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To the leopards who
have run with me.

رﺧﺼﺖِ زﯾﺴﺘﻦ را دﺳﺖﺑﺴﺘﻪ دﻫﺎنﺑﺴﺘﻪ ﮔﺬﺷﺘﻢ،
دﺳﺖ و دﻫﺎن ﺑﺴﺘﻪ ﮔﺬﺷﺘﯿﻢ
و ﻣﻨﻈﺮِ ﺟﻬﺎن را
ﺗﻨﻬﺎ
از رﺧﻨﻪی ﺗﻨﮓﭼﺸﻤ ﺣﺼﺎرِ ﺷﺮارت دﯾﺪﯾﻢ.
‐ﺷﺎﻣﻠﻮ.
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Abstract
This thesis builds on the growing interest in studying interactive performances within the fields
of Human-Computer Interaction (HCI) and Interaction Design (IxD). The overarching goal of this
research is to investigate how creative teams and artists can incorporate interactive technologies into
their artistic productions. This thesis draws on four empirical studies of interactive performances
carried out in collaboration with artists, performers, and designers. These studies focus on: (i)
investigating scenarios of sensor-based and bodily tracking technologies in interactive performances,
(ii) investigating how professional guitar players experience and express the smart qualities of a smart
guitar in their artistic practices, (iii) investigating the audience’s sense of immersion in a mixed-reality
performance through introducing the concept of friction, and (iv) exploring frictions as a design
resource in sketching scenarios of performances with VR. Two main methodological approaches were
used throughout this research: Research through Design (RtD) and performance–led research in the
wild. Beyond the result of these investigations, this thesis also presents the following contributions.
First by presenting insights and knowledge generated through explorations of the incorporation of
interactive technologies in performances through ideation, through studies of technology in use,
and through design activities. This includes discussions around artists’ and audience members’
experience of technology including novel opportunities of interaction and participation, their
collaborative roles and their agency and control within artistic productions. Second, by introducing
friction as a Strong Concept to analyse interactions within a mixed-reality performance and to discuss
how immersion is experienced throughout such performances. Finally by further developing the
concept of friction through the collaborative design and staging of a novel mixed-reality performance.
Keywords: Human-Computer Interaction, Interaction Design, Interactive Performance, MixedReality Performance, Friction, Virtual Reality.
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Sammanfattning
I denna avhandling utforskas konstformen interaktiv performance, ett ämne som på senare tid
har tilldelats allt mer uppmärksamhet både inom människa–datorinteraktion (MDI) och interaktionsdesign (IxD). Det övergripande målet med forskningen är att undersöka hur konstnärer
och kreativa kollektiv kan förena interaktiv teknik med sitt konstnärliga skapande. Avhandlingen
bygger på fyra empiriska studier av interaktiva performance-föreställningar som har genomförts
i samarbete med artister, performanskonstnärer och designers. Två huvudsakliga metodologiska
tillvägagångssätt har använts: forskning genom design (research through design) och performansdriven forskning i det fria (performance-led research in the wild). Utöver resultaten av de enskilda
undersökningarna bidrar avhandlingen i sin helhet med relevanta insikter: Genom att presentera
och bidra med kunskap som tagits fram genom utforskande av hur interaktiv teknik används och
upplevs i performativ konst – vilket görs med hjälp av studier av teknik i användning (technology in use), genom ideation och genom olika design aktiviteter. Detta omfattar diskussioner om
konstnärers och publikdeltagares upplevelse av teknik, och det faktum att tekniken inte bara skapar nya former för interaktion och deltagande utan också hur det påverkar kollaborativa roller,
agens och konstnärens kontroll över sitt skapande. För det andra introduceras här friktion som
ett starkt koncept för att analysera dels de interaktioner som äger rum under en performanceföreställning. Dessa mixed-reality föreställningar utmanar gränser mellan realitet och fiktion,
och kan bidra till publikens försjunkenhet (immersion). För det tredje vidareutvecklas konceptet
av friktion genom ett kollaborativt arbete och iscensättningen av en ny mixed-reality performance föreställning som utforskar denna blandade verklighet.
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1 Introduction

