiences. Within the event itself, there are peak experi-

ences [167, 272], the unexpected encores [498], and the quieter reflective moments. This multifaceted

journey, with its ups and lows creates memories that linger after the event concludes. However, with

the advent of remote events, there is an immediacy to the engagement, which, while convenient, of-

ten hinders the audience’s journey. The click of a button transports attendees directly into the event,

bypassing the traditional build-up and rituals; events do not feel like occasions anymore [181]. Our

study revealed that while the convenience of remote events is appreciated, the absence of a journey

–like experience results in events feeling less special. The Digital harmony hubs idea showcased the

importance of the event journey with the team focusing on other activities before, during and after

(e.g., audience lobby, merchandise, eating) rather than the event itself. Participants argued that the

importance of the activities surrounding an event are as important as the actual performance.

To recreate the depth and richness of live events in a remote setting, designers should think of the

fan experience as an expansive journey, encompassing pre-event, live event, and post-event phases,

each offering distinctive opportunities to deepen engagement and foster a sense of community [92].

In the pre-event phase, cultivating anticipation is crucial [512]. Strategies might include augmenting
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the multisensory aspects of the event by distributing tangible objects associated with it, or involving

the target audience in a co-design process to collaboratively develop an event blueprint that can be

shared in advance. During the live event phase, designers should focus on triggering peak moments

that mirror the highs and reflective pauses of traditional event experiences by accounting for spon-

taneous interactions or unexpected surprises, coupled with spaces for individual reflection [342].

Following the event, designers could think of including virtual lounges where attendees can interact,

exclusive content releases that recount the highlights of the event, or Q&A sessions with the artist.

6.4.3 Design insight #3: Balancing artist control and audience interaction

The artist and their music are one of the main motivations for audiences to attend live music

events [327]. The bond formed between the audience and performer is important, and studies have

identified it as a significant factor not only for ensuring a pleasant experience but also for enticing

audiences to return to future events [327, 372]. Our findings suggest that remote music audiences

long for opportunities to interact during the performance and to co-create, wanting to have an im-

pact on the music and the experience. The Concert connect design idea reflected this by proposing

interactive set lists and collaborative lyrics writing. Nevertheless, during the discussion at the end

of the workshop, one participant asked “But what about the artist? What about their vision?.”

Indeed, when designing technology for remote music performances it is imperative to recognise the

diversity in artists’ preferences for audience interaction. While co-creation and audience partici-

pation are beneficial, there is also a risk of diluting the artist’s original vision. If every aspect of

a performance is open to change based on audience preferences, it might stray from the artist’s

intended narrative or emotional journey. Some musicians may embrace collaborative artistry with

their audience, while others might prefer to maintain control over their artistry. Therefore, when

designing technology for remote music performances it is important to ensure that the integration

of audience interaction complements, rather than overshadows the artist’s creative vision. The au-

dience’s participation should enrich the artistic narrative rather than redefine it.

Data from interviews and workshops also indicate that while participants welcome opportunities

for collaboration, they also appreciate when the final output reflects a cohesive artistic vision rather

than a fragmented patchwork of audience-driven choices. This balance can be informed by examining

when and how users interact with creative elements. Participants expressed enjoyment in shaping

certain aspects – like background visuals, minor setlist adjustments, or thematic prompts – when
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these contributions felt like enhancements rather than overhauls. This suggests that designers can

offer structured frameworks that invite audience contributions in predefined areas, allowing them

to influence but not overshadow the artist’s creative core, allowing artists to choose how much they

want to involve their audience in the creative process and how [337]. To translate these findings into

actionable strategies, designers might consider implementing tiered participation models, where

the audience is encouraged to interact most intensely with peripheral or variable elements. These

levels can range from low-interaction formats, where the audience’s role is mainly observational,

to highly interactive formats, including real-time polls for song choices or collaborative creative

processes. Additionally, where audience interaction is present, it could be framed as a contribution

to the artist’s creative process, rather than a direct influence on the art itself, respecting the artist’s

primary role in the creative journey. Clear boundaries around key artistic decisions, combined with

transparent communication about what aspects are open for influence, can ensure that freedom for

self-expression does not erode the artist’s narrative.

6.4.4 Design insight #4: Balancing technology and authenticity

Our participants expressed that for them, remote music events are distinct opportunities for novel

engagement – with the other audiences, the artist and the performance itself. Audiences’ desires to

go beyond the usual boundaries of traditional concerts are not driven by nostalgia but by interest for

diverse and forward-looking experiences. Our findings indicate that technology is not just an enabler,

but rather a driving force for delivering extraordinary and seemingly impossible experiences [484].

Moreover, for artists themselves, technology presents an opportunity to overcome the constraints

of the physical environments (e.g., venue size, logistical challenges, or budget constraints). This

transformation is particularly valuable for smaller artists or those performing from home, who may

have previously been restricted in their ability to deliver visually captivating performances.

Despite this, our audiences also yearned for the emotional depth and authenticity of in-person

events, frequently making direct comparisons and highlighting the limitations of technology in cap-

turing the feeling of live music. Their perspectives underscore a critical observation: technology,

for all its advancements, is still often perceived as intermediary – a lens through which we access

experiences rather than a space where authentic, standalone experiences reside [373]. Indeed, the

concerns about remote events not fully replicating the aura of in-person ones [336], suggest that

experiences are not just about sensory immersion; they are about the stories we tell, the memories

we create, and the shared cultural and emotional contexts [282]. Data from speculative designs like
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the Digital harmony hubs and the Dancing home appliances suggest that authenticity may emerge

from familiar cultural gestures, small personal activities integrated into the event, and playful appro-

priation of everyday objects. Rather than relying solely on advanced graphics or intricate interaction

patterns, authenticity can stem from how well the experience resonates with participants’ own lives

and social habits. This implies that authenticity may be better supported by features that acknowl-

edge existing contexts [447], rather than forcing unfamiliar or overly engineered scenarios.

For designers, this brings a multifaceted challenge. While there is merit in curating technologically

advanced and highly polished performances, there is also a need to embrace spontaneity and imper-

fection. These are elements that lend a unique character to the live event, contributing to ‘liveness’.

As found in [372], authenticity and how ‘believable’ and ‘real’ a performance feels, plays a huge factor

in audience satisfaction. Instead of replicating in-person experiences, designers should aim to craft

authentic digital experiences that celebrate these spontaneous moments.

6.4.5 Design insight #5: Creating magic circles in home settings

Our study’s exploration into remote music experiences highlighted the need to redefine the role

of physical space in enhancing audience engagement. Traditionally, music events serve as liminal

spaces - thresholds between the ordinary and the extraordinary - where attendees transition from

their everyday reality into a shared, heightened sensory world. This aligns with the concept ’magic

circle’ [256] in gaming, where a temporary, immersive environment is created for players where

players willingly suspend disbelief. Audiences at a concert experience a similar feeling, embracing

an alternate reality governed by its unique rules, making it easier for them to fully engage and lose

themselves in the experience. In remote settings, especially within the confines of one’s home, repli-

cating this transformation of space presents unique challenges and opportunities. Our participants

noted that while remote settings (i.e., homes) offer a comfortable and cocooning environment for

music enjoyment [54], they often lack the distinct boundary between the ordinary (e.g., home chores,

distractions, daily routines) and the extraordinary (the music event) that in-person events provide.

The shift towards remote music experiences necessitates rethinking how audiences interact with

their physical surroundings during a concert, perhaps focusing on transforming the audience’s home

into an integral component of the performance. The goal is to turn ordinary spaces like living rooms,

into sacred, immersive environments that transcend the typical associations these spaces might

have with daily routines or distractions. Interestingly, three of the four design ideas proposed ways

182



to transform this physical space either by fully changing it into a virtual space (Digital harmony

hubs); by augmenting it (The sensory music box); or by using existing elements of the environment

such as electronic appliances (Dancing home appliances series). During the workshop discussion,

participants elaborated on their choice of focusing on the environment/atmosphere of their ideas

rather than the music itself. One participant noted that the home is where people view these remote

experiences and probably where they struggle to connect because it is associated with daily life so

when you go to a concert the space does not feel sacred anymore. Changing the environment can

help the audience connect with the performance by making it feel like a special moment.

Building upon the “magic circle” analogy within this context, it becomes evident that the home offers

a canvas for individuals to cocoon themselves in comfort while simultaneously crafting an immersive,

event-specific space. Unlike the fixed boundaries typically defined by event organisers in traditional

gatherings, the home introduces an element of adaptability and personalisation. The Dancing home

appliances design idea exemplified this through the proposal of smart electronic appliances that

respond to each performance. Here, attendees take on the role of creators, establishing their magic

circle and establishing its boundaries by actively reshaping their living space in anticipation of the

event. This act of self-driven creation could facilitate a deeply personal experience, where the magic

circle’s boundaries can be reshaped for each event. The challenge, then, is to fortify the magic circle

against the distractions, interruptions, and the very familiarity of the home setting, ensuring that the

music event’s reality remains intact. Designers could think about developing applications or devices

that allow audiences to customise their immediate surroundings, such as smart lighting systems

that change according to the music’s tempo or mood, or virtual reality overlays that transform the

look and feel of a room. Moreover, another approach would be to provide audiences with sensory

kits that can be used to enhance the concert experience at home. These could include items like

scented candles to emulate the concert atmosphere, wearable haptic devices for tactile feedback,

or DIY decoration kits to visually transform the space. Lastly, designers could think about utilising

spatial audio technology to create an enveloping soundscape that transforms the acoustics of a

home space, making it feel more like a concert venue.

6.4.6 Design insight #6: Designing for multisensory immersion

Our Phase 1 data showed a need of audiences for deeper immersion that engages multiple sensory

modalities beyond traditional audio-visual formats. Moreover, during Phase 2, all four ideas gener-

ated by participants in our workshop included various elements of sensory immersion irrespective
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of the how might we question they were given to address.

From a technological standpoint, the quest for deeper immersion suggested by participants can

be met by creating innovative technology-mediated audience participation systems that go beyond

mere screen interactions. This approach is supported by emerging research in mulsemedia [117],

which explores the integration of touch, taste, and smell with sight and sound, thereby transforming

the media consumption landscape. Designers are now challenged to leverage this multi-multi per-

spective, where multiple types of media engage multiple senses, to significantly enhance the quality

of experience for audiences. This shift not only promises more engaging and immersive remote mu-

sic experiences but also sets a new standard for how designers can create environments that fully

captivate the audience’s sensory faculties. For example, designers could consider integrating immer-

sive lighting control with smart systems that dynamically adjust to the music’s tempo or emotional

tone, using interactive dance mats that allow users to interact with the performance, and incorporat-

ing scent diffusion systems that release fragrances aligned with the mood or theme of the music can

add an olfactory dimension, making the event even more immersive and memorable, via systems

like the ones described in [392, 466, 485].

6.5 Some reflections

6.5.1 Lessons learned from engaging with music audiences

Looking back at the approach I took in these two chapters, there is a clear contrast between the

work described here and my earlier explorations in Chapters 3 and 4. There, I started from a more

traditional perspective: understanding a user, identifying a problem, designing a technological in-

tervention, and testing it with users. It was a straightforward, solution-driven process, where the

technology often took centre stage, even if that was not my intention. Here, however, I deliberately

chose a different route. Instead of jumping straight to designing new tools, I wanted to understand

the situation as it currently stands – to observe how people already engage with remote music perfor-

mances across a variety of platforms. The shift in perspective meant leaning into a more open-ended

form of research. Rather than working from a predefined “problem to solve”, I let the participants’

experiences, both positive and negative, guide the inquiry. From their rich stories and my own ob-

servations, I identified a set of design elements that capture what people value, what frustrates

them, and where opportunities for new experiences lie. In doing so, I allowed the data to lead me
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towards insights that might otherwise have gone unnoticed. To test the relevance and resonance of

these elements, I facilitated a co-design workshop where participants developed speculative ideas.

Although the outcomes were intentionally futuristic and not immediately implementable, they were

grounded in the real wants, needs, and behaviours of actual audiences. By working in this way, I

could confirm that the design elements were not just abstract concepts but tangible stepping stones

towards future designs that people might genuinely appreciate.

Of course, this approach was not without its imperfections. For one, relying on existing platforms

and real-world practices meant I had to grapple with messy, complex scenarios. Audiences are not

uniform; their motivations and tastes differ. The content they engage with is influenced by countless

variables, from platform-specific affordances to personal circumstances. The data I collected, while

extensive and multi-faceted, could never be complete and the way I presented it could never be com-

plete. I could have written an entire PhD thesis only on that data. I had to make choices about which

experiences to highlight and which perspectives to prioritise. Moreover, the workshop’s speculative

nature sometimes made it challenging to determine how the ideas might translate into real-world

applications. Still, this more open approach offered a kind of richness that a purely solution-driven

path might have missed as I discovered insights that come from lived experiences rather than as-

sumptions. The results now serve as a foundation, not just for me but also for others who want to

build upon a human-centred understanding of remote music performances.

What can others learn from this? First, that stepping back from a purely “problem-solution” mindset

can open up new creative opportunities. When we stepped back from making new tools to see what’s

already out there, we find that the solutions people organically create can be more specific and

adaptable than what we might invent on our own. Remote music audiences are not waiting passively

for someone to hand them the perfect platform. They’re actively repurposing tools, appropriating

features, and blending different environments to craft experiences that meet their needs. Observing

these practices feels like pulling back a curtain – behind it, there were layers of complexity and

creativity we might not anticipate but we can learn a lot from. Second, that embracing the complexity

of how people currently use technology can generate more meaningful insights than starting with a

blank slate. Finally, that speculative activities grounded in real user data can help ensure that even

your most imaginative ideas remain tethered to genuine human needs and desires. By honouring

what audiences are already doing, I ended up with insights that feel both imaginative and realistically

attuned to the people who will ultimately use these technologies.
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6.5.2 Lessons learned from a stakeholder workshop

HCI research has long acknowledged the importance of working with a wide range of stakeholders,

not just end users [94, 109, 313, 436]. Such engagements often bring in new views or opportunities

that might not emerge if researchers only speak to users or rely on their own interpretations . This

involvement has taken the shape of interviews, expert consultations, and conversations at different

stages: for example to gather design requirements [364], evaluate systems [244, 379], comment on

and contextualise the findings [518] or comment on catalogues of ideas [7]. As the field evolves, we

see more collaborative and hands-on approaches. Co-design workshops, for example, encourage

participants to take an active role, going beyond the classic “designer as interpreter” model and

letting stakeholders themselves shape the direction of a project.

In my workshop, I aimed to experiment with this principle by giving stakeholders direct access to raw

user data, rather than a neatly packaged set of conclusions. I wanted to see what would happen if

participants had the chance to handle the data themselves: raw quotes, observations, and feedback

from remote music audiences. Instead of me sorting it all out in advance, I asked them to interpret

and build on what they found. The hope was that confronting them with material still brimming with

ambiguity would prompt a level of creativity and authenticity that might not surface otherwise.

I offered the data in the form of physical cards, each containing a participant quote or a piece of

insight. The tangibility of data turned out to be important, which aligns with findings from other

researchers using cards as ideation materials [4, 219] . Having something concrete to move around,

rearrange, and combine made it easier for groups to think about multiple angles. Participants ac-

tively referred back to the cards when explaining ideas to one another as explained by one of the

participants during the workshop discussion “For example, one of us might try to describe an idea,

and use a card that describes something related for the others to use as an origin point of imagina-

tion. I think the cards were useful because the ideation was looking so far into the future, and a lot

of it was intangible. It gets complex to explain similar ideas with VR, AR, XR, on top of the other tech-

nologies we were proposing, and these cards helped us keep track (P07).” This hands-on approach

allowed them to use the cards both as evidence and as starting points for speculation, blending

what they knew about the data with their own experiences and expertise.

Although this tactic opened up new possibilities, it was not without its challenges. The sheer amount

of data at times felt overwhelming. Some participants got stuck on a single detail or struggled to

see the bigger picture. Others became so focused on aligning ideas with particular quotes that they
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missed the chance to think more broadly. While giving participants raw data can spark new insights, it

also calls for careful curation and pacing. This can be addressed in future workshops, by introducing

data in layers, starting with a small set of quotes and letting participants move to a second, more

detailed layer only when they are ready. Moreover, scheduled moments of reflection might help

groups step back, repositions their ideas, and decides what matters most. Structuring the process in

such way could prevent people from becoming overwhelmed or drifting too far into the weeds.