This thesis is a contribution to the fields of Human-Computer Interaction (HCI) and Interaction
Design (IxD) on studying and designing artistic interactive performances. As a result of the increasing ubiquity of technology in the arts, it is important to fully understand how technology
can be understood within artistic and cultural productions. Of particular interest is technology
at the confluence of the artists’ and designers’ visions, the researchers’ goals, and the experience
of the performance. The work presented falls under the broad category of research on designing interactive performances, and investigates how artists incorporate interactive technologies
in their artistic practices, as well as how interactive performances are experienced by audience
members. Furthermore, it presents the development of a Strong Concept (Höök and Löwgren,
2012), frictions, to analyse and design interactive performances that make use of Virtual Reality
(VR) technology.
Artists working in the field of interactive performances tend to incorporate various types of technology into their artistic endeavours to create different types of experience for their audience.
Some of these artistic productions have used technology to enable, for example, audiences’ participation (e.g. Antigone’s Diary, by Örtman, 2011), empathy through experiencing immersion
(e.g. Decompensation by Dehghani, 2016) or to get engaged with social and political issues in the
world (e.g. Domestic Tension by Bilal, 2005).
Research has also shown interest in studying and designing interactive performances with the
aim of providing knowledge and insights from these application domains for the HCI and IxD
practices. The majority of research presented in these fields is focused on understanding how audience members experience interactions, technologies and interactive performances (e.g. Benford et al., 2012; Cerratto-Pargman et al., 2014; Koleva et al., 2001; Reeves et al., 2005), few have
focused on how artists and creative teams adapt and interact with interactive technologies within
their artistic practices (e.g. Barkhuus and Rossitto, 2016; Hook, 2013; Taylor et al., 2011).
In this thesis, I have investigated interactive performances from both artists’ and audiences’ perspective. The results of this investigation focus on: (i) the opportunities and challenges that can
arise from interweaving emerging technologies with performances, taking into account the experience of both artists and audience members; (ii) developing a Strong Concept (Höök and Löwgren, 2012) to analyse audiences’ experience of interactive performances that makes use of VR;
and (iii) understanding how artists use and make sense of this concept in their creative process
of designing mixed-reality performances.
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Through this thesis and the four case studies included, I investigate interactive performances in
general, as well as mixed-reality performances as a subset of interactive performance. Here, the
term ’interactive performance’ refers to a broad category of performances encompassing theatre, dance and interactive video performances that use interactive technologies (Candy and Edmonds, 2012). Relatedly, ’mixed-reality performance’ refers to a specific category of interactive
performance that incorporates combinations of live and interactive performance where audience members and performers interact with technology and digital media, such as Virtual Reality, in real and virtual worlds (Benford and Giannachi, 2011). In Chapter 2, I will come back to
these terms and explain them in more details through a set of examples.
Drawing on performance-led research in the wild and Research through Design (RtD) approaches, I report the results of investigating interactive performances through four empirical
case studies (see §1.4). These studies are used to better understand how creative teams (e.g.
artists, designers, performers) can incorporate interactive technologies into their artistic practices, how this incorporation results in the creation of interactive artistic experiences, and how
these interactive technologies and the interactions they afford can change, for example, the
roles (performer or audience) comprised in the experience of the performance. Furthermore,
I articulate how understanding of the design approaches and techniques used in mixed-reality
performances can result in the development of frictions as a strong concept to analyse and
design VR interactive performances and the interactions they afford. The research outcomes are
expected to be valuable to HCI researchers, interaction designers, artists and practitioners who
wish to design interactive technologies and performances.

1.1 Aim and Research Questions
The research presented has taken place in collaboration with several artist groups, including performers, curators and theatre directors, as well as interaction designers and HCI researchers. This
research aims to draw attention to the design and experience of interactive performances with
respect to the use of novel interactive technologies, artists’ skills and knowledge as well as the
audience’s experience of the performance.

• RQ1: How can novel interactive technologies be interwoven into interactive performances?

The first question has an overarching interest in interactive performances and encapsulates
three objectives: (i) to explore the design opportunities provided by interactive technology and
performing arts in designing different types of interactive performances, (ii) to understand
how artists experience the inclusion of technology in their artistic practices, and (iii) to understand how audience members interact with technology and performers in the context of a
performance.
All four case studies in this thesis should be seen as working towards these three objectives.
Two case studies, ‘Storming Ideas & Sensus, will be outlined here and the other two case studies, Strange Days & Designing with Frictions, will be described under the research questions to
which they are most directly aligned. The first study covers a set of design-oriented workshops
with the goal of investigating and analysing opportunities and challenges in incorporating technologies to cater to audience participation and engagement (§5.1, Paper I, & Paper II). The latter
covers musicians experience of interacting with a smart instrument (§5.2 & Paper III).
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Figure 1.1: Overview of the research questions, case studies and associated papers

These works formed a ground for understanding how different types of novel interactive technologies (e.g. bio-sensors, smart instruments) can be used in interactive performances and how
these performances can be experienced by performers and audience members. From this broad
approach I took a specific focus on the artists’ and performers’ shaping of the audiences’ experience of interactive performances with VR. This lead to the second research question:
• RQ2: How can the audience’s experience be conceptualised for live interactive performances that make use of VR?
Complementing the first research question, RQ2 has the aim of understanding how interactions
happen in mixed-reality performances. The investigation of this research question has centred
around two main objectives. First, to understand how artists use their performing techniques,
media, non-digital elements of the performance (e.g. objects and space) and 360-degree video
in a live interactive performance to create a meaningful experience for their audience members.
And second, to understand how audience members interact with performers and technology
within such mixed-reality performances. One case study, Strange Days, was used as a basis for
answering this question. The result of this investigation is the concept of friction presented and
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discussed in §5.3 & Paper IV.
The concept of friction introduced through this study lead to the third research question focused
on the paths from theory to practice (Benford et al., 2013):
• RQ3: How can the concept of friction be used as a design resource to interweave VR with
performances?
The primary objective of the third research question is to operationalise the concept of friction as
a resource in designing a mixed-reality performance with VR. The second objective is to inform
it through artists’ practice (Benford et al., 2013). Understanding such design processes is relevant as it provides an opportunity to not only generate design knowledge (Fallman, 2003) but to
further investigate challenges of developing intermediate-level knowledge and Strong Concepts
(Höök and Löwgren, 2012) that embody core design ideas (e.g. Chalmers and Galani, 2004). In
this respect, I aim to contribute with an understanding of how artists appropriate and use an HCI
concept as a design resource in the process of designing interactive performances with VR.
One case study, Designing with Frictions, was conducted as a means to answer this research question. Through the investigation, I collaborated with artists on designing a mixed-reality performance with VR with respect to different types of frictions introduced in Paper IV. The result of
this investigation is discussed and presented in §5.4 & Paper V. Figure 1.1 presents an overview of
the research trajectory, including case studies, types of performances and related publications.