The choice to make the workshop playful and performative added another dimension. Instead of

just talking about their concepts, participants acted them out. One team became appliances in a

home responding to the music of a remote concert (see Figure 33). Another group integrated VR

technology to simulate meeting spaces and backstage lounges. By physically enacting their ideas,

they tested their feasibility and clarified what still felt too vague. Moving around and using props

helped them think about sensory details and practicality. This performative approach lowered the

formality of the setting and encouraged people to engage personally, rather than feeling they were

simply evaluating a researcher’s plan. Yet, too much playfulness can sometimes lead to overthinking

and over-discussion. Some groups spent a lot of time interpreting a single quote or perfecting a small

detail of their scenario, making it hard to reach a clear decision. In retrospect, introducing shorter

time frames, breaking tasks into smaller chunks, or guiding participants past sticking points would

have helped maintain momentum and prevented unnecessary tension. Although deep engagement

is valuable, striking a balance is key.

Diversity in the participant pool also proved invaluable. Mixing audience members with designers,

VR developers, and even a musician led to more comprehensive ideas. One participant questioned

whether we were paying enough attention to the artist’s perspective, a concern that had not emerged

when looking only at user data. This moment underlined the importance of including different types

of stakeholders. Audiences brought real-life experiences of attending remote concerts, while experts

contributed technical knowledge and strategic thinking. This combination surfaced viewpoints that

would likely remain hidden in a more uniform group. However, this diversity also made consensus

harder, showing that setting up a structure for decision-making or having a facilitator gently guide

discussions might be helpful when participants get stuck.

In addition, introducing technology into the workshop environment – VR headsets, smell proto-

typing, projectors—helped connect speculative ideas with real-world possibilities. By experimenting

with these tools, participants began to envision not just the form or function of their ideas, but

also the potential interplay with contemporary technologies. For instance, while a card drawing
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represents a concept, a VR headset could bring that concept to life, connecting it stronger with its

real-world application. As seen in Figure 31a, one of the groups used the VR headsets to convey

that each person was in a different physical location but in the same virtual space. Another group

chose to simulate the smell of a concert in their idea, using the smell prototyper by Brooks and

Lopes [77], with one participant commenting during their final thoughts notes “Using other senses

will 100% help audiences to have memorable experiences [in remote music events]. (I feel like I still

have lavender smell!).” Additionally, the use of sound and projection further enriched the prototypes

(see Figure 31b), allowing for a multisensory exploration of ideas. Integrating technology expanded

the scope of prototyping and allowed participants to imagine future technologies. It also nudged

them to consider the multifaceted ways in which existing technology can enhance user experiences.

Overall, the workshop lead to ideas and insights that go far beyond what we might have found

through a more traditional, top-down approach. The data cards gave them something to hold on

to; the performative aspects gave them freedom to experiment; and the diversity in the group made

sure multiple angles were considered. Of course, the process was not perfect. I had to accept that

not every group would reach a polished conclusion and that some discussions might drift off course.

But this slightly messy approach felt valuable precisely because it revealed what people cared about

and how they thought about the data. Sometimes the best way forward is to trust participants to

wrestle with the complexity and come out with something meaningful.

I learned a lot from the workshop and I hope others can learn from my lessons too. When involv-

ing stakeholders directly with raw data, it is wise to manage the amount of information, provide

opportunities for reorientation, and allow for moments when participants can reflect and regroup.

Encouraging playful, performative activities can bring energy and fresh thinking to the session, but

it’s important to keep an eye on the pacing to avoid over-analysis. Technology can help participants

imagine what their concepts might look like in practice, while ensuring the group is diverse and bal-

anced can improve both the quality of ideas and the range of perspectives considered. Although the

prototypes generated were conceptual and imperfect, they triggered discussions that led to deeper

understanding of the user data and paved the way for future developments. Overall, the approach

– handing over the interpretive role to participants and letting them engage with raw data – is not

a one-size-fits-all solution, but it worked well in this context. I hope other researchers and design-

ers consider trying something similar. The experience demonstrated that opening up the research

process, letting people in on the data and the messiness that comes before conclusions, can spark

creativity and deliver insights that more controlled methods might miss.

188



6.6 Limitations

This research, while providing valuable insights into the design space of remote music performances

from the lens of audiences, has certain limitations that need to be acknowledged.

Sample size and scope: Remote music events are diverse, with countless ways for individuals to

engage. Our study’s limited sample size means we could not capture all possible experiences. While

I aimed for a comprehensive view, the findings may not represent every audience type or experi-

ence. We also focused on specific digital platforms, which do not encompass the entire landscape.

This might leave out nuances from unexplored platforms. Moreover, since our study was about the

broader design space, there might be some platform-specific aspects we did not explore.

Generalisability: Our findings might not be necessarily universally applicable, as the elements iden-

tified and the resulting speculative design ideas are grounded in the existing practices of our par-

ticipants and the events we observed. Some might not apply beyond the contexts where they were

found, and there could be more elements on our list had we explored other settings.

Demographic limitations: Despite my efforts to engage a varied demographic, most participants were

adults embedded in Western context with good digital access and familiarity. This demographic pro-

file means that the insights of the study are, to a certain extent, a reflection of their socio-economic

privileges. While these participants are among those likely to access remote music events, it is crucial

to understand that their experiences might not be representative of the broader global audience.

6.7 Conclusion

In this chapter, I went beyond specific platforms to start investigating the design of technology that

enables immersive remote music performances. My findings point out design insights, which I hope

could provoke designers and researchers to explore this area. The scope of the studies in this part of

my thesis was broad, covering a wide range of audiences, necessitating future work that is perhaps

more targeted to certain types of events. Moreover, in this work, I focus on audiences rather than

the artists themselves. Therefore, there is an opportunity for future research to build on mine by

investigating the design space from the musicians’ perspective and bridging the two key stakeholders.
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Part IV

Bringing it all Together
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In the final part of this thesis, I find myself looking back on both the journey and the work it has

produced. When I started this research, I was driven by a desire to explore how we can design

technology that supports the feeling of immersion that makes music performance so meaningful in

remote and digital contexts. Over time, my goal expanded as I navigated the challenges of designing

for a space where technology and human experience intersect in such interesting ways: musicians

and audiences often appropriate technologies in ways that go beyond their intended purpose, seek-

ing engagement, personalisation, and creativity rather than efficiency or user-friendliness [217]. The

way they use technology tends to be personal, subjective, instrument or performance-specific, and

difficult to generalise into specific recommendations for informing future designs [37]. Subjectivity

means that any design framework or set of suggestions cannot be universal or draw definite conclu-

sions of what would work and what would not. It should serve as a flexible starting point to inspire

new explorations.

In this part of my thesis, I bring everything together, inviting others to reflect, question, and imagine

what comes next. I synthesise the findings from my work and expand them into actionable design

dimensions and directions. I also step back to reflect on the broader implications of my research,

its messiness, and the personal journey it represents, and how it might inspire others in the field. In

Chapter 7, I present a design toolkit for remote music performances, developed from what I learned

and informed by related research. The toolkit introduces four design dimensions, offering rough

areas to think about when designing technologies for this space. I then propose design directions to

inspire designers exploring this field, exemplified through other work I or others have done. These

are not meant to be exhaustive or definitive; they are starting points drawn from my experiences for

further exploration. The toolkit represents my attempt to sketch a foundation that others can adapt

and extend to suit their own contexts and needs. Chapter 8 shifts focus to the researcher’s journey,

something I feel is often overlooked in academic work. This chapter is deeply personal, as it reflects

on what I have learned – not just through the research outcomes but through the process itself.

It is a chapter about recognising the value of the journey, however messy it might be, and finding

ways to embrace it as part of the process. Finally, Chapter 9 brings this thesis to a close by revisiting

the research questions, summarising the contributions of my work, and discussing its limitations. I

also outline opportunities for future research, acknowledging that this thesis is just one step in a

much larger conversation. The work I present here does not offer all the answers, nor does it aim to.

Instead, it opens up new ways of thinking about remote music performances and invites others to

continue exploring and building on this foundation.
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Chapter 7

A designer’s toolkit for remote music

performances

In this chapter, I synthesise the findings of my research into a design toolkit for remote music perfor-

mances, inspired by the work of Malloch et al. [302] who proposed a design workbench for interactive

music systems. The toolkit aims to provide starting points for designing remote music experiences,

drawing from the insights I gathered through working with musicians and audiences. While rooted

in the context of music, the ideas presented here have the potential to inspire design across other

domains, such as other types of performance, entertainment, and remote collaboration. The chap-

ter begins by presenting design dimensions that can ground and direct considerations for creating

immersive remote music performances, where the experience is thought about first and technology

follows. I then propose design opportunities that highlight the different roles technology can play in

the context of remote music performances by offering specific pathways for innovation in this space.

I demonstrate these with references to existing examples in the design, entertainment, and media

spaces, or examples given by my research participants. I hope this chapter empowers others to take

the next steps in the design space of remote music performances.

7.1 Dimensions for designing ‘immersive’ remote music performances

In this section, I propose a set of four dimensions for designing remote music performance. The

dimensions are aimed to encourage designers to think about the kind of experiences they want to

create before deciding on the technological means to achieve them. The dimensions draw inspira-
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tion from Hammelburg’s work Hammelburg [190], which examines how ‘liveness’ and the feeling of

‘being there live’ are constructed and experienced in contemporary cultural events, particularly those

mediated by technology. Her research frames ’liveness’ as ‘being now here together’ – emphasising

active engagement (being), shared temporal moments (now), layered spatiality (here), and social

connection (together). She notes that people actively construct their experiences through media,

shifting the focus from technological mediation to human interaction with the event itself.

While Hammelburg’s work [190] centres on liveness and in-person cultural events mediated by tech-

nology, I brought these ideas into the remote music performance design space, where the interplay

of technology mediation and experience becomes even more complex, as technology not only medi-

ates liveness but also facilitates it. No technology = no access to the event = no liveness. The context

of my work is not limited to ‘live’ events, but also encompasses other forms of musical interaction,

including rehearsals and creative sessions, where the performance aspect is central to their occur-

rence. As a common thread throughout these distinct forms of musical interaction, performance

itself inherently involves an element of ‘happening’ and, therefore, it is ‘live’, as the musicians need

to play their instrument or sing for it to be a performance [432, 511]. Even when watching a record-

ing of a performance, one watches with the knowledge that it was once ’live’ at some point in the

past. This differs from many studio recordings or digitally engineered pieces of music or other art,

as these pursue the perfection of high level production over the potential for ’liveness’, meaning

that simultaneity of both music-making and/or audience reception is a defining component of all

performances considered here, whether in-person or remote [449]. This influences my discussion

of immersive experiences rather than live experiences, as I argue that for an experience to feel im-

mersive, it needs, in some capacity, to feel ‘live’. Those being immersed need to feel that they are

participants of the experience; they need to feel present and in the moment, connected to the music,

their surroundings, and, if applicable, others. Therefore, Hammelburg’s dimensions still provide a

good starting framework for thinking about immersive experiences as experiences where participants

feel immersed through their interactions.

In the following sections, I apply Hammelburg’s dimensions to the context of designing immersive

experiences for remote music performances. While there will be some consistent elements, it is also

important to recognise that this is not a one-size-fits-all recipe for someone to feel immersed in

an experience. Experiences are subjective; they are personal and context-dependent, influenced by

many factors [201, 309]. Hence, the dimensions I present are not prescriptive or universal (i.e., if

considered, would lead to truly immersive experiences) but are meant to inspire and provoke.

193



7.1.1 Being - Presence

In Hammelburg’s work [190], being signifies an active state of presence and engagement, involving

both the event itself and fellow participants, emphasising active participation over passive obser-

vation. She argues that event-goers “inhabit space” through their media practices, using technology

to anchor their physical presence in the event and create a sense of place. For example, actions

such as visual presencing (sharing photos and videos that show “you are there”), locative practices

(check-ins, location tags), and livestreaming, all contribute to this embodied experience of being at

the event, even for those joining remotely. In the context of remote music performances, being can

be understood as an active state of engagement or a state of feeling fully present, where participants

interact with the performance (whether performing it or experiencing it), the environment, and, po-

tentially, other audience members and musicians [201]. While discussions of presence in remote

settings could be associated with technologies like VR [285, 427], being in this context does describe

the same feeling but is not confined to VR environments or any environments in fact. It is about feel-

ing ‘in’ the performance, whether that entails feeling in the environment or feeling in the moment

when using the technological tool used to access the performance. Hence being is about evoking

a sense of defined place with and through the performance [105], in a way that creates emotional,

sensory, and experiential engagement, regardless of the medium [428].

For musicians, being denotes feeling fully present in their craft and the performance environment

– virtual or physical –, including rehearsals, live performances, and creative collaborations, where

the musician’s engagement is tied to their ability to focus on their artistry and others’ responses to

their artistry [432]. This could mean inhabiting spaces or making use of tools in ways that support

their creative flow and authenticity, free from distractions or disruptions that would take them out

of it [403]. They need to feel both present and engaged [440]. For instance, the musicians I worked

with emphasised the importance of being ‘in the zone’, [304] and described moments where they

felt fully present when the technology faded into the background, allowing them to focus entirely on

the music and the virtual space. When distractions arose, it was important that these distractions

were not of the kind that would make them fully unable to play (e.g., the weight of the headset)

but were the kind that could fuel creativity when they adapted to it (even latency). The first kind

significantly altered their sense of being and made it non-existent, while the second kind, even if

initially frustrating, was a type of distraction that they were able to adapt to and find ways around

by thinking creatively. This was due to the fact that the virtual environment also facilitated a sense

of being in and of itself, with latency as a function and characteristic of that environment. The
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extent and nature of the latency is a factor here, as a slight degree facilitates creativity and lateral

thinking, whereas excessive latency could generate too many practical and experiential issues and

thus become a distraction that prohibits a sense of being [505]. In any case, whatever the purpose

of the performance is, designing for being for musicians is about supporting them to feel immersed

in their craft and empowered to adapt the performance variables to their needs, ensuring that the

virtual or physical space or the tool supports their artistic expression.

For audiences, being involves cultivating a sense of presence and connection with the music and

others in attendance [359]. Unlike traditional live events, remote experiences require intentional

efforts to create a sense of being there, as it often competes with the distractions of everyday life,

as seen from my data. Nevertheless, my research revealed that audiences crave for this sense of be-

ing and they adopt different strategies to achieve it. For instance, they actively shape their physical

environments – adjusting lighting, using quality speakers, or even creating festival-like atmospheres

– in order to feel more immersed or generate greater potential for immersion. When this sense of

being lacks in VR, audiences there too, have tried to find ways to improve it, whether this is through

investing in expensive equipment like high quality headsets, body tracking, and even haptic vests.

Moreover, being also comes from moments of interaction with the artist or with other audience

members. Active participation supports this sense of feeling present and in the experience or per-

formance even if the sense of being in the space is not strong. As a result, participation can be used

to compensate for, or mitigate a lack of physical immersion, when trying to create a sense of being.

This observation raises an interesting question: should being in remote music performances shift

to doing? In remote contexts, participants often take on a more active role than in traditional live

settings where presence can simply mean being in the physical space. In a remote or virtual environ-

ment, participants frequently ‘do’ things to achieve their sense of being [14] – whether it is perform-

ing, setting up their space, engaging with interactive features, or modifying their experience through

platform tools. For example, audiences on platforms like Twitch or VRChat engage in interactive el-

ements like chat, avatar customisation, or even influencing the performance itself [481]. Similarly,

musicians may customise virtual environments or adapt their performance styles to fit the medium

[403]. In this sense, doing perhaps becomes integral to achieving being. However, it is important

to avoid reducing being to purely task-oriented actions. Musical experiences do involve moments

of absorption, reflection, and emotional resonance [14], even from home. Audiences described mo-

ments of being at home “just them, the artist and their music”. Therefore, designing for remote music

performances should balance opportunities for active engagement with spaces for contemplation
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and connection, ensuring that the experience remains meaningful, allowing participants to fully in-

habit the moment in the way they choose to [13]. In this case then the being dimension becomes

about crafting experiences that support presence and engagement in all its forms.