1.2 Methodology
This section briefly presents the research tradition behind the undertaken methods in this
thesis. Two methodological approaches were used to investigate the research questions: Research through Design (RtD) (Dalsgaard, 2010; Fallman, 2003; Zimmerman et al., 2007) and
performance–led research in the wild (Benford et al., 2013).
Throughout different stages of research, I have used RtD (Fallman, 2003; Zimmerman et al., 2007)
as an overarching approach to investigate and generate knowledge from exploring early prototypes, designing ideas and scenarios of interactive performances. From a research perspective
the goal in employing this approach was not to create a commercial performance to perform on
stage (even though this was the artists’ ultimate goal), instead the emphasis was on the “research”
and exploring the design opportunity provided by the integration of technology with respect to
artists’ visions and skills. The contributions presented stem from the explorative nature of this
approach and include design workshops in collaboration with artists (see §5.1: ‘Storming Ideas
& §5.2: Sensus). In one of the workshops (§5.1.1.2), I have used Bodystorming (Oulasvirta et al.,
2003; Schleicher et al., 2010) which expands on the technique of brainstorming to use participants’ bodily engagement in the ideation process, and to enact the functionality of their proposed
scenarios.
The second approach is performance–led research in the wild (Benford et al., 2013) which can
also be seen as subcategory of RtD with an emphasises on exploring the process of creating a
performance, and performing or experiencing it live and in the wild. The collaborative nature of
this method focuses on interactive performances, and brings the artists and researchers together
in a mutually beneficial practice. Throughout my research, I have used this approach particularly
for studying an existing commercial performance being performed in a real setting, in the wild
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(see §5.3: Strange Days) as well as studying the process of producing a performance in the form
of a collaboration with artists (see §5.4: Designing with Frictions).
Throughout this thesis I have used two main qualitative methods for data collection activities including on-site observations and semi-structured interviews. Additionally, I have collected data
from co-design workshops and design activities focusing on early prototypes, design ideas and
scenarios, and sketches. These research methods and activities created not only a window to understand the experience of interactive performances in relation to its context, but it also helped
to understand the design process from artists’ and designers’ points of view.
In this respect, and through employing a combination of these methods I have studied different
interactive performances and the practical challenges and opportunities they provide for artists,
HCI researchers and interaction designers as well as those who would experience these works.

1.3 Contributions
This thesis aims to draw attention to the design of interactive performances with respect to
artists’ practices as well as the audience’s experience of the performance. Interactive art and performances have proved fruitful collaborations between art and research, particularly within HCI.
This includes a vast number of research on the topic of embodied interactions with the artwork
(e.g. Grønbæk et al., 2012), participation (e.g. Schiphorst et al., 2010; Taylor et al., 2009), social
awareness (e.g. Newell et al., 2011; Rossitto et al., 2017) and what designers can learn from such
artistic contexts (e.g. Koleva et al., 2001; Loke and Robertson, 2013). The findings of this thesis
speak to these research communities, including designers, artists and researchers of interactive
performances, as well as practitioners outside the field of research who are active in this genre of
art. There are three main contributions:
The first contribution relates to RQ1, and answering it using four case studies presented. The
research contributions that investigate this question can be grouped into three key contributions
of knowledge generated through interweaving interactive technologies: through ideation workshops (§5.1), through studies of technology in use in the context of performance (§5.2 & §5.3), and
through design activities (§5.4).
Paper I & Paper II present the first contribution towards answering RQ1 through ideation workshops. More specifically, Paper I discuss a number of opportunities and challenges of interweaving interactive technologies (e.g. bio sensors) with performances. This discussion articulates the
interactional aspect of audience participation within an interactive performance and reflects on
the role of the audience and audience’s degree of agency and control over their contribution to
the performance with respect to the technology. Additionally, Paper II presents the result of appropriating bodystorming as an embodied ideation method for one of the workshops within this
case study. This paper addresses opportunities of using bodystorming as an ideation technique
to include bodily experiences early in the design process (Márquez Segura et al., 2016b), and to
generate creative ideas. This also includes discussion on how documenting and presenting bodily interactive ideas can become challenging particularly when the ideation process is not centred
around the technology.
Paper III & Paper IV add to this discussion by answering the RQ1 through studies of technology in
use. For instance, Paper III discuss musicians’ skills and expertise in adopting new technologies,
such as a smart guitar, in their practises. Additionally, Paper IV articulates how artists create
a sense of presence and immersion for their participants through employing VR and different
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interactive and performative strategies within a mixed-reality performance. The third and final
contribution towards the investigation of RQ1 is the knowledge generated through design. Paper
V discusses the novel opportunities of designing mixed-reality performances with VR.
The second contribution relates to answering RQ2 using one case study (§5.3) to present an
intermediate-level knowledge, that is “knowledge that is more abstracted than particular instances, yet does not aspire to the generality of a theory” (Höök and Löwgren, 2012). In Paper
IV, I articulate how artists of interactive performances that make immersive technologies, can
create opportunities for engagement and immersion beyond audience’s interaction with technology. In doing so, I start unpacking the potentials of friction as a Strong Concept (Höök and
Löwgren, 2012) – as a form of intermediate-level knowledge, in order to draw attention to the audience’s emotional engagement with the performance, and the tension between their perception
of reality and presence in relation to technology and a performance as a whole. Additionally I
discuss how the concept of friction can be used to interweave immersive technologies, such as
VR, with artists’ performing strategies around the use of technology within the performance in
order to create an engaging and immersive experience for the audience.
The third contribution relates to RQ3, and it is answered using one case study (§5.4) and includes
artist’ design process of employing the concept of friction as a design resource to sketch several
mixed-reality performances with VR. In Paper V opportunities and challenges of such an adoption are presented. Additionally, there are reflections on how such a design practice can inform
the concept with respect to artists’ understanding and incorporation of the concept in their creative design process.

1.4 Overview of Case Studies
This section presents the four case studies conducted to investigate the research questions,
which in return resulted in the findings presented in four of the published papers that I have
included in this thesis.
The first case study (§5.1) looked at audience participation, focusing on the use of emerging
or less explored technologies such as bio-sensors, in the context of interactive performances.
This study includes collaboration with Rebecca Örtman1 , the director of a short movie, focusing
on ideas related to novel interactions with a movie using technology. To understand interactional aspects inherent in the design of interactive performances afforded by sensor-based and
bodily tracking technologies, we utilised a Research through Design (RtD) approach. This included ideation workshops using brainstorming (Osborn and Bristol, 1979) and bodystorming
(Márquez Segura et al., 2016b; Oulasvirta et al., 2003; Schleicher et al., 2010) techniques in a series of design activities and in collaboration with artists, performers, researchers and designers.
The outcome of this study are documented in two papers. Paper I presents a series of design
ideas and scenarios (see Appendix A) that were used as units of analysis to reflect on the role of
the audience and their implicit and explicit interactions with the performance and in relation to
the technology and their experience of the performance. Paper II focuses on employing bodystorming as an ideation method for movement-based interaction design activities.
This second case study, investigated the use of a working prototype of a smart guitar, Sensus,
to explore artist’s experiences of this instrument. Data was collected through technology trial
sessions (Brown et al., 2011; Crabtree, 2004) and included interviews of 12 professional musicians
1 Formally known as Rebecca Forsberg at the time of publication of Paper I
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and guitar players, each of whom tried and explored the smart guitar during the technology trial.
This study was conducted in the form of collaboration with Mind Music Lab2 the start-up which
had designed the guitar. This investigation enabled us to explore musician’s understanding of
such an instrument in their practices. It also looked into artists transformation of skills while
interweaving such an augmented and technology-driven instrument in their artistic work. This
study and its outcome are documented in Paper III.
The third case study (§5.3) focused on studying Strange Days, a commercial mixed-reality performance that uses 360-degree video within a live performance. The performance was designed
and performed by the artists group, Bombina Bombast3 . The methodology used for conducting
this study falls under performance-led research in the wild. Data was collected through the observation of four runs of the performance, interviews with 15 audience members who took part
and experienced the performance, as well as informal interviews with the artists and performers
involved. The concept of frictions emerged from this study as an analytical tool to understand
how audiences of a VR performance could engage with the different elements of a mixed-reality
performance and experience immersion not only through the VR technology but through the
performance as a whole. The detail of this study and its outcomes, together with the the explanation of the concept, are reported in Paper IV.
The fourth case study was a follow-up on the previous study on mixed-reality performances with
VR. This study (§5.4) explores the design space by operationalising the concept of friction as a
design resource. Using both RtD and performance-led research in the wild, this study was conducted as a collaboration with the artist Noah Hellwig as part of a three-week residency program
in Riksteatern4 . While RtD focuses on the design process as part of doing research (Zimmerman
et al., 2007), performance-led research in the wild emphasises on these activities being led by
artists and a researcher. The approach also includes studies of artistic productions experienced
by audiences in a realistic setting. Through utilising the notion of friction in the design process,
this study presents the process of interweaving VR in the performance as part of artist’s vision
in designing mixed-reality performances. The research outcome of this study includes several
sketches of mixed-reality performances and one paper (Paper V) unpacking the process of using
the concept in practice and the resultant.