The being dimension asks designers to consider how technology can enable musicians to feel im-

mersed in their craft and audiences to feel connected to the event, regardless of physical loca-

tion. In VR, being might mean feeling like you are in a concert hall alongside other attendees. On

a livestreaming platform, it could involve real-time communication with artists or fellow viewers,

where the shared experience creates a sense of belonging. Therefore I encourage you to ask: How

do we design experiences that allow participants to feel deeply connected to the music, the environ-

ment, and others involved? How do we account for the different ways people achieve this sense of

presence, whether through interaction, customisation, or simply being immersed in the music?

7.1.2 Now - Temporality

Now refers to the temporal dimension of liveness, emphasising the significance of experiencing a

shared moment in time. Drawing on the concept of kairos [382] as a critical, opportune, or pivotal

moment, Hammelburg [190] argued that the now of liveness is not confined to strict real-time si-

multaneity but instead encompasses a dynamic interplay of past, present, and future. She described

how event-goers engage in practices such as ‘pre-living’ (anticipating future memories), document-

ing the present, and ‘reliving’ past moments through media [189, 191]. This fluid understanding of

now acknowledges the multifaceted temporalities of mediated experiences, recognising that how we

perceive and engage with the present is shaped by both the past and the future. Our present-day

actions may too be shaped by past-oriented awareness of previous experiences and future-oriented

thoughts of how we might remember the present event once it has become part of the past. Applying

this into the context of remote music performances, now becomes equally fluid, shaped by how par-

ticipants – both musicians and audiences – engage with time in order to enhance their connection to

music. While in Hammelburg’s work [190] the now is flexible, it still revolves around how attendees

perceive and experience one singular moment in time, the moment of the performance. In online

settings, that singular moment in time also becomes flexible [177]. For example, audiences may per-

ceive a performance as being in the now even when it is pre-recorded but accompanied by real-time

interactions. Musicians, too, may perform in the now while their audience engages asynchronously.

Therefore, now in remote settings is in some ways co-created [115], balancing synchronous and asyn-

chronous elements to shape a meaningful but perceived sense of immediacy.
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My research revealed that for musicians, now involves engaging with their craft in real time, even

when that time is disrupted or reshaped by technological constraints like latency. While latency can

interrupt the immediacy of performance, musicians often creatively adapt to these challenges. Some

musicians incorporated latency as a structural element in their music, using it to experiment with

staggered rhythms or harmonies. Others reinterpreted familiar compositions, treating latency as an

opportunity for innovation rather than an obstacle. Such examples demonstrate how musicians can

reframe “temporal disruptions” as opportunities for creativity [505]. For creative musical practice,

the fluid now could provide opportunities to reconceptualise time as a creative tool. Technology

could offer features such as temporal manipulation, enabling artists to rehearse and perform in

ways that are not possible in traditional contexts going beyond audio loopers to embodied practises

and layering of experiences [252]. For instance, slowing down a section to refine technique, looping

specific passages, or pausing to reflect on artistic choices could transform the rehearsal process into

a more adaptive and iterative experience. In performances, temporal features like audience feedback

loops or adaptive pacing could allow musicians to tailor the flow of the event dynamically. Such

practices and intentionality could redefine the immediacy of performance, where the now becomes

an adaptable and creative resource rather than a fixed and potentially constrictive point in time,

while still allowing the musician to be in their physical now.

For audiences, the now dimension is shaped by platform affordances and individual preferences,

offering a spectrum of temporal engagement [177, 359]. Digital platforms allow both synchronous

and asynchronous interactions, enabling audiences to engage in ways that suit their needs [380].

Some may participate in real-time, interacting with artists and fellow viewers through live chats,

while others pause, rewind, or revisit moments, experiencing the performance at their own pace.

This flexibility blurs the lines between ‘live’ and ‘recorded’, focusing on the depth of engagement

rather than strict simultaneity [190]. My research revealed that even pre-recorded performances can

evoke liveness when accompanied by doing real-time interactions, such as audience chats or artist

responses. Conversely, a lack of interactivity can make a real-time performance feel static [449].

Features that promote connection – such as live chats, responsive artists, or communal moments –

anchor audiences to a collective now, even when their temporal experiences differ [482].

Here, an avenue for future research emerges: does the sense of now derive from a lack of ‘paus-

ability’, as in, does the sense of existing in shared temporality with others partly come from the fact

that you cannot ‘pause’ the flow of time in interactions with musicians and audiences? These real-

time, unpauseable elements like live chats may succeed in generating the now of liveness insofar
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as they are able to replicate the unpausability of live in-person events - do pre-recorded videos

of live performances that lack these features feel less live and now because of their ability to be

paused if one needs to refill a water bottle or answer the front door, without worrying about missing

something? Remote events can thus generate now-ness [190] by experimenting with these feelings

of immediacy and concurrent experience for musicians and audiences alike, suggesting that some

degree of real-time element is important to generate the now. Recent anthropological research into

videogame sociality has highlighted the importance of temporality, exploring how perceptions of

time may be significantly altered by differing levels of engagement with digital environments [358]

and developing novel methodologies such as ‘chronotypology’ through which to understand the dif-

ferent temporalities evoked by games [228]. This opens up the space for experimenting with the gaps

and overlaps between ‘real time’ and the temporality of the performance and/or platform.

Overall, designing for the now dimension involves embracing the fluidity of time in digital spaces

while creating presence and immediacy. For musicians, this could mean creating tools that enable

temporal adaptation. For audiences, it requires balancing personalised engagement with shared

temporal experiences. This could include tools that allow audiences to pause and explore the per-

formance from multiple perspectives while preserving a sense of shared presence; making sure that

asynchronous engagement does not detract from the ephemerality and uniqueness of the expe-

rience. The goal is to create moments that translate well into treasured memories, or moments

that those experiencing view as worth being in and remembering [474]. I ask: How can we design

immersive experiences that allow musicians and audiences to experience time in ways that feel im-

mediate and connected? How can tools and platforms amplify the immediacy of now moments while

embracing the fluidity of digital interactions?

7.1.3 Here - Spatiality

In Hammelburg’s work [190] here represents a multi-layered spatial experience shaped by media.

She argued that media technologies do not simply diminish spatial borders but create a plurality of

event locales. This means that the here of an event can encompass: (i) the physical event location

itself; (ii) various mediated spaces, such as livestreams, social media platforms, and even personal

screens; and (iii) transformed home spaces that become dedicated ‘eventspheres’ for remote par-

ticipation [492]. Moreover, here involves constantly navigating proximity and distance. What feels

near or far to the event is not predetermined but is shaped by individual media practices of event

attendees. Building on this, my research applies the concept of here into the context of remote music
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performances, particularly in virtual and hybrid settings. In these performances, here is no longer

tied to the physical location of the performance itself and the plurality of event locales is able to

proliferate without physical limitation. The here becomes a flexible construct shaped by technolog-

ical affordances and human interaction. In many cases, the here even becomes the tool or platform

that facilitates the performance, such as VR environments or livestream platforms. The tool itself

allows for the user to feel a perceived sense of proximity, despite a physical distance, either through

interaction with others, the music, or the virtual space. This perspective encourages designers to fo-

cus on how spaces and tools – both physical and virtual – can support engagement and immersion,

transforming spaces (literal or metaphorical) into meaningful places [105, 198].

For musicians, here is closely tied to their sense of connection to the performance environment.

Virtual spaces, such as those provided by VR Rehearse & Perform, allowed musicians to rehearse in

iconic venues or fantastical spaces [266, 364]. These environments helped musicians feel ‘present’

even when physically at home, turning virtual spaces into places through interaction and creativity.

The process of transforming space into place depended on sensory and embodied engagement.

Musicians emphasised the importance of auditory feedback, noting that spaces lacking good sound

felt incomplete and detached. For some, when their headphones were off and the sound of the

virtual space was blending with that of the physical space, the sense of being here was diminished.

For others, the blending of the two made the here stronger, because the sound was reflecting in a

physical environment as well. This highlights how the auditory dimension shapes spatial experiences,

but still remains subjective.

Moreover, musicians described virtual environments as both instruments and stages, where their

interactions actively defined the space’s spatial and auditory qualities [258, 400]. Just as physical

venues are shaped by their materiality and history, virtual spaces (whether visual or not) influence

musicians’ creative processes [104]. When designing tools for musicians for a remote here, it could

be argued that facilitating a sense of auditory connection with the performance environment is more

important than the visual one – whether that is the physical or virtual space they are playing in or

even the tool their sound comes to them through [14]. Nevertheless, it is important to note that the

sense of being here might deteriorate if the audio and visual do not match – i.e., the space sounds

different than it looks like. Even though in theory this is something that could trigger creativity, I

found that musicians felt really uncomfortable having a big reverberation in a small room or vice-

versa. While a person without an attuned ear might not have noticed, for musicians it was important

and this sense of connection or coherence between the visual and sonic was key.
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For audiences, here is shaped by their engagement with physical, virtual, and platform-specific en-

vironments [177]. Audiences in livestreaming platforms reported a stronger sense of here when they

could interact with others, transforming digital spaces like Twitch from a passive setting experienced

through a screen into a shared, active place where viewers collectively engaged with the perfor-

mance, creating a shared focus and redefining spatiality [454]. For others, their own homes were the

here, particularly when they prepared their space specifically for the performance, whether that in-

volved a complicated set up like a mini festival in the garden or a simple set up with dimmed lights,

a glass of wine, and a blanket. For Social VR audiences the here was the virtual space. However,

interestingly in the cases where there was more than one iteration of the event, the here was the

one with the ‘real’ artist or artists in it, not the one with the recorded instance of the artist, even if

in both occasions the artist looked exactly the same. The here without the real artist felt not ‘live’

even if in the other dimensions it was.

Both musicians and audiences turned spaces into places, achieving a sense of here by engaging

with the performances meaningfully through their patterns of use, shared understanding, and social

or embodied interactions [139, 198]. This resonates with Hammelburg [190]’s argument that media

practices become acts of “embodied placemaking”, through which people actively “inhabit space”,

transforming locations into meaningful event locales. Similarly, online, through their interactions,

whether embodied or not, users engage in digital “placemaking” practices, that turn the performance

‘space’ into a meaningful event locale. Moreover, this aligns with Benford and Giannachi [37]’s idea

where participants collaborate co-produce meaningful event geographies. What if we, as designers,

leverage every aspect of the digital space (soundscapes, visual design, interactive elements) as raw

material for placemaking, guiding participants to turn music performances into deeply resonant,

memorable places?

7.1.4 Together - Sociality

Hammelburg [190] stressed that a sense of ‘being together’ is crucial to experiencing liveness. With-

out a social context, connections to unfolding events lack significance and meaning. Together is not

a given but is actively constructed through the interplay of people and technologies. Social media

practices, like tagging friends, using hashtags, or live streaming, shape and are shaped by concrete

socialities in eventspheres. In this context, media practices become performances of social identity

and relatedness, allowing individuals to express belonging and connect with others who share their

values or interests [407]. Within my own work, sociality is also one of the factors that appears to
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contribute to an experience being immersive. In remote music contexts, sociality emerges through

text chats, emojis, voice interactions, avatar gestures, or even subtle audience-to-audience acknowl-

edgements [481, 483]. This communal sense of co-presence draws on insights from music sociology

[433] and digital fandom studies [35], which reveal how audiences form micro-communities and mu-

sicians respond to and riff off these collective energies. It also relates to how participants negotiate

their roles, whether as performers, active contributors, or silent onlookers who still affect the group

dynamic simply by ‘being there’. Within the remote context, together dimension is about crafting

opportunities for participants to co-create an atmosphere that feels engaging and meaningful.

While in my first two chapters on musicians I focused on individual musical practice, together was a

key element that musicians felt that they were missing from VR Rehearse & Perform. The isolation

imposed by COVID-19 and its disruption of in-person creative practices brought to the surface how

essential social ties are to their artistry and wellbeing [85, 414, 443]. During interviews, many mu-

sicians described struggling with remote collaboration tools, pointing out the loss of spontaneous

exchanges and the emotional charge that comes from playing together with other musicians or audi-

ences. Although latency issues, poor sound quality, and missed non-verbal cues complicated remote

musical interactions, artists still sought opportunities to connect through the tools they had avail-

able to them and even those who were generally opposed to the integration of technology embraced

it for the sake of maintaining social connection [40]. My prototype, VR Rehearse & Perform, did focus

on solo practice, but its potential for supporting collaborative features was clear. Musicians I worked

with expressed interest in immersive platforms where they could rehearse, improvise, or experiment

side by side with others, virtually inhabiting the same environment, hearing and responding to each

other’s playing in ways that feel natural and immediate. This was something that I emulated arti-

ficially in the third iteration of the software by adding pre-recorded musicians, but it was not the

same. Playing together is also the first thing that comes to mind when I talk to any musician about

my work on remote music performance.

For audiences, together is perhaps the most important dimension of the four, whether this is un-

derstood as being together with other audience members or being together with the artist [454]. In

remote music performances, the audience were active participants who co-created the event’s social

atmosphere. Even when the performance was not live but pre-recorded, the audience together cre-

ated the sense of being through interacting with each other. Each interaction amplifies the sense that

everyone is immersed in a common experience unfolding before them, even if they are physically

apart.
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In these remote experiences, togetherness is about forging and sustaining emotional and social ties

across distances. Designers should consider how to design for trust, camaraderie, and empathy

among participants who may never meet in person. Interactions – whether synchronous or asyn-

chronous – become moments of shared cultural production, generating communal memories and

reinforcing a collective identity bound up with the musical experience [481]. As participants en-

gage with one another, they bring their personal contexts, cultural references, and emotional states,

ultimately shaping the community’s narrative and making the experience feel meaningful and im-

mersive. The inside jokes and evolving rituals that emerge in these digital eventspheres create a

communal energy that cannot be replicated by technology alone. Social cues also enhance immer-

sion. Audiences reported feeling more present and emotionally invested when they noticed others

reacting in real time, even if they themselves were not interacting. Moreover, togetherness extends

beyond the digital space. In physical settings, when participants adjusted their environments to

match the event they were watching, it was never a solitary act [454]. These changes were made to

share the experience and attend the event together with others.

Designing for together means treating remote music technologies as fertile ground for social con-

nection [359]. This could involve implementing features that encourage collective co-creation – such

as collaborative playlists, audience-driven set lists, interactive polls, or breakout rooms where small

groups discuss the show. It might mean enabling micro-interactions (e.g., a nod, a clap, a short mes-

sage) that remind participants they are all part of a living, breathing cultural moment. Immersion,

in this sense, stems not only from how participants feel about the music itself, but also from how

they feel about each other, linked by a shared emotional landscape that deepens their involvement.

So the question then is: How can we shape remote music environments so that participants feel

genuinely immersed in each other’s company, rather than as isolated observers of a distant event?

7.1.5 Interweaving the dimensions

Being, now, here, and together do not operate in isolation. They overlap and influence each other

as participants negotiate presence, time, space, and relationships [190], echoing Dourish [139]’s ar-

gument that social and cultural practices shape how we interact with technology. Each dimension,

when considered with sensitivity to personal and collective meaning, encourages designers to pri-

oritise human experience and interpretation over technological capacities or specifics, focusing on

crafting experiences that feel alive – experiences where participants are truly being, fully in the now,

embedded in a meaningful here, and genuinely together. Rather than focusing on what technol-
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ogy can do, these dimensions prompt designers to ask questions [309] like “How should technology

feel?” or “What type of participation do we want to enable?” “How might we cultivate meaningful

interactions between people, music, and place for remote music performances?”

In this context, technology becomes a means to an experiential end, not the driver of the experience

itself. I encourage designers to think about experiences that feel alive and human, no matter how

advanced the underlying technologies are. Instead of seeking a perfect technical solution, designers

could find value in trading off features that serve minimal or no experiential purpose. For instance,

instead of focusing on ultra-realistic 3D graphics, they might invest time in improving audience-to-

performer communication tools or refining the spatial acoustics that matter more to musicians and

listeners. Similarly, rather than forcing everyone to experience the event simultaneously, designers

might embrace asynchronous participation if it better serves reflection and inclusion. These dimen-

sions do not guarantee immersion, but they help designers think about remote musical experiences

as lived situations rather than technical outputs. By asking how to support being, shape the now,

cultivate a meaningful here, and promote genuine togetherness, designers can create remote music

performances that feel immersive and worthwhile in their own right.

7.2 Design opportunities for remote music experiences

The dimensions discussed so far offer a perspective for thinking about remote music experiences

from an experience-first standpoint. They prompt reflection on presence, time, place, and social

connection, encouraging a shift away from technology-led approaches. To move from reflection to

action, this section proposes a series of short and focused design opportunities. Each opportunity

acts as a practical lens to address specific challenges or opportunities within remote contexts. Some

were directly inspired by ideas and suggestions shared by participants throughout this research.

Where relevant, I have included indicative quotes to show how these ideas connect to participant

reflections, though these quotes are not presented as results. I refer to musician participants as M-

PID and to audiences as A-PID. Other opportunities emerged from my own synthesis of the research

findings, my positionality as a designer working in this space, and insights from related projects and

published work. For example, topics such as accessibility reflect broader design concerns that were

less central in participant discussions but are nonetheless important to consider. The opportunities

are intentionally concise, avoiding extensive discussion or references back to scholarship or my orig-

inal data, so that designers and researchers can easily adapt them to different contexts. They serve
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as inspirational starting points rather than prescriptive findings, inviting experimentation and itera-

tion, ensuring that future work can explore diverse paths and refine approaches based on emerging

findings and evolving needs. The section is organised according to different purposes or priorities

that designers may have to facilitate ease of use.

Designing for music training. Musicians in the interviews identified the potential of VR to enhance

musical training. Remote platforms could support music education by enabling learners to con-

nect with professional musicians, attend masterclasses, or receive personal feedback regardless of

location. Artists in training might practice by stepping into their teacher’s role virtually, observing

technique and style from a first-person perspective. For example, the VR experience I created for the

RCM Percussion Festival allowed young people to play a drumset alongside professional musicians47

(see Section 8.2.2 for more information). Moreover, technology could provide a safe environment for

tackling performance anxiety [56]. Simulating a stage setting with adjustable crowd sizes or acous-

tics could help musicians build confidence in varied scenarios [16]. One participant suggested that

technology could “help [musicians] see how they are performing something, either recording it or

in real-time becoming an audience member. So, seeing myself performing, rather than seeing from

my POV. For me, watching myself perform as I’m performing could be quite useful. Because I could

choreograph and try out things (M-P1)”. Platforms might record performances from multiple angles,

allowing musicians to analyse instrument handling and sound balance from different corners of the

venue – including hearing themselves from an audience seat, observing subtle technique details

close up, or experiencing the acoustics from afar. An example of these possibilities in action is the

immersive experience by the Philharmonia Orchestra conducted by Esa-Pekka Salonen48. Through

the app, users were able to move on the stage exploring the various sectors of the orchestra, stand

near the conductor, see the backstage, or enjoy the performance from the usual seats. Moreover,

features like mirrors, similar to those in VRChat [164], or the musicians’ mirror by Arthur Carabott49,

could assist learners in refining their technique by observing themselves in real-time.

Designing for collaborative artistry. The findings from Chapters 5 and 6 show that audiences want

active participation in music performances, seeking involvement that goes beyond simple acknowl-

edgment from artists. Participants highlighted examples of artist-audience collaborations on plat-

forms like Twitch and Instagram, where remote audiences could contribute to performances in real
47https://shorturl.at/22MKf
48https://shorturl.at/G8VnI
49https://www.arthurcarabott.com/musicians-mirror/
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time. This interest suggests that remote spaces enable new forms of collaboration, reshaping per-

formance dynamics. Designers could create tools that allow audiences to influence creative and

technical elements, such as shaping musical content, contributing visuals, or voting on performance

opportunities. Examples of such interactions are already emerging. One participant described Snow

Patrol’s collaborative songwriting on Instagram, where audience-submitted lyrics via the chat were

incorporated into songs, creating a sense of shared ownership. On Twitch, extensions enable au-

diences to vote, receive shoutouts, or influence on-screen activities, tools that artists are increas-

ingly adopting50. Similarly, platforms like VOLTA XR let audiences adjust visuals during performances

through phone apps or live chat. This could also enhance hybrid performances, allowing remote

audiences to control elements like projections in physical venues, strengthening their connection

to the event. Interfaces like voting systems could further blur the lines between performer and

audience, enabling degrees of co-creation previously unattainable.

Designing impossible experiences. Musicians and audiences in my studies highlighted how tech-

nology can create experiences impossible in real life. Musicians imagined performing in fantastical

or unattainable locations, like floating stages or sacred concert halls, or experimenting with uncon-

ventional environments designed to challenge their focus and creativity. One participant suggested,

“It would be interesting to perform in environments totally not conducive to music, like a city street

or a traffic island in New York, to test how well you can focus and adapt”. For audiences, technol-

ogy offers the chance to stand beside their favourite artists during performances or see a concert

from the artist’s unique perspective. Designers can tap into this potential by creating dynamic stages

that morph to the music, gravity-defying platforms, or ephemeral venues that exist only for a single

performance. Interactive environments could even let audiences influence the performance narra-

tive, adding a participatory layer to the experience. Real-world examples showcase this potential.

Fatboy Slim’s VR experience transported audiences into surreal, mind-bending environments while

allowing the artist to anonymously join the audience and experience his music from their perspec-

tive51, 52. Imogen Heap’s VR performance took audiences to a magical reimagining of her childhood

home, blending personal history with immersive visuals53. Embracing the impossible, can help de-

signers create performances that redefine artistic boundaries, offering memorable experiences for

both musicians and audiences.
50https://www.twitch.tv/p/en/extensions/
51https://engagevr.io/fatboy_slim_concert/
52https://voicesofvr.com/1215-fatboy-slims-groundbreaking-trippy-vr-concert-on-engagexr/
53https://www.theverge.com/2018/8/23/17769166/imogen-heap-concert-oculus-vr-headset-thewavevr

205

https://www.twitch.tv/p/en/extensions/
https://engagevr.io/fatboy_slim_concert/
https://voicesofvr.com/1215-fatboy-slims-groundbreaking-trippy-vr-concert-on-engagexr/
https://www.theverge.com/2018/8/23/17769166/imogen-heap-concert-oculus-vr-headset-thewavevr


Designing for physical experiences. Participants in the interviews noted that the lack of tangibility

in remote music performances often made them less memorable. Some suggested physical arte-

facts as a way to address this, with one participant saying: “You could maybe receive something after

attending an event at home, like a flyer, or a key chain, or something. Just so you say you attended

this. It’s something silly but something that is proof that you went there (A-PI06)”. Participants in

the workshop (Chapter 6) further envisioned integrating physical devices into remote performances,

highlighting that not all innovations need to remain on-screen. Tangible artefacts such as sensory

kits, wearable instruments, or interactive devices could connect audiences to the performance’s tac-

tile elements. For instance, a device might emit vibrations synchronised with the bass line, or smart

lighting systems could adapt to tempo changes, transforming the living room ambiance to match

the music’s mood. These ideas blur the line between remote and live experiences, reconnecting

audiences with the physicality of music. Inspiration for such designs can be drawn from existing

trends. Gaming communities often use colour-changing LED light strips that synchronise with on-

screen visuals to create immersive atmospheres. A participant imagined how syncing smart bulbs

to concert lighting could enhance the experience: “If you could sync them with the lighting on the

concert and then when you see the venue change colour, your whole room does. That’s cool because

it gets you more in the atmosphere (A-PI07)”. Physical festivals like Tomorrowland 2024 have also

explored this, through some of their on-site installations offering attendees the chance to customise

private spaces with personalised lights, ambiance, and scents for intimate rave experiences. Sim-

ilarly, K-pop concerts increasingly use synchronised light sticks that change colour in unison with

the music, creating a shared experience for both in-person and remote audiences. For example, IU’s

concerts allow light sticks to sync via Wi-Fi, connecting fans globally. Integrating physical and digital

elements can help designers of remote music performances create experiences that resonate both

emotionally and physically and, therefore, become memorable.

Designing for accessibility. As seen from my results, remote music experiences can reach far be-

yond the physical constraints of a traditional venue, making performances accessible to those who

face barriers to in-person attendance. While traditional venues often incorporate features for mobil-

ity access54, challenges such as travel difficulties, fatigue, or the need for medical equipment can still

impede participation, as seen in research on the difficulties that disabled audience members may

face in attending outdoor music festivals [31]. Additionally, individuals with auditory or visual dis-

abilities may encounter obstacles that hinder their enjoyment of live performances. While Wembley
54https://shorturl.at/ABWg9
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Stadium integrates British Sign Language interpreters, audio descriptive commentary, and hearing

aid induction loops, remote performances could go even further to enhance experiences of those

with auditory and optical challenges [69]. Interfaces could provide captions for lyrics or visual rep-

resentations of sound for hearing-impaired participants. Sensory feedback tools—tactile or haptic

devices—could let participants feel the beat through vibrations or see the music represented visually.

Such approaches align with inclusive design principles [418].

Designing for cross-cultural exchange. Remote music performances enable connections across

cultures, allowing audiences to explore traditions, instruments, and styles from around the globe.

Participants in the audience study shared how these performances helped them connect with artists

from other cultures, like the Korean boy band BTS. This often inspired them to learn more about

the cultural context of the music, demonstrating the power of music to transcend borders and fos-

ter curiosity. The cross-cultural potential of remote performances extends beyond audiences and

musicians to broader opportunities for cultural exchange. Designers could create features like inte-

grated chat translation tools for real-time communication, or interactive maps tied to performances

to situate music within its geographical and cultural context, enhancing understanding and appre-

ciation. Such tools can break down stereotypes and encourage richer dialogue, as supported by

research in intercultural communication and cultural psychology [202]. Examples of the appetite for

cross-cultural exchange are already visible in digital spaces. Belgian creator Ed People’s Teach Me

Your Favourite Dance Move series, where he learns and shares local dance steps from different cul-

tures, has garnered millions of followers and is celebrated for fostering a sense of belonging across

divides55. Similarly, music platforms could offer features like virtual call-and-response sessions in-

spired by global traditions, or highlight unique cultural events such as folk festivals, drumming cir-

cles, or classical concerts. Integrating these tools, platforms can enable users to attend a folk festival

in Reykjavik, or a street performance in Mexico City – all from home.

Designing for sustainability. In-person music events often require significant travel, energy-intensive

lighting and sound systems, and large-scale infrastructure, all of which contribute to carbon emis-

sions and resource consumption [475]. Participants in my study noted that remote music perfor-

mances could help reduce some of these environmental impacts by cutting down on travel, waste,

resource usage, and venue operations. However, remote events are not entirely free of environmen-

tal costs, as hosting them requires energy to run servers, stream high-quality audio and video, and
55https://www.socialnationnow.com/ed-people-brings-people-together-through-dance
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power devices [305]. Additionally, the proliferation of short-lived equipment, such as VR headsets

with limited longevity, further contributes to environmental strain [331]. Designers could create tools

to inform users about their environmental impact. For instance, a streaming platform might display

how much carbon emissions were saved compared to attending in person or provide tips for reduc-

ing digital footprints, such as opting for lower-bitrate streams when possible [370]. Energy-efficient

rendering of virtual stages, promoting modular hardware upgrades to extend device life, and sup-

porting eco-friendly hosting services56 could further minimise environmental costs [153]. In this way,

remote music platforms could reduce some environmental burdens of traditional shows and inspire

participants to make conscious choices about their digital consumption.

Designing for monetisation. During my interactions with musicians amid the COVID-19 pandemic,

I heard first-hand accounts of the financial challenges they faced. Years after the lockdowns, many

have taken on additional jobs alongside their musical pursuits to sustain themselves. This reflects a

broader shift in the industry, where the pandemic exposed the precariousness of creative work and

forced musicians to adapt in diverse ways [85, 413, 414]. These challenges are compounded by ongo-

ing changes in the traditional music economy. Once driven by record sales and album releases, the

industry now relies heavily on streaming services, which often provide minimal revenue for artists. As

a result, many musicians are turning to experiences such as live performances and remote engage-

ments as a key source of income57. Remote music performances present opportunities to capitalise

on the growing importance of experiences in the industry. Research on fan communities highlights

that audiences value opportunities to engage closely with artists, especially when they feel part of

a shared event [35]. Designers could develop monetisation tools that empower musicians, such as

exclusive sessions, subscription-based access to rehearsals, interactive performances, or behind-

the-scenes virtual tours. Integrated tipping (such as Twitch bits), audience-driven set lists (where

fans sponsor a song), or ‘VIP’ rehearsal passes can create new revenue streams that encourage a

sense of connection and participation. For example, on Twitch, fans can donate to streamers money

or Twitch bits to support them, with some streamers having leaderboards and awarding viewers with

specific perks58. Platforms must also reconsider their role in sustaining musicians. This could include

fairer revenue-sharing models, sponsorship opportunities tailored to independent creators, or fea-

tures that prioritise audience-artist engagement. Examples of these efforts already exist. Twitch’s

subscription tiers allow artists to earn directly from their audiences59, while Bandcamp waives plat-
56https://www.thegreenwebfoundation.org/tools/directory/
57https://www.ukmusic.org/wp-content/uploads/2024/11/TIM-Report-2024-reduced.pdf
58https://jinglejam.tiltify.com/
59https://www.twitch.tv/creatorcamp/en/paths/monetize-your-content/twitch-basics/
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form fees every Friday to support musicians60. Platforms like VOLTA XR offer free software to artists

and enable monetisation through audience contributions or events themselves61. Shifting moneti-

sation from selling commodities to creating unique, participatory encounters can help platforms and

tools better meet the evolving needs of artists in the post-pandemic landscape.

7.3 Closing thoughts

Designing immersive remote music experiences involves more than translating live events into pixels

and streams. It calls for embracing human-centred practices, creativity, and curiosity in ways that

recognise the fluid boundaries between physical and digital [93]. Audiences and musicians do not

enter these virtual spaces or use the tools as blank slates; they carry expectations, insecurities, tastes,

and emotions shaped by their everyday lives. At the same time, their experiences with technology

often return to influence their offline perspectives. This reciprocal relationship – where actions

and emotions flow back and forth between worlds – demands a design approach that respects and

celebrates the complexities of being human. A thoughtful designer might ask how new technologies

can balance innovation with users’ well-being. Experimental platforms can inspire new art forms and

build communities, but they may also lead to unsettling or addictive experiences. Imagine a future

where immersive virtual venues overshadow small local music scenes, or where the social fabric of

physical gatherings erodes in favour of more controllable but less spontaneous digital events. There

is a risk that immersive features, if not handled with care, push people toward isolation, or encourage

reliance on intangible experiences that slowly eclipse lived connections. Yet there is promise here

too. Approached ethically, immersive remote performances could offer people worldwide access to

musical communities once limited by geography. They might enable musicians to reach fans who

would never step into a physical venue, or create new opportunities for personal growth and learning.

The point is not to replace reality, but to understand that digital and physical worlds interweave,

shaping each other continuously. This perspective encourages us to be cautious yet open-minded

when designing new platforms and interactions. Designing for immersion requires iteration. This

involves careful observation, regular engagement with users, and flexibility to adjust. It is about

balancing creativity with potential risks to offer experiences that are not just innovative but also

respectful of diverse human needs.

60https://daily.bandcamp.com/features/bandcamp-fridays-in-2024
61https://www.volta-xr.com/
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Chapter 8

Beyond remote music performances.

Reflections from conducting HCI research

As I approached the end of this thesis, it became necessary to offer a personal account of the lessons

learned and the challenges I experienced over the past five years. In this chapter, I move away

from the domain-specific discussions of remote music performances that have characterised the

previous sections and I pause and reflect on the journey that has brought me here. As researchers,

we tend to focus more on the outcomes of our work rather than the journey we have been through.

However, I believe that reflecting on this personal journey is important too, especially for other young

researchers struggling to navigate the complexities and find their voice in the crowded academic

space [335]. Through the various failures and successes of the past few years, I have grown as a

researcher and as a person. Towards the end of my PhD, I began to find my voice in the space where

I operate and to better understand my work and my own values. Here, I take the opportunity to

reflect on some of these learnings, hoping to share a first-person perspective that others might find

valuable, as well as things I wish someone had told me when I started or even during the countless

failures I had to face. On a personal level, these reflections set the tone on the kind of researcher I

want to be coming out of this PhD.