1.4.1 Included Publications and Division of Labour
In all studies and papers associated with them, I have been responsible for data collection and
data preparation for analysis. I have contributed to analysis sessions and provided feedback from
data collection and observation sessions. With respect to authorship of publications, in all publications except two (Paper II & Paper III) I have been the lead author.
Paper I
Rostami, A., McMillan, D., Márquez Segura, E., Rossito, C., Barkhuus, L. 2017. Bio-Sensed
and Embodied Participation in Interactive Performance. In Proceedings of the Eleventh International Conference on Tangible, Embedded, and Embodied Interaction (TEI ’17). DOI:
https://doi.org/10.1145/3024969.3024998
The first paper is a long paper based on two design workshops and presents several scenarios of
interactive performances and how bio-sensors could be used in these performances. The first
2 Currently known as ELK, https://elk.audio
3 Bombina Bombast is a Swedish artists group based in Malmö. http://www.bombinabombast.se
4 Riksteatern is the Swedish national touring theatre.
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workshop described in §5.1 was drafted, coordinated and ran mainly by the author of this thesis. The second workshop, Move:ie, drafted and coordinated by the author in collaboration with
Elena Marques Segura. The embodied sketching method, employed in the second workshop was
provided by Elena Marques Segura.
Paper II
Márquez Segura, E., Turmo Vidal, L., Rostami, A. 2016. Bodystorming for Movement-based Interaction design. Human-Technology Choreographies: Body, Movement and Space [Special Issue]. Human Technology: An Interdisciplinary Journal on Humans in ICT Environments. DOI:
http://dx.doi.org/10.17011/ht/urn.201611174655
The second paper in the journal of Human Technology, was written in collaboration with Elena
Marques Segura who was involved in paper one and her colleague. This collaboration combined
data from the second workshop, Move:ie, described in §5.1.1.2 with another workshop carried
out by Elena Marques Segura as part of her research in Australia. This paper presents the process
of employing bodystorming as an ideation method with the aim of designing movement-based
activities and scenarios.
Paper III
Rossitto, C., Rostami, A., Tholander, J., McMillan, D., Barkhuus, L., Fischione, C., Turchet, L. 2018.
Musicians’ initial encounters with a smart guitar. In Proceedings of the 10th Nordic Conference on
Human-Computer Interaction (NordiCHI ’18). DOI: https://doi.org/10.1145/3240167.3240223
This paper is also a long paper, aimed at investigating how a group of professional musicians
make sense of a smart guitar in their artistic practices. This study provided an opportunity to
study interactive performances from the perspective of the musicians and their interaction with
a particular type of technology-driven instrument, which was a smart guitar. The technology
trials described in §5.2 were carried out primarily by MIND Music Labs, where the smart guitar
was designed. The data collected from these trials, as described in 5.2 was carried out by the
author of this thesis with input from Chiara Rossitto.
Paper IV
Rostami, A., Rossitto, C., Waern, A. 2018. Frictional Realities: Enabling Immersion in MixedReality Performances. In Proceedings of the 2018 ACM International Conference on Interactive
Experiences for TV and Online Video (TVX ’18). DOI: https://doi.org/10.1145/3210825.3210827
This paper is a long paper, and it reports on the knowledge gained through studying a mixedreality performance. This paper presents the conceptual analysis of the audiences’ experience of
this performance through the lens of friction. The performance described in §5.3 was designed
and performed by the artist group Bombina Bombast. The study related to this performance was
carried out and led by the author of this thesis with input from Chiara Rossitto and Annika Waern.
Paper V
Rostami, A., Rossitto, C., Tholander, J. Designing with Frictions: Sketching Mixed-Reality Performances with VR.
The last paper is another long paper (in submission) and reports the result of collaborating with
artists in designing interactive performances with VR, using the concept of friction presented in
the previous paper. The funding proposal to conduct the study presented in §5.4 was written by
Noah Hellwig and the author of this thesis. The design activities during the residency program
were coordinated by the author and Noah Hellwig, with assistance from Disa Krosness, Gabriel
Widing and Leo Låby. The study related to this residency (§5.4), including conceptual contri-
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bution and data collection, was led and carried out by the author of this thesis with input from
Chiara Rossitto and Jakob Tholander.