In the sections that follow, I reflect on the inherent ‘messiness’ of research work [391] and the tension

that often arises between technocentric and human-centric approaches – particularly in contexts

where technological innovation is more valued than human understanding. I also look back on the

importance of embracing alternative research outcomes (AROs) – creative, non-traditional formats

of disseminating academic work that may not align directly with original goals but offer unexpected
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contributions nonetheless [526]. Through developing AROs and speaking with others about AROs, I

actually had the most important moments of clarity regarding the value of my work. Additionally,

I write about seeing myself as someone positioned ‘in between’ disciplines, technologies, and per-

spectives – a position that enabled me to bridge gaps, create (or break) collaborations, and approach

problems from multiple angles. Lastly, I explore the emotional dimensions of conducting research

and I share my experiences of working while grieving – a challenge that profoundly shaped my per-

spective on being a human-centred researcher. Grieving while trying to write this thesis brought

into focus the significance of care and empathy – not only with users but also within the research

community and with ourselves as researchers.

Including this chapter may seem unconventional in the context of a PhD thesis; it might seem like a

diary entry of some sort or just a space where I put ‘everything else’. Depending on who is reading

this, it might come across as a critique, it might seem like an unnecessary addition, or it could

be the most relatable part of the thesis. All perspectives are valid, as my intention is to offer a

personal reflection, hoping to encourage readers to reflect and more importantly start sharing their

own journeys. I note here that although there might be a lot of research that supports what I say

here, my reflections are not extensively situated within a wider body of work, since my goal is not to

situate my work within the research space but rather to situate myself within my work. Nevertheless,

I occasionally reference researchers and collaborators who significantly influenced my thinking. In

putting this chapter together and sharing my experiences – both the triumphs and the struggles –

I aim to provide a resource for others who may be navigating similar paths and to inspire them to

approach their work with curiosity, criticality, openness, and a willingness to embrace uncertainty. I

hope to encourage reflection – not just on the research itself but on the journey we each undertake

in our professional and personal lives.

8.1 Where is the ‘Human’ in HCI?

In HCI and in general technology-oriented domains, the pursuit of technological novelty often dom-

inates. Grant assessments, academic outputs, and industry collaborations frequently emphasise the

creation of new tools, systems, or platforms. This focus can lead to a technocentric approach, where

the question becomes, “What new thing can we make” or “What can we do with this technology?”

rather than “What do people actually need?” When I started my PhD, this mindset heavily influenced

me: we do XR, so let’s identify a problem and solve it with XR. While this approach aligns with the
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technical rigour of an engineering school, it left me feeling alienated. The work I was doing felt dis-

connected from the realities of the people I wanted to help and I started despising designing new

techology. My friend Boyd often jokingly referred to me as ‘technophobic’, and while that label might

be exaggerated, it reflected the discomfort I felt with what I was doing at the time.

In my early work, I focused on building VR tools to support musicians, which is what caused me to

begin questioning whether this work genuinely addressed their needs. The musicians I interviewed

had so many problems caused by the pandemic, such as lack of income, mental health problems

and so on, that it seemed impossible that such a population, would be able to access VR equipment

or have the infrastructure to adopt some of the things I was proposing, even in the near future. On

the other hand, when I turned my attention to online communities like those who attend raves in

VRChat, I encountered people deeply embedded in virtual spaces, using technology creatively and

intentionally to meet their needs, not the technology we, as researchers, forced on them to fix their

problems. Social VR users had the means to afford such technologies and were appropriating, adapt-

ing, and reshaping them to enhance their experiences. The contrast between the two worlds forced

me once more to confront my assumptions and re-think my love-hate relationship with technology.

Technology can solve problems, and new innovations are necessary. However, solving problems

effectively requires an understanding of the humans who will engage with that solution or that

technology. In theory, this idea seems obvious, but in practice, this is often not the case. Many

HCI projects fall into the trap of designing solutions that do not fully align with users realities, and

therefore would not apply to real life situations outside of research. For instance, chatbots for people

with dementia or VR training for people in wheelchairs, or in our case VR to replace performance

spaces of musicians, all sound really promising on paper (and would probably be catchy both for a

CHI conference publication or a fancy research grant), but do they truly consider the complexities of

the users’ lived experiences? On the opposite end of the spectrum, ideas produced through more

‘designerly’ methods can sometimes feel too far removed from the context they aim to address, too

philosophical rather than practical and applicable, which is something I observed when my my work

had reach the other extreme. I think the real answer lies in balancing these extremes when the goal

is to design technology for humans (because often the goal may be other things). As researchers

and designers, we must ask, “Who are we designing for?” and, “What can we design for them that

can make their lives better, more fun, more productive (or unproductive), more anything...?”

212



8.1.1 Who are we designing for? Who are we excluding?

Reflecting on my research, I have come to see how important it is to question, not just what we are

designing, but who we are designing for and, importantly, who we might be excluding in the process.

At the outset of this work, I was designing for musicians – creators navigating unique challenges and

aspirations. I realised that my assumptions about their needs and my excitement for what technology

could offer them often shaped the solutions I pursued. I was imagining how musicians could use

technology, rather than starting with an understanding of what they actually needed or the barriers

they faced. This created an unavoidable tension between the technology I was building and the

realities of those I aimed to serve.

For instance, while I envisioned VR as a tool for musicians to rehearse and perform in immersive en-

vironments, the cost of VR equipment immediately excluded many of the musicians I actually worked

with. During the pandemic, several participants faced significant financial instability, making VR an

impractical solution for their day-to-day lives [443]. Although some found value in the prototypes,

it became clear that I was designing for a niche group, potentially excluding those most in need of

accessible tools. This realisation forced me to question myself: “Was I doing work that truly mat-

tered, or was I inadvertently creating technology that reinforced existing inequalities?”. Therefore,

I then turned my focus people who were already using technology, looking at how I could design

for them. But even then, the question remained: “Who gets to participate in these emerging tech-

nological spaces, and who is left behind?”. While the promise of new technologies like VR is often

framed as inclusive and accessible, the reality is more complicated. It caters to musicians and au-

diences with the financial means and equipment to access the technologies and experiences we

design. Meanwhile, for example grassroots musicians and audiences, particularly those from eco-

nomically or socially marginalised groups [308, 343], often lack the resources to participate in these

advancements, while they are the ones who need them the most. This is something I pondered upon

for quite sometime, questioning who benefits from the innovations we design and who risks being

erased or overlooked in the process.

During the second part of my research, though my perspective changed, and this tension, while still

there, was confronted in a different way. When I shifted my focus from creating new tools to studying

how people were already using existing technologies, I came across communities like those on VR-

Chat, which proved to be a turning point in my understanding of who I was designing for. Initially, I

approached these spaces with preconceptions, imagining VRChat users as isolated “computer geeks”.
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I had read literature on harassment in virtual spaces, so I really was envisioning the worse [59, 162].

At that stage, I was already grappling with my existential crisis about the value of using VR to solve

the world’s problems as much research was doing, so I had a hard time understanding why people

would spend so much time in virtual spaces. Regardless, because of the nature of my research, it

was important to engage with this community – they were the ones attending events remotely on a

regular basis.

Figure 34: Selfie with friends in the “MoonLit Wanderings” world in VRChat

Despite my misconceptions, what I discovered was a vibrant, socially engaged group of people using

VR, not for escapism, but as a platform for creativity and connection (see Figure 34 for some of

the friends I made there). For example, they organised jam sessions and Drum N Bass raves. Their

practices revealed a depth of engagement that challenged my earlier assumptions and made me

rethink the value of VR as a medium. For these users, VR was not a frivolous addition to their lives but

a meaningful extension of their social worlds [303]. Many had specific reasons for inhabiting virtual

spaces, including sensory sensitivities, social anxiety, or neurodivergent traits that made physical

spaces challenging [128]. For some of the most extreme cases, the real world with all its inequalities

had really failed them. In VR, they found opportunities to build confidence and social skills, often

improving their offline lives in ways that I found fascinating [128]. They also had the means to use

the technology and were technologically literate enough to test its boundaries. Engaging with the

VRChat community made me realise that technology is not inherently the problem or the solution –

it depends entirely on who is using it, why, and in what context. For VRChat ravers, the technology

addressed a genuine need, and they had the resources and desire to engage with it fully. It is not

enough to create something that could be useful or fun; we need to ask whether it is useful or fun

for the right people in the right context. This also made me aware of how easily we exclude people,

or make assumptions about them, even unintentionally. If we do not take time to understand who

our designs serve and who they leave behind, we risk reinforcing barriers rather than breaking them.
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8.1.2 Technology for technology’s sake

Another thing I have learned in the past five years is the value of looking beyond the ‘new and shiny’.

Innovation is often equated with creating something entirely original, but this way of thinking can

sometimes blind us to the ingenuity already happening around us. Chasing novelty for its own sake

often results in superficial tools or ideas that remain just that – superficial, used one time for that one

experiment. What if we spent more time studying the organic ways people already use technology?

We researchers might find we have much to learn.

Observing existing practices with curiosity is as critical as building new tools. Without it, we risk

designing solutions that are redundant or disconnected from real needs. When I developed VR for

musicians, I aimed to address gaps I assumed existed. But after I engaged with VRChat communities,

I saw a different reality. These users were already performing in surreal virtual spaces, creatively

adapting tools to play instruments, jam, and connect62. Their ingenuity far surpassed what I was

designing. This was humbling. I realised I had spent years creating something these communities

had already figured out, just in their own way. Innovation does not always mean starting from scratch.

Some of the most impactful insights come from engaging with what people are already doing and

applying that knowledge to new contexts. For example, VRChat allows people to share virtual spaces

that can be almost anything. Why do we need to build new VR apps each time that replicate the same

basic functionality? Instead of overlooking existing platforms, we could repurpose them for research

and experimentation [389, 390], expanding on the creativity already at work, rather than duplicating

efforts with redundant solutions which stay within the context of that one paper.

As designers, our curiosity should extend beyond the desire to come up with new ideas to include

a willingness to look closely at the systems and behaviours already in place, and to recognise the

ingenuity in what people are doing without our intervention. This does not diminish the importance

of innovation; it strengthens it. By understanding the ecosystems people have built for themselves,

we can create interventions that are more aligned with their needs and contexts. This can reduce

‘solution’ waste and encourage the development of more sustainable and impactful work. Observa-

tion reveals not only what is missing but also what is thriving, what can be supported, and what can

inspire our work. In the case of VRChat, the community did not need me to design a groundbreaking

platform – they were already performing and connecting in extraordinary ways. What they needed,

perhaps, was recognition of their creativity, and what we needed was to learn from them.
62Resident Advisor 2022. The music, venues and creators driving virtual reality clubbing.

https://www.youtube.com/watch?v=Z5kiPAmgKpY
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8.2 The value of Alternative Research Outcomes (AROs)

In 2023, as I was flying to Pittsburgh for the DIS conference, I found myself stranded in New York

due to flight cancellations. While in the airport queue to change my flight, I met an HCI researcher

who was also heading to DIS for a workshop on AROs. I had no idea what that term meant, so he

explained that AROs are research outcomes (not outputs) that go beyond traditional academic papers

[526, 527]. They can include exhibitions [101, 365], documentaries [281, 525], and other creative forms

of dissemination. Ironically, my suitcase at the time was filled with art created by individuals living

with dementia as part of a research project. I was planning to exhibit those at DIS as an art installation

because I felt that just a paper would not have done justice to the work. After many cancelled flights

and a series of bus trips, I finally reached Pittsburgh. There, I met MinYoung Yoo (Min), the main

organiser of the workshop, and we had several conversations about AROs. Our discussions made

me realise that AROs were a significant part of my research practice and I had been engaging with

them all along without naming them as such. Since that first encounter, Min and I have engaged in

ongoing dialogue about the potential of AROs to reshape research dissemination. Our discussions

have made me reflect on how the AROs I have created throughout my work have shaped it as well.

8.2.1 So what are Alternative Research Outcomes?

We defined AROs as uniquely situated, dedicated research activities or artifacts that emerge as new

endpoints in the research timeline that aim to translate, communicate, or disseminate research in-

sights in an accessible and engaging form tailored to an intended audience. AROs hold unique value

in HCI and design research by offering pathways to share insights with diverse communities in ways

traditional written publications cannot [526]. Traditional academic papers are limited by their dense

language and accessibility barriers. These constraints often alienate non-academic audiences and

fail to capture the richness of lived experiences or the sensory and embodied aspects of research

[120]. AROs, in contrast, allow research to diverge from conventional timelines and formats – such

as workshops, exhibitions, and DIY tutorials – resonating with the communities they target. They

prioritise the accessibility, contextuality, and experiential nature of research, opening up new av-

enues for connection and impact. Looking back at the work of this thesis, I have worked on projects

that stemmed from my research but ended up as AROs that took on their own trajectories, reaching

audiences in unique ways. Below, I reflect on three AROs and the impact they had on my work.
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8.2.2 Three AROs that came from remote music performances

Figure 35: Top: Illustrations by Greg Stobbs. Bottom: Stills from the VR experience

Tingbao: an interdisciplinary project celebrating the beauty of nature

Tingbao [365] is an ongoing interdisciplinary collaboration involving the Dreamsailors Collective –

Richard Navarro, Paul Cheneour, and Cass XuXin – along with myself, visual artist Greg Stobbs, VR

developer Yun Jung Jang, and other HCI researchers, technologists, and musicians. Tingbao tells the

tale of a grandfather who travels through time to find his old memories, re-tracking his past through

the eyes of a young version of himself. The story celebrates the natural world, and in particular,

the ability of plants and animals to stimulate our imaginations [439]. It was inspired by the watery

landscapes of Hambrook Marshes in Kent, UK, an important site for biodiversity which in recent times

came under threat from arsonists and development projects63. The narrative is an allegory for the

fragility of our natural world and a better, more protected future like the one that Tingbao dreams into

being. The project started in 2019 as a music collaboration between composer and performer Richard

and flautist Paul. During the pandemic, as the musicians’ live shows were cancelled, the project took

a turn into the digital world with more people joining. Together, we created different ways to share

the story of Tingbao, such as a musical podcast, a series of illustrations, a live theatre performance

with interactive visuals, and a VR experience64 (see Figures 35, 36). In bringing us together, Tingbao

showcases how different mediums and people can come together to tell stories about topics that

matter. The music of Tingbao was created long before the pandemic; however, the idea to expand its

reach emerged after Richard and Paul engaged with me while I was doing my research on musicians.
63https://www.kentlive.news/news/kent-news/hambrook-marshes-canterbury-beauty-spot-4697779
64https://linktr.ee/tingbao-dreamsailors
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Through talking with me and seeing the potential of technology, the musicians started thinking about

ways to expand the impact of their music. My role in Tingbao was more than that of a connector, I

brought together ideas and talents to realise a shared vision.

Figure 36: Stills from the live show

While Tingbao is not directly part of my thesis, it emerged from my research and I have been working

on the project throughout. More importantly, Tingbao became an integral link to the music commu-

nity, linking me to the people I work for in many ways. I recently showcased the VR experience at CHI

PLAY in Tampere and the Work in Progress (WIP) art festival in Cyprus. These exhibitions enabled me

to communicate my research to academic and public audiences in ways that traditional academic

outputs never could. Without Tingbao, I would not have engaged with as many people or reached

such diverse audiences. While a project like Tingbao could have existed outside my research, it be-

came what it is nowadays because my research and my involvement in its early stages shaped its

trajectory. My work would also have existed outside of Tingbao but I would never have gotten to see

practical manifestations of it. Also the performance of Tingbao was my first live show where I got to

contribute to the show itself - as a performer in some ways, even if that was just a midi keyboard to

trigger visuals.

Figure 37: Tingbao at WIP Show Cyprus (left and middle picture) and at CHI Play demo track in Tampere (right).
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VR for percussion training

The second ARO I want to mention is a VR experience I developed for percussion training in col-

laboration with performance scientists from the Royal College of Music (RCM) and researchers from

the Creative Computing Institute at University of Arts London (UAL). This project was built upon our

earlier work on the VR Rehearse & Perform project and was created as part of ongoing discussions

about innovative possibilities for music education. At the time, RCM was preparing for its annual Per-

cussion Festival, a major event attracting thousands of attendees. They wanted to have an inspiring

installation for young people to spark their interest in percussion instruments.

We began with a workshop involving RCM percussionists to explore ideas. It became clear that simply

showcasing instruments would not sufficiently engage young participants. With fewer young people

taking up music, we needed a creative approach that demonstrated both the beauty of percussion

and the potential within themselves to learn and excel. Inspired by my research, we considered

creating a remote, immersive training tool that could guide learners without requiring an instructor’s

physical presence, but also that would not just be a screen. After an initial brainstorming session,

I went home to refine the concept and returned with a range of ideas for the percussionists to

test. Using a VR headset and some other technology available to me, such as portable projectors,

I demonstrated existing applications, including a piano training app that utilised the passthrough

technology of the Oculus to instruct how to play the keys. However, the concept still felt uninspired.

Through further discussion, we realised that the most compelling approach would involve exposing

young people to professional percussionists themselves. This led us to imagine a VR experience that

captured the perspective of an expert musician and allowed the user to be in the musician’s shoes.

Figure 38: Photos from the workshops with performance scientists where I exposed them to different VR applications that
could inspire them.
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Together with Yuni, we filmed 360-degree videos of professional percussionists performing and in-

tegrated them with a VR setup. The experience mapped a physical drum to the ones being played in

the video, allowing users to feel as though they were part of the performance. This interactive and

immersive tool was showcased at the Percussion Festival, where it resonated strongly with attendees.

Participants, especially young people, were captivated by the opportunity to step into a musician’s

perspective and observe their technique up close, while also being able to play alongside them. Just

imagine putting on a VR headset and seeing your teacher from their perspective, being able to follow

their technique. This VR experience was such a simple idea that perhaps could not have been a novel

research application but it did its job, it engaged the public both with the potential of percussion

but also with the potential of remote music performances for music training.

Figure 39: Photos from the RCM Percussion Festival exhibition with attendees being able to play drums with famous
musicians in VR.

Audiences of the future workshops

The Audiences of the Future workshops is a series of workshops I ran with my collaborators at UAL,

Dr. Vali Lalioti and Dr. Bea Wohl. Inspired by the VR Rehearse & Perform project and a workshop

I previously conducted at IMX on Performances of the Future [363], we aimed to showcase existing

technologies to artists and encourage them to imagine how these tools could transform their work.

Our goal was to spark ideas for performances that could engage audiences in new ways, whether by

creating more immersive experiences or connecting with people across distances.

We conducted two workshops, the first with eight artists and the second with ten, held in two stun-

ning theatres in London. We intentionally chose these spaces to provide an inspiring and familiar

environment, ensuring the participants felt grounded in a setting that related them to their practice.

The workshops were simple in structure: we introduced the kind of work we were doing and then

presented a range of technologies for them to explore. These included not only VR but also apps
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on iPads and laptops (such as the software version of VOLTA XR), mini projectors, and other accessi-

ble tools. From there, we gave the artists free rein to experiment. The results were beautiful! They

envisioned performances that leveraged technology to co-create with audiences, extend their reach

to remote viewers, and innovate how they could tell stories on stage. These imaginative exercises

revealed the immense potential of these tools to inspire both artists and audiences alike.

Figure 40: Stills from the Audiences of the Future workshops with participants using portable projectors and VR headsets
to prototype how they envisioned performances.

These workshops also impacted my own work. They inspired me to focus more on audience engage-

ment for the second part of my thesis. Additionally, the approach we used – providing an open-ended,

exploratory space for creativity – shaped how I structured the workshop in Chapter 6. This ARO ex-

emplified how creating spaces for play and experimentation can not only support others’ creativity

but also feed back into our own research and personal practices.

8.2.3 Reflecting on AROs

Reflecting on these AROs, I see how they came organically from my research but took on lives of

their own. They enabled me to connect with the communities I serve and reminded me that research

should not only be about knowledge production for other researchers. It should be about knowledge

production (or sharing more like) for everyone. The success of the AROs was in their ability to connect

with diverse audiences, encourage collaboration, and open pathways for new ideas. In the end, each

ARO also gave back to me, and without these projects, my work would not have been what it is

today. They allowed me to tap into my strengths as a designer, artist, and researcher, blending my

skills in ways that traditional academic outputs could not. Each project inspired me, offering new

perspectives and driving me to think differently about the role of research in creating impact.

Nevertheless, developing AROs brought its own challenges, such as issues around authorship and

evaluation. For example, Tingbao involved numerous collaborators – musicians, artists, and tech-

nologists, whose contributions were crucial. Yet, academic structures offered limited ways to credit
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them adequately when presenting the project at conferences like CHI PLAY. While I included their

names in the abstract (something I do a lot recently with work, where people who help do not have

ORCID IDs), this gesture felt insufficient to reflect their integral roles. AROs resist conventional eval-

uation metrics. Their impact is not measured by citations but by their ability to inspire and engage.

While conferences like DIS and CHI PLAY, with their demo and exhibition tracks, are starting to recog-

nise these contributions, they remain anchored in academic contexts, often culminating in a written

paper. This tension highlights a need for more inclusive systems that value experiential, situated

knowledge within our communities.

Through my conversations with Min, I gained the vocabulary to frame AROs as distinct research

outcomes rather than ‘side projects’. Having this understanding has helped me articulate their sig-

nificance and position them within my academic journey. By including this reflection in my thesis,

I hope to foreground the role of AROs and advocate for their continued recognition within HCI and

design research communities.

8.3 Being the in-between

In July 2024, at the DIS conference in Copenhagen, I introduced a senior HCI researcher I had met

the year before at the same conference to my advisor, Dr. Alexandra Covaci. Alexandra asked about

their specialisation. The response was, “I am not really good at one specific thing; what I’m really

good at is bringing things together like puzzle pieces, being an in-between”. Their passing comment

stayed with me and got me to reflect on my own identity as a researcher and the broader value

of occupying the ‘in-between’ space. HCI is inherently interdisciplinary, blending amongst others

design, engineering, and social science to explore and create new possibilities [58]. Researchers in

this field often adapt their identities based on the context – they might be technologists, designers,

or theorists depending on the task at hand. That one comment helped me realise that my ability to

move between things, between disciplines, between theory and practice, and between people, is at

the core of my work.

When I began my PhD, I was a designer trying to position myself as a technologist and an XR re-

searcher. In the School of Engineering, surrounded by peers and advisors with technical expertise,

I often felt like an imposter. I questioned my place in a context that seemed to value outputs that

were functional, measurable, and productive. But I tried to take on this identity and my early work
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reflected this – I focused on solving problems and creating tools, working within the expectations

of the environment I was in. My attempts to conform to this mindset left me disconnected from my

own strengths and values, but I also felt disconnected from the new identity I was trying to adopt.

A year in, this changed when I came across work by Ferran Altarriba Bertran, and through him I

discovered the space of designerly HCI [7, 170, 341]. Framing design, not as an adjunct to technology,

but as a central method for exploring and creating new possibilities, resonated with my background

as a designer and encouraged me to start tapping into it again. I began to view design in HCI not

as a process of solving predefined problems, but as a means of generating questions, encouraging

creativity, and exploring emerging spaces. Inspired by this, I tried to start positioning myself as a

design researcher, aligning my work more closely with the practices and principles of researchers

within designerly HCI and communities like DIS. Yet, even in this space, I often felt like I did not fully

belong. I was not a trained design researcher and my work was too practical, too technical, not crazy

or provocative enough. I struggled to reconcile the technical aspects of my PhD with the open-ended,

generative ethos of designerly HCI. This left me feeling once again like I was straddling two worlds –

neither fully a technologist nor fully a design researcher.

8.3.1 Embracing halfness

Being an ‘in-between’ made me struggle quite a lot when trying to position myself within established

academic or professional frameworks. I often felt like I knew a little bit of everything but not enough

of anything to be able to fit in. What could I contribute to a department that had so many people

being able to make VR, or to a design team with plenty of trained designers? Nevertheless, over time,

I came to realise that this ‘in-between’ identity is not a limitation but a strength. I am, by necessity

and by choice ‘half’ or less of everything – a designer, a technologist, an XR researcher and many

other things. My halfness allows me to adapt to diverse contexts and bring together perspectives

that might otherwise remain disconnected. It has enabled me to work across a range of fields and

projects, from music and theatre performance to human-food interaction, dementia care, heritage

and Social VR. For example, in the Tingbao project mentioned in the previous section, being in the

middle was exactly my role. I did not create the music, nor the art, nor the VR, but rather, I brought

the people who did all those things together and exposed them to ideas and possibilities, which

resulted in the diversity of outcomes we had. Where something that someone else could not do

was needed, I filled that role, e.g., I animated the illustrations and made them audio reactive for the

performance or I brainstormed with Yuni about developing the VR. If all these other people were
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not there, none of the diverse outcomes of Tingbao would have existed. But if I was not there the

intersections between all the people and outcomes would not have been there.

My thesis itself further reflects my in-betweenness. While, as PhD candidates, our work should be

in-depth and focused, mine is a little bit of everything (and maybe a lot of nothing) – it is not a

design thesis, a music thesis, an engineering thesis, or an XR thesis, but a blend of all. This might

make it appear fragmented to some and dilute its focus, but it also renders it accessible to a wide

audience. I would like to think that designers, technologists, XR developers, and musicians can all

find something of value within it. A designer reading this might not learn from my human-centred

design methods but they might learn from my approach to technology design. A computer scientist

or even a musician will find my technological contribution insignificant, but then they might learn

from my methods.

An example of this is the CHI paper that was published based on Chapters 3 and 4. When I tried to

submit it as a technology contribution to VRST, the technology part was found not novel enough; when

I tried to submit it as a designerly contribution to DIS, the design methodology aspect again was not

strong enough. However, when I submitted it as a CHI paper that had a little bit of both but not too

much of one or the other, it was accepted and quite well received. When later, Lucas Turchet, one of

the people leading the Internet of Sounds community, which is highly musical and highly technical,

read my work he contacted me and remarked that while he didn’t learn much technologically or

musically from my work - things were obvious to him as a musician and technologist - he found my

approach and the way I conceptualised technology thought-provoking and human. This comment

reinforced my belief that the value of my work lies not in advancing a single discipline but in bridging

the gaps in between. My bridging role is also evident in how I collaborated with people throughout

this research. Working with artists, technologists, audiences, and musicians required me to find a

shared language and create mutual understanding, which I would like to think I have done well. My

thesis is as much of my participants and the people i worked with as much as its mine.

8.3.2 Lessons learned from the middle

Working as an “in-between” researcher has revealed both the challenges and value of navigating

across disciplinary spaces. One of the most important lessons I have learned is that identity in

research is fluid. Many of us come into academia with a clear sense of who we are—or who we think

we need to be; whether as designers, technologists, or theorists. But over time, these roles shift.
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They are shaped by the work we do, the people we meet, and the environments we navigate. I began

this PhD as a practising designer, then tried to become a technologist, and later tried to return to

design. But even then, I never fully fit. The truth is, very few of us do. Most of us operate on a

spectrum, leaning more toward one side or the other depending on the context, or simply hovering

somewhere in the middle.

Being in-between has allowed me to bridge ideas, people, and methods that may not naturally meet.

In my own work, this has meant combining design and technology to explore remote performance in

ways that made sense to musicians, artists, and collaborators. It also meant helping collaborators

from very different backgrounds understand one another, and finding the common ground between

them. I have learned to communicate across roles, to translate language between domains, and to

create space for different types of expertise to be heard and valued. This bridging role might seem

intangible, but it is a significant contribution in fields like HCI, where interdisciplinary thinking is really

important for tackling complex challenges, but frequently work still seems to fall either on one side

or the other – e.g., sometimes design work is too designerly and intangible for technologists to learn

from and technology work is too technological for designers to tap into. There is a big difference

between work that simply combines fields and work that genuinely connects them. I have tried to

hold that connection space.

At the same time, working in-between means becoming comfortable with uncertainty [437]. Nei-

ther fully technical nor fully designerly or artistic spaces feel like a perfect fit. Engineering-focused

environments can sometimes lack the openness needed to explore emerging questions. Designerly

spaces, while rich in creativity, can feel detached from implementation and impact. Being in-between

means holding these tensions and trying to navigate them carefully, making sure the work remains

imaginative but also grounded in the contexts and people it hopes to support. That has shaped how

I approached this thesis, how I designed the studies, and how I collaborated with others. I have tried

to balance vision with practicality in ways that feel relevant, not just to academia, but to the people

I worked with along the way.

Some of what I write here might sound familiar to those who already work in interdisciplinary spaces.

But are they? Is being in-between the same as being interdisciplinary? I’m not sure “interdisciplinary”

fully captures what I mean. Interdisciplinarity often implies drawing from two or more established

disciplines – typically from a position of being trained in at least one of them. That is not the case for

me. I did not come into this work as a trained designer, a computer scientist, or an engineer. I do not

hold formal qualifications in any of those areas, and I was not educated in their theories or methods.
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While I contribute to conversations in HCI, design, and technology, and publish in their venues, I have

never really belonged to any of those communities. My academic background is in Digital Arts, which

at the time focused mainly on creative software. Although I’ve worked as a designer, I never received

training in design research or design methods. My PhD, although situated in a School of Engineering,

did not include HCI or technical training. The title I received, PhD in Digital Arts, does not reflect at

all what the work actually is, and it often works against me in professional contexts.

This is not just a matter of confidence or experience. It is also structural. In Cyprus, for example, I am

currently not eligible for faculty positions in HCI or Interaction Design in public universities because I

do not have a degree in computer science or design. These exclusions are reminders that disciplinary

belonging is shaped not only by what we do, but by how institutions recognise and categorise us.

And it shows up informally too; in how I speak with designers or technologists, or in the feeling that

I lack the theoretical or technical backbone to be fully part of either group. But that position, on the

edge of several disciplines, also brings advantages. It has made me flexible and open to ambiguity.

It has helped me listen better, connect ideas across gaps, and support others in working together. I

may not have disciplinary authority, but I can help build conditions where collaboration is possible.

I can join dots that others might not even realise are connected.

So while there are overlaps between being in-between and being interdisciplinary, I believe they are

not the same. Interdisciplinarity can mean moving between clear points. Being in-between means

working in the spaces where those points blur. It is more fluid, less defined, and sometimes more

isolating, but also full of potential. More and more researchers are coming into these fields from

unconventional paths, and I want this thesis to speak to them. Not as a guide for moving from one

discipline to another, but as a reminder that valuable work can emerge from the middle; from the

uncertain, unsettled, and sometimes messy space in between. This thesis is a product of that space.

It does not sit neatly in one domain and it does not even relate to the title I get from it, since it has

little to do with Digital Arts. But that is also what makes it accessible. It may not advance a single

discipline, but it contributes by helping others see what can happen when people, questions, and

methods come together and reshape one another. That is the strength of the in-between.
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8.4 What happens when a researcher cannot think?

The PhD journey is often described as one of the most demanding academic paths, characterised by

isolation, uncertainty, and intense self-discipline [371]. Research highlights the alarming prevalence

of mental health challenges in academia, including high rates of depression, anxiety, burnout and

suicide among doctoral students and early career researchers [88, 144, 397]. I could probably cite 100

different papers that talk about this mental health crisis, but I will keep it light on them. However,

it is a well-established fact that academia is hard; researchers very often struggle because we are

the type of people who think a lot and question a lot [329]. These struggles are amplified by a

culture that equates productivity with worth [434, 459], leaving little room for vulnerability [19]. When

personal crises intersect with these existing pressures, the impact on a researcher’s ability to think,

communicate, and produce knowledge can be extensive.

In a space where our primary task is to think, what happens when thinking becomes impossible

[369]?

In July 2023, I had completed the data collection phase of my PhD and planned to spend the remain-

der of the year writing, aiming for a December submission. Despite earlier challenges – including the

absence of a research community, academic politics, and lack of funding – I was confident I could

finish. Leaving behind the environment that I associated with many of these struggles, I relocated

to Athens, envisioning myself writing in vibrant little cafes. It felt so exciting! Life, however, took

an unexpected turn. Over the following months, a series of personal crises derailed my plans. My

long-term relationship ended. My grandmother, who is central in my life, was diagnosed with breast

cancer. My responsibilities in Cyprus, a place I had never envisioned living in, began to grow. I had

to move back to a home that never felt like home to take care of the people I loved. Balancing care-

giving responsibilities and working to be able to sustain myself left little room for the PhD. Later, as

I slowly attempted to regain my footing, further challenges came up. A second close family member

was diagnosed with breast cancer. My grandmother was diagnosed with a second cancer. My grand-

father, who had been battling health issues for the past year, unexpectedly passed away. And my

grandmother fell into such deep depression, expressing suicidal thoughts on a daily basis. I was left

emotionally and mentally drained. I had to process my own grief for losing one of the two people

who practically raised me, while being in constant fear that I might lose the other one. I also had to

be there for a family battling grief, cancer, and mental illness all at once.