1.5 Thesis Structure
This thesis should be read in relation to its aim of combining the research publications included
in order to provide a coherent and overarching synthesis of the research aims and objectives. For
this reason, this Kappa should be read in conjunction with the papers presented above.
Following the Introduction, Chapter 2 describes the areas of background work that will be explored in order to contextualize the contributions of this thesis. Chapter 3 explores the methodological approaches of this thesis to better understand the research and design activities conducted to investigate the research questions presented here. Some of the literature reviewed in
this chapter explores how HCI research has discussed studies of performing arts and how these
studies can contribute to IxD research. Following this, Chapter 4 presents the ethical considerations related to each case study. Chapter 5 presents each case study with respect to RQ1 & RQ2 &
RQ3 and the related findings. Following this, Chapter 6 summarises the findings of the previous
chapters and reflects on how the contribution of the thesis was achieved. Finally, this chapter
provides a conclusion to this thesis by revisiting research questions and presenting future works.

9

2 Background

There are several areas of background work that will be explored in this chapter. Some to highlight different strands of research on interactive performances, and some to clarify and explore
concepts or terms that I have been working with. The main objective is to outline aspects involved in understanding the experience of interactive performance in previous and current HCI
research and how they relate to my work. This also highlights the complexity of such an interdisciplinary research within HCI. In doing so, on one hand I aim to create a grounding from which
to position this thesis within the strand of research in HCI that explores interactive performances
and technologies; on the other hand, I aim to explore different conceptual and practical frameworks that have been used.
Before reviewing related research literature, I would like to clarify how two important terms,
namely “interactive performance” and “mixed-reality performance” are used in this thesis. My
intention is not to create or suggest new definitions; rather it is to clarify what is included in my
operating definition of each term and how they relate to each other. Unpacking these terms will
help the reader to better understand different terminologies used in different case study as well
as their associated results and discussions.