The thesis became a symbol of everything I had sacrificed; it became a thing of hate. Opening the
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document reminded me of the calls I had not picked up because I was working and the Christmases

I had missed because travelling would be too distracting. I thought about all the times I had said,“No

I can’t come for lunch, I need to work on my thesis”. Now, I would never have lunch with my grand-

parents again. How could I have prioritised this thing over them? Writing felt impossible. Some days,

I sat in front of the document for hours without typing a word. The strain extended to my broader

academic responsibilities. Due to my mental fog, I found it increasingly difficult to communicate ef-

fectively, affecting my ability to contribute to joint projects or meaningfully interpret feedback. Panic

attacks and an overwhelming sense of unworthiness made even professional tasks feel impossible.

For example, at the DIS 2024 conference, I nearly walked out of the hall instead of presenting my

paper and a workshop I was supposed to lead fell apart due to my inability to manage it, leaving

some of my collaborators disappointed. I became so unreliable that collaborators stopped wanting

to work with me.

The mental toll was compounded by my strong feelings of shame and inadequacy. I postponed my

submission date multiple times and turned down postdoctoral opportunities, which further amplified

a sense of failure. People around me kept asking why I could not “just write” as my data collection

had been finished for so long and “I just had to put things together”. Why couldn’t I just do it?

Their inability to understand mirrored and intensified my own internalised doubts. The internalised

narrative of weakness, coupled with academia’s culture of silence and expectations to ‘just finish’,

made me feel isolated, incapable and unfit for academic work. In reflecting on this period, I see how

it forced me to confront the limitations of my resilience and question how academia supports – or

fails to support – those who keep it running. The expectation to ‘push through’ is not only unrealistic

but harmful, especially when mental clarity is critical to what we do. If the very act of thinking and

interpreting is compromised, how can we be expected to produce valuable academic work?

8.4.1 The impact of grief on my research

The nature of research, particularly qualitative research, demands not only intellectual rigour but

also emotional and cognitive engagement [386]. Analysing data, developing insights, and shaping

arguments require focus, creativity, and emotional balance. When the mind is clouded by grief or

mental fatigue, these processes become extraordinarily difficult. For a time, I could not see how I

could continue, let alone complete, this thesis.

As I navigated my struggles, I became acutely aware of the lack of infrastructure within academia to
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support researchers in times of crisis. Even before my personal challenges, I had found institutional

support insufficient. Mental health services were overstretched, often requiring long wait times, and

there were no dedicated resources for doctoral students grappling with the unique pressures of

academia. These deficiencies became even more pronounced during my grief. Balancing caregiving

responsibilities, financial pressures, and academic demands left me without the time or energy to

seek the help I needed. The expectation to “push through” felt crushing. I relied on personal strate-

gies – therapy (a lot of it), martial arts, peer support, and community engagement – to regain my

footing. But it took a lot of time and money. These helped me find balance and begin to reconnect

with my work. However, I recognise how fortunate I was to access these resources independently;

not everyone has the means or time to do so.

While working through these challenges I noticed a shift in how I related to my research. The act

of putting myself over my work to be able to find balance gave me the clarity to confront deeper

questions about what I wanted this PhD to represent. Grief heightened my sensitivity to the human

dimensions of my research, helping me articulate what my work was about all along – the humans

not the technology. My research has never been about contributing new technology within a design

space, rather it is more about amplifying the human experience within it.

Had I finished this PhD a year ago, this thesis would not have been mine. I would have written it

but it would not have my voice in it. Grief changed me. It matured my perspective and helped me

find my voice. It also gave me the confidence I needed to adopt a reflective and personal writing

style. Writing in this way, particularly in the context of the School of Engineering, felt unconventional

and risky. Yet, leaning into vulnerability felt necessary. Through this process, I found not only my

voice but also the courage to use it. I came to understand that my contribution to the research

community is in creating work that speaks to the realities and complexities of the people it seeks

to serve, irrespective of whether that work is novel or not. My thesis, shaped by my grief and my

growth, is a reflection of who I have become and the values I now want to bring to my work.

8.4.2 Starting a conversation

Before beginning my PhD, I was deeply engaged in mental health advocacy. I championed the impor-

tance of speaking out, delivering talks in schools across the UK65, addressing researchers in India66,

and organising creative workshops between university students and mental health hospital residents
65http://www.sppali.com/work.html#cbp=ajax/toolkit.html
66http://www.sppali.com/work.html#cbp=ajax/india.html
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in Singapore. Even my master’s thesis explored the stigma surrounding suicide67. Part of this work

involved being open about my own mental health struggles. I believed that sharing my experiences

could encourage others to do the same and challenge the stigma surrounding mental health.

However, upon entering academia, I felt silenced. The culture prioritised competition and produc-

tivity, leaving little room for vulnerability. The topics I had been so passionate about suddenly felt

taboo. I noticed many peers grappling with impostor syndrome, anxiety, and burnout – so common,

in fact, that I cannot think of anyone who did not struggle at some point. Yet, everyone maintained

a brave face. This unspoken expectation of stoicism created an isolating environment where it felt

unsafe to share struggles. Academia, particularly at the PhD level, is inherently isolating [19]. Without

meaningful avenues for support, personal challenges often amplify professional pressures.

This silence harms not only individuals but also the research they produce. The emotional toll of

our work is inseparable from the intellectual process, yet academia often fails to acknowledge this

reality [434, 459]. Some institutions offer counselling or coaching, but these resources are often

underfunded and inaccessible. For me, this isolation was heightened as I worked in an institution

where few others conducted HCI research. Most of the meaningful support I received came from

conversations with people I met at conferences. Peers shared their struggles and coping strategies,

making me feel less alone and more capable of continuing. These exchanges were invaluable, but

they also highlighted how much is left to chance. I was lucky to attend conferences and build a

network; what about those who lack the funding or opportunities to do so?

Adding this section to my thesis – even though it is deeply personal and might make others uncom-

fortable – is my way of starting a conversation. Through sharing my story, I discovered how common

these challenges are among researchers: a colleague who got off a plane to care for a sick child,

another who navigated experiments while undergoing chemotherapy, and yet another who battled

panic attacks before every presentation. These stories revealed a shared vulnerability that remains

largely unspoken, further isolating those who are struggling. Academia must address mental health

challenges openly and systematically. If our work demands clarity, creativity, and focus, we need

structures that support these qualities, especially during crises. As an HCI community, we must also

recognise our responsibility to support the humans behind the research. Institutions cannot bear

this burden alone, especially when their efforts often fall short. We need spaces where researchers

can connect, not just about their work, but as people navigating the challenges of academia. These

spaces should extend beyond institutions or costly conferences.
67http://www.sppali.com/work.html#cbp=ajax/suicide.html
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If HCI prides itself on centring the human experience, we must care for the humans who make the

field what it is.

We must normalise discussions about mental health and acknowledge the personal challenges that

shape our work. Why should we feel alone when so many share these struggles? In HCI, where the

human experience is central, we have an opportunity and a responsibility to lead by example. How

can we design systems that better support researchers? How can we create environments that priori-

tise care and connection, not just with our participants but also within our academic communities?

These questions require collective effort and a willingness to challenge the status quo. Through ther-

apy, conversations, and reconnecting with what matters most to me, I found ways to continue this

work. But these journeys are not linear, nor are they always successful in conventional terms. My aim

is not to provide solutions but to invite further discussion. If this thesis, shaped by personal struggle

and growth, can serve as a starting point for conversations about mental health in academia, then

its value extends far beyond its specific contributions to the field of remote music performance.

8.5 Reflecting on reflecting

By reading this chapter, you, the reader of this thesis, have learned about me – my challenges, my

growth, and the perspectives that shaped this thesis. My journey as a researcher is inseparable

from the research itself. The ideas, arguments, and findings presented in this thesis did not arise

in isolation; they were influenced by my experiences, my doubts, and my evolving perspectives. In

reflecting on some parts of my journey, I have been able to look at my work from different angles,

strengthening my understanding of what it represents and why it is as it is. I hope that by sharing

my reflections, I also helped others do the same.

Without this chapter, I would not be present in this thesis. My existence as a researcher would have

been reduced to a name on the title page. You would not know the personal context that influenced

the choices I made, the tensions I grappled with, or the shifts in perspective that defined my work.

This chapter provides insight into why this thesis exists in its current form and how it came to be. It

connects the knowledge produced here to the person who produced it. Knowledge production is as

much about the researcher as it is about the data. We interpret data, define problems, and shape

findings through the lens of our own understanding. When that understanding shifts, so does the

knowledge we produce. This can lead to new insights, even from the same material.
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Reflection is, therefore, not just a personal exercise; it is an important part of research. It allows us

to contextualise our work and revisit its purpose, often uncovering new dimensions in the process.

Research is not static, nor is it ever fully objective. It evolves alongside the researcher, shaped by our

choices, assumptions, and experiences. Recognising this relationship can enrich how we approach

and evaluate research. Understanding the human element behind knowledge production reveals

the origins of the methods we choose, the problems we address, and the perspectives that shape

our approach.

For example, consider research on chatbots for people with dementia. Did the idea originate from a

fascination with the technology, later applied to the context of dementia? Or did it come from a need

identified from working with a community, with technology serving as the tool? These origins matter.

They provide insight into the purpose of the research; whether the problem drove the technology

or the technology generated the problem. Both are valid, but understanding the origins allows us

to evaluate the technology appropriately. Is it a potential tool for addressing broader issues, or is it

a solution designed specifically for a predefined problem? Without this context, we risk evaluating

outcomes without fully understanding their intent or purpose, potentially missing the bigger picture.

This chapter is an invitation to consider the human context behind knowledge. It is a reminder that

the work we produce is never detached from the people who create it. Reflection helps us situate

knowledge within the realities of those who generate it. This practice not only deepens our under-

standing of the research but also fosters greater transparency in how problems are framed, methods

are chosen, and knowledge is shaped. It pushes us to move beyond surface-level evaluations of out-

comes and to critically assess purpose, origin, and intent. By reflecting on my own process, I have

come to see my work in a new light. Reflection has allowed me to uncover new dimensions in my

research, not by generating new data but by revisiting what was already there with a different per-

spective. I hope this chapter encourages you to think about the human in research – not just in my

work, but in the work you encounter.
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Chapter 9

Conclusion

Concluding this thesis is both a reflective and fulfilling moment. I began this research with a simple

yet challenging guiding question: how can we capture the magic and connection of live music in dig-

ital spaces? As someone greatly moved by music but not a musician, I was curious how technology

could bridge the emotional and creative gaps that surfaced when physical spaces became inacces-

sible. My work explores the design space of remote music performances through the perspectives of

musicians and audiences. Throughout this thesis, I have investigated the lives of musicians adapting

their creative practices when traditional spaces were out of reach, and I have listened to audiences

seeking meaningful experiences in virtual concerts, longing for the connection that live events bring.

Along the way, I have dealt with the complexities of navigating the entanglement of designing tech-

nologies that prioritise human experience while also embracing technological possibilities.

This work has aimed to provide domain-specific and methodological insights into how we might de-

sign for immersive remote music performances. My research responds to gaps in holistic approaches

in this space, where existing work focuses narrowly on either musicians or audiences, specific tech-

nologies, or isolated use cases [464, 468, 481]. By integrating these perspectives, I sought to contribute

a more practice-oriented understanding of this design space. In this final chapter, I revisit the re-

search questions that guided my work, summarising key findings and insights. I also acknowledge the

limitations of my work and what future work can investigate. I hope my work guides other researchers

and designers to continue this exploration and inspires them to approach digital experiences with

creativity, care, and human-centred thinking.
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9.1 Revisiting the research questions

When I started this thesis, I sought to investigate how remote music performances could be under-

stood, designed, and enhanced through human-centred approaches. For this, I posed four research

questions I wanted to explore throughout my work (see Section 1.2). The research questions guided

my journey through the design space of remote music performances through the eyes of musicians

and audiences, as well as through my own position in the research and its evolvement. Having

completed this work, I return to these questions, reflecting on how they have been addressed and

situating the answers within the broader contributions claimed in Chapter 1.

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

what is the role of technology in facilitating this adaptation?

In this thesis, I explored how musicians and audiences adapt to remote music experiences, focusing

on the challenges and opportunities these contexts present. I examined how technologies, such as

spatial audio systems, livestreaming, and VR environments, shaped their approaches to remote per-

formance and engagement. In Chapter 2, I highlighted how the COVID-19 pandemic forced musicians

and audiences to embrace technology as a tool for maintaining musical connection. While tech-

nology facilitated adaptation, musicians and audiences prioritised retaining the human essence of

musicking [432, 433]. They found creative ways to overcome physical separation, preserving a sense of

shared experience. In Chapters 3 and 4, I focused on musicians and showed how immersive technolo-

gies, particularly VR, can support creative musical practices. Well-designed tools enabled musicians

to rehearse and perform in virtual spaces when physical venues were unavailable. Features such as

virtual acoustics and visual feedback allowed musicians to experiment creatively, adapt techniques,

and reimagine their performances. Chapters 5 and 6 examined audience perspectives, revealing how

remote attendance expanded participation and connection beyond traditional in-person events. Au-

diences engaged with livestreams, VR concerts, and other digital platforms, each offering unique

interaction dynamics. Technology served as a bridge, connecting geographically dispersed people to

music and each other.
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RQ2: What are the needs and desires of musicians and audiences experiencing music per-

formances remotely?

Through in-depth interviews, workshops, and observations, I identified the needs and desires of mu-

sicians and audiences in remote music contexts. Musicians value technology that integrates seam-

lessly into their workflows, offering flexibility and supporting their creative processes. They require

access to varied spaces – both real and virtual – with adjustable acoustics that mimic performance

environments. Emotional triggers that inspire creativity and interfaces that do not interfere with

handling instruments are also essential [364]. Audiences, on the other hand, seek deeper connec-

tions – with performers, with each other, and with the sense of a shared ‘live’ experience. They want

remote performances to go beyond passive consumption, desiring active participation that fosters a

sense of ‘being’ [191, 367]. My findings highlight that remote performances should not simply repli-

cate in-person events. Instead, they should embrace their digital nature to deliver unique benefits

aligned with user values. For musicians, this includes addressing technical issues like latency and

creating tools that enable, rather than hinder, creativity [85, 403]. For audiences, this means promot-

ing engagement, community, and emotional resonance. By combining insights from both groups, I

demonstrated that musicians and audiences desire immersive, meaningful experiences where tech-

nology acts as a bridge for connection. Based on this in Chapter 7, I proposed four design dimensions

that prioritise the experience first and allow technology to follow.

RQ3: How do musicians and audiences perceive the opportunities and challenges of tech-

nology in remote music performances, and what implications do these perceptions have

when we design technology for them?

Throughout my work I have uncovered a diversity of perceptions. For example in Chapters 3 and 4,

on the one hand, musicians appreciated the freedom to rehearse in once – inaccessible acoustical

environments, to experiment with creative prompts, and to integrate elements that inspire playful

improvisation. On the other hand, technical limitations – such as audio latency, sound quality and

headset discomfort – introduced new challenges. In Chapter 5 I saw that audiences are open the po-

tential for shared experiences across geographical divides but also faced fragmented ecosystems of

platforms, complexities in interaction design, and uncertainty about long-term engagement. Overall,

what I found is that people are open to technology if it aligns with their needs and resources and

addresses their desires. At the same time, many are unaware of the possibilities these tools offer,
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making it essential to expose users to emerging technologies to spark interest and understanding.

My work shows that to support adoption, designs need to bridge the gap between user expectations

and the technical capabilities of these systems. This highlights the value of human-centred design

in ensuring that technology meets real-world needs and creates meaningful experiences.

RQ4: How can we use human-centred design methodologies to inform and co-create tech-

nology with musicians and audiences that enhance the remote music experience?

To address RQ4, I employed participatory methods – interviews, workshops, prototypes, and user

evaluations – to anchor the research process in the lived realities of the people involved. In devel-

oping VR Rehearse & Perform (Chapters 3 and 4), I engaged directly with musicians to understand

their needs and develop a technology that aims to meet them. This approach provided valuable

insights into how immersive technologies can support creative practice but also revealed tensions.

Nevertheless, the complexity of VR occasionally shifted the focus from users to the technology itself,

highlighting the importance of examining how decisions at every stage shape outcomes and agency.

In Chapters 5 and 6, I shifted my approach, prioritising learning from existing practices over design-

ing. I observed how audiences engage with remote music performances on existing platforms, and

explored what these experiences reveal about their desires and challenges. Both of the approaches I

followed (design-led and exploratory) had merits and limitations, but together they pointed towards

the importance of focusing on the human experiences at the core of remote music performances.

This reflection led to the proposal of the dimensions and and design opportunities in Chapter 7,

emphasising that designing for this space requires prioritising the lived realities and values of the

people involved.

An important part of this process was recognising that my own position in the research mattered. I

did not try to stand apart as a neutral observer; instead, I treated my evolving perspective as part of

the research process itself. Realising this opened space to question my own assumptions and biases

more openly, adjusting the direction of the work when I recognised certain limitations. In Chapter 8 I

offered a deeper insight into this by stepping back on the research and reflecting on my own journey.

I talked about my tensions when it came to technology design, I articulated the importance of AROs

and I described what it means to exist in-between disciplines, never fully at home in one space. I

also described my experiences of doing research while grieving, being faced the difficult truth that

academia often fails to support us when we are at our best, let alone at our worst. My reflections
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were not separate from the rest of the project; they shaped how I made decisions, how I related to

participants, how I designed and how I wrote. They were part of the human-centredness of the work.

Asking “Where is the human in HCI?” is not only about users. It is also about acknowledging the

humanity of the researcher. Bringing that into view makes the research process more transparent

and, in many ways, more honest. It helps frame human-centred design not just as a method for

building better systems, but as a way of working that values lived experience of participants and

researchers alike.

9.2 So who does this work speak to?

Although my work is heavily grounded in HCI, this thesis was never meant to speak only to HCI re-

searchers, I would like to think that its contributions extend across multiple communities. Rather

than addressing one clearly defined field, I aimed to create connections across disciplines and prac-

tices. Each part of the research was shaped by different people and conversations, and I hope differ-

ent readers find something they can take from it; whether that’s a design method, a practical insight,

or a sense of recognition.

For interaction design researchers and HCI scholars, the thesis provides methodological and con-

ceptual tools for working in complex or experiential domains. It demonstrates how human-centred

and participatory approaches can surface overlooked needs and tensions, especially in emerging

design spaces like remote performance. It also contributes to ongoing discussions about experience-

centred and care-oriented approaches to technology design, showing how immersive technologies

can be shaped around lived experience rather than novelty or technical performance alone. The

work speaks first to interaction design and HCI researchers who are working in emerging or hard-to-

define spaces. Through a mix of methods—including prototyping, workshops, speculative prompts,

and open-ended interviews, I show how we can work with complexity without trying to reduce it.

For musicians and artists, the work offers reflections on how creative practices adapt in digital set-

tings. The prototype work in Chapters 3 and 4 is directly shaped by musicians’ own practices, while

Chapters 6 and 7 offer ideas for thinking through the challenges and opportunities of remote and

hybrid engagement: from presence and play to accessibility and creative control. The intention is not

to offer solutions, but prompts for reflection and experimentation. I hope the work shows that re-

mote music performance does not need to replicate what is lost, but can create something different
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and meaningful in its own right.

For audience experience researchers and industry professionals, particularly those working in stream-

ing, events, or platform development, the findings highlight how audiences engage emotionally, so-

cially, and practically with digital music formats. The work shows that audience participation is not

passive or generic; it is shaped by platform constraints, personal rituals, and expectations of liveness

and connection. Such insights are especially relevant for designing future audience-facing tools and

experiences that feel responsive rather than one-size-fits-all.

For policy makers, funders, and institutions, the thesis highlights the cultural and emotional role

of music, especially in contexts of disruption. Understanding what people value in remote formats,

beyond scale or reach, is important when shaping inclusive and sustainable futures for creative prac-

tice. This work offers insight into how digital and hybrid performance formats are not just stopgaps,

but potential long-term spaces for connection and experimentation.

For early-career researchers and those working across disciplines or navigating personal chal-

lenges, I hope this thesis offers something beyond its research content. Chapter 8 reflects on how

grief, shifting perspectives, and a sense of not fully belonging in any one discipline shaped the kind

of work I was able to do. It also explores how embracing AROs helped me reimagine what research

can look like – valuing process, dialogue, relevance to real contexts and accessibility alongside tradi-

tional outputs. I tried to hold space for contradiction and complexity in my methods, collaborations,

and writing, because research never happens in isolation from life. The academic process is often

presented as objective and linear, but in reality, it is always entangled with who we are and what we

are going through. With my work I speak to those who have felt pressure to separate the personal

from the academic, those who feel like they constantly need to translate themselves to be under-

stood as well as those who always feel like they do not fit in. With adding a strong personal touch

to my work I want to remind them that research does not have to fit neatly into a box; and neither

do us as researchers. It is possible to produce rigorous and reflective work that is also honest about

where it comes from. And for those who move between roles, methods, or communities – my work

shows that such in-betweenness is not a weakness, but a place from which important and original

work can emerge. I hope others in similar positions find something here that feels familiar, and that

encourages them to approach their work in ways that are honest, situated, and meaningful.

Finally, this thesis speaks to anyone interested in designing technology in ways that feel more human.

Whether a developer, a creative technologist, a festival organiser, or someone experimenting with
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digital forms of performance, the work provides starting points, questions, and ideas to build on; or

to resist. Remote music performance is not a substitute for live performance. It is a different medium

entirely, with its own possibilities. And that space is still unfolding.

9.3 Limitations and future work

Like all researchers, I would like to believe that my work is ’future proof’; but I doubt it is. No research

is without its limitations, and this thesis is no exception. Therefore, it is important to acknowledge

the shortcomings that underlie my work, beyond the study-specific ones. Here, I reflect on some of

the limitations, framing them as opportunities for future inquiries, encouraging others to build on

what I have started.

Limited scope on user perspectives. One key limitation of this work lies in the range of perspec-

tives included. Remote music performance encompasses diverse experiences shaped by cultural,

geographic, and technological factors. It spans professional orchestras streaming complex pieces,

hobbyists performing from their bedrooms, and global online audiences. I aimed to find common

threads, yet the perspectives included in this thesis reflect only a tiny portion of the vast landscape.

Many voices remained out of reach due to constraints in time, resources, and access. Some under-

represented communities may have offered valuable insights into how remote music is performed

and experienced in different contexts. For example, individuals in areas with limited internet infras-

tructure might innovate in unexpected ways, and cultural norms could shape how people engage

with virtual musical experiences. Future work could broaden the scope, embracing a richer set of

perspectives and giving a more complete view of the landscape.

Balancing breadth and depth. The field of remote music performance is inherently vast and inter-

disciplinary. While on the outside it might seem like a new topic that surfaced during the pandemic,

on the inside it is a topic that draws on so many different fields from HCI, engineering, and design to

performance science, sociology, and musicology, to name a few. Each of these fields has its own huge

body of research relevant (directly or indirectly) to remote music performance. The methodologies I

used to conduct this research also have their own huge bodies of work. Given the expansive scope,

it was not feasible to address and engage with every relevant work in detail, and undoubtedly, many

key contributions were overlooked. Moreover, due to the vastness of the music landscape within

and outside of HCI, I also did not engage in depth with work from other performance fields such as
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theater or dance, which might have given me interesting insights. Nevertheless, this limitation also

reflects my approach as a designer and a researcher. I thrive in being ‘in-between’; adapting across

disciplines and synthesising ideas rather than specialising in any single field. While this adaptability

gives me the ability to work on many different topics, it inherently means my engagement with spe-

cific domains may lack the exhaustive depth of a specialist. Within my work, I have aimed to strike a

balance, prioritising literature and perspectives most aligned with the core questions of this thesis

and my position within the research. Future work could build upon the foundations I set, going into

specific areas to further open up this emerging design space.

Rapidly evolving technology. Another limitation is the rapid pace of technological change in remote

music performance. By the time I began writing this thesis, several of the tools and platforms I initially

explored had already been replaced or significantly updated. This constant evolution made it difficult

to anchor findings to specific technologies without them quickly feeling outdated. Instead, I focused

on principles and experiences that go beyond individual tools, such as the emotional connections

and challenges of performing remotely. However, this approach inevitably sacrifices some of the

specificity that could be valuable for practitioners and researchers working in the present. This

limitation also brings up a tension inherent in studying fast-moving fields: as soon as you think you

have caught up, the goalposts shift. While I recognise the need to contextualise my findings within

the technologies available at the time, I also accept that this work will need re-contextualisation as

innovations emerge. As a designer, I see this as both a challenge and an opportunity – it reminds me

that research like mine is part of an ongoing conversation. I hope this thesis provides a foundation

others can build on, revisiting its ideas in light of future technological advancements.

Reliance on qualitative methods. One additional important limitation of my work is the reliance on

qualitative methods without the integration of quantitative analysis. This was a conscious decision,

rooted in the exploratory and generative nature of the research. My aim was to engage deeply with

the lived experiences, values, and creative processes of both musicians and audiences – elements

that are often too complex, contextual, or fluid to be meaningfully captured through predefined

measures. Working in an emergent design space where there are no established frameworks for what

immersive remote music performance “should” look like, I found qualitative methods, such as open-

ended interviews, observations, and participatory workshops, essential for allowing participants to

express their needs, expectations, and challenges in their own terms. Such methods also aligned

with my constructivist and human-centred approach, which focused on co-creating knowledge rather

than testing specific hypotheses.
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That said, I acknowledge that this approach has its limitations. Without complementary quantitative

data, there are fewer opportunities to generalise findings across larger populations, compare pref-

erences statistically, or assess the measurable impact of specific interventions (such as particular

features in the VR Rehearse & Perform prototype). For instance, evaluating perceived presence or cre-

ative flow in a more structured way could have added another layer of evidence to support some of

the qualitative observations made during testing. A mixed-methods approach could have supported

triangulation and added breadth to the depth achieved through qualitative work. However, the re-

ality of this design process was often messy, iterative, and shaped by unexpected developments(

e.g, constraints, scheduling challenges, and the evolving interests of participants). Flexibility was

essential. At times, the complexity of what was being designed did not lend itself to easy quantifica-

tion. Still, I see the potential value of integrating mixed methods in future work that builds on this

research. Quantitative approaches could be particularly useful in testing specific design principles

at scale, identifying platform-level behavioural trends, or validating emerging design frameworks.

They might also help evaluate long-term engagement or user retention—important aspects that sit

outside the scope of this thesis but are critical for sustainable design in this space.

Romanticising music performance. A further limitation of this thesis is the asymmetry in how the

constructed and professionalised nature of music performance is examined from the perspectives of

audiences versus musicians. In the audience-focused work, themes such as branding, monetisation,

rehearsal, and the carefully curated nature of performance were explicitly addressed; partly because

they were raised unprompted by participants and were then explored through follow-up questions.

Audience members often spoke about the ’illusion of connection’ and their awareness that perfor-

mances were mediated and managed. In contrast, the musician studies focused more heavily on cre-

ativity and the emotional experience of playing music in virtual or remote settings. At the time those

interviews were designed and conducted, my interest lay in understanding how VR might support

creative practice, and this shaped the framing of the study. I did not include direct prompts about

the pressures or performative dimensions of musicianship. Although a few participants touched on

ideas of formality, expectations, or performance anxiety, these were not systematically followed up.

Looking back, this choice reflects not only the early stage of the research but also my own position-

ing. I approached the work from a perspective that sought to support emotional connection and

wellbeing, and this shaped what I saw and prioritised. However, music performance is not just a site

of creative exploration; it is also work. It is rehearsed, branded, sometimes transactional, and often

bound up in complex forms of labour and professional identity. By not actively engaging with these

aspects during the musician studies, I may have contributed to a romanticised view of performance,
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one that risks overlooking the realities that shape how musicians present themselves, make a living,

and navigate mediated environments. Future work should take a more deliberate look at the ten-

sions musicians face in remote and hybrid contexts, not only around creativity and immersion but

also around professionalism, audience expectation, self-presentation, and sustainability. Criticality

in such aspects is essential for designing technologies that respond to the full scope of what music

performance entails.

9.4 Conclusion

With my dissertation, I have explored the design space of remote music performances, presenting

both the outcomes of my doctoral research as well as the methodologies that guided my exploration.

I hope to empower designers to create new technologies in the space, and in doing so, enhance the

experiences of those engaged in it. I also wanted to influence other stakeholders who are involved

in the field, such as developers, event organisers, platform designers, and so on. Overall, my goal

was to contribute to the growing body of work in the field of remote music performance, hoping that

this will lead to the development of technologies and experiences that leverage the possibilities that

exist within the space but remain human and satisfy those who use them.
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Appendix 2: Interview guide for musicians

This guide was used to support semi-structured interviews conducted in 4. The questions and prompts below served as thematic anchors

during the sessions rather than a strict script. The purpose of the interviews was to get musicians reflect on their experiences of using

VR Rehearse & Perform and gather feedback across several themes

• System experience.

– How would you describe your overall experience of playing music in VR?

– Which parts did you enjoy or find frustrating? What could be improved?

– How did the VR sound environment feel to you? (e.g. reverberation, spatial acoustics)

– What kind of music did you choose to play in VR and why?

• Sense of presence.

– Did you feel as if you were "actually there" in the virtual space? Why or why not?

– How did the different environments affect your playing or mood?

– Did you think about being in the virtual space while you were playing?

• Instrument interaction.

– How did you experience playing your instrument in VR?

– Was it difficult not being able to see your hands or the instrument?

– How did the relationship between the physical and virtual space affect your playing?

• Flow and focus.

– Were you focused while playing or distracted by elements in VR?

– How long did you feel like you were playing? (Followed by comparison to actual time)

– How would you rate your performance quality in VR? What influenced that?

• Comparisons with real-world practice.

– How did playing in VR compare to playing without the headset?

– In what ways did it feel similar or different to practicing in a real venue?

– What aspects felt better or worse, and why?

• Future applications.

– Could you imagine using this in your regular practice? If so, for what?

– Are there other uses of VR in your artistic practice that you could envision?
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Appendix 3: Interview guide for audiences

This interview guide was developed to explore how audiences experience music performances remotely using digital technologies. Ques-

tions and prompts were used flexibly to allow participants to shape the conversation based on their own experiences.

• Background & Listening Habits.

– Tell me a bit about yourself and your music preferences.

– How important is music in your life? What types of music do you enjoy seeing live?

– How often do you attend live music events? Can you describe a particularly memorable live music experience?

• Experience with remote performances.

– How frequently do you attend online or remote music events?

– Can you describe your experience attending musical performances from home?

– How does attending a remote concert differ from being there in person?

• Journey & ecosystem.

– What influences your decision to attend a remote or livestreamed event?

– How do you usually find out about upcoming livestreamed performances?

– What device or setup do you typically use (e.g. laptop, TV, phone)?

– Do you prefer to attend alone or with others (friends, family)?

– Have you used any live chat or online interaction features during a remote event? If so, how did that affect your experience?

• Attitudes & behaviours.

– Can you describe a memorable online live music performance? What stood out to you?

– What makes a remote music performance engaging or enjoyable?

– Have you interacted with the artist or other audience members during a remote performance? How did you feel about it?

– How important is it for you to feel part of a community during a remote music experience?

– What challenges or frustrations have you encountered when watching live performances from home?

– Are there aspects of remote performances that consistently fall short for you?

• Opportunities & future directions.

– Should remote performances replicate or reinvent in-person concerts?

– What elements are essential for remote performances to feel meaningful or immersive?

– How do you think technology could be used to improve the at-home concert experience?

– Are there any features you’ve seen, or would like to see, that might help remote performances feel more social or emo-

tionally impactful?
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