2.1 Interactive Performances
What does it mean for an artwork to be “interactive”? And what is an “interactive performance”?
Candy and Edmonds (2012) provide a comprehensive definition of interactive art which will be
used as a touchstone to show the relationship between my work and others in this area. They
distinguish this genre of the art “by its dynamic ‘behaviour’ in response to external stimuli, such
as people moving and speaking.”, which requires an audience’s active engagement with the artwork, “what they do and how they develop interactions with the piece” (Edmonds, 2012, p.18). In
this definition, and in contrast to “traditional” art forms that keep the audience in a more passive
spectator position (Edmonds, 2012, p.18), interactive art demands that the audiences interact
with the artwork. As described by Edmonds, this type of interaction – also referred to as audience
“participation” or “cooperation” – does not require an interactive technology per se, rather it is focused on the audience’s action towards the artwork and the response it creates. A contemporary
example of such an interactive artwork is Sleep No More by Punchdrunk1 , in which the audience
1 https://mckittrickhotel.com/sleep-no-more/
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is invited to walk around the theatre space, interact (to some extent) with physical objects and
performers and become part of the performance. In this thesis I draw on Edmonds’ definition
of interactive performance (Edmonds, 2012) as a subset of interactive art which employs several
performing characteristic such as having an individual to perform actions for the audience.
In the example of Sleep No More this can be seen, for example, in inviting the audience to put
on a mask and become part of the crowd in the context of the performance. This can also be
seen as an invitation to follow each character around, interact with objects in the performance
space and cooperate with performer’s actions through, for example, accepting their invitation to
have a drink with them as part of performing specific actions in a constructed context. Previous
literature has extensively discussed the complex roles found in those performances that are built
on the audience’s participation in the performance. This includes discussion on how an audience’s roles can shift from, for example, audience to audience-performer, or from spectator to
spect-actor:

The members of the audience must become the Character: possess him, take his
place – not obey him, but guide him, show him the path they think right. In this way
the Spectator becoming Spect-Actor is democratically opposed to the other members of the audience, free to invade the scene and appropriate the power of the actor.
(Boal, 1993, p.22)

Although such performances can broadly fall under the category of interactive performance as
described by Edmonds – particularly in terms of audience participation – artist’s interest and goal
in using such a performance might go beyond mere participation. In fact, a number of performances are designed to enable audience participation in order to, for example, create a critical
reflection using certain methods of acting, such as “breaking the fourth wall” in Epic theatre
(Mcteague, 1994) or to promote social and political awareness through giving a more provocative
role to the audience by shifting their role from a spectator to an active actor or performer:

By taking possession of the stage, the Spect-Actor is consciously performing a responsible act. The stage is a representation of the reality, a fiction. But the SpectActor is not fictional. He exists in the scene and outside of it, in a dual reality. By
taking possession of the stage in the fiction of the theatre he acts: not just in the
fiction, but also in his social reality. By transforming fiction, he is transformed into
himself. (Boal, 1993, p.22)

In this thesis and in the related papers I predominantly refer to those who interact with technology or the performances as participants. This follows the conventions of HCI and interaction
design. On the other side are the artists who design and stage the performance, many of the
artists involved in the works presented here also took on the role of performer – meaning that
they performed in front of audience members.
The audience comprises of a number of different roles depending on their engagement with the
ongoing performance. The term spectator is used to describe audience members who do not
have active roles in shaping the ongoing performance. Those who do have an active role in shaping the ongoing performance are predominantly described as participants. This role can also be
described as audience-performer, in that the individual collaboratively participates in a performance, with other participants and performers.
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With this brief introduction on interactive performances and their relation to the audience’s interactions, I turn towards a subset of interactive performance that makes use of interactive technology to mediate different types of interaction, which is the main interest of this thesis.

2.1.1 Technology-enabled Interactive Performances
The inclusion of technologies2 in artistic performances created new possibilities for the design of
interactive artworks, enabling different modalities of interaction such as in audiences participation (e.g. Friederichs-Büttner et al., 2012; Maynes-Aminzade et al., 2002), as well as new opportunities of expression for artists (e.g. Clay et al., 2014). In this respect, the term interactive art has
been used mainly in relation to those artworks that use a kind of interactive technology (see for
example Fdili Alaoui, 2019; Hayes et al., 2016) to create an interactive experience for those who
interact with it. This includes, for example, the performers, audience members and participants
of these artworks. The emergence of these technologies has influenced the type of interactivity
being designed by artists (e.g. Iannuzzi et al., 2019; Tennent et al., 2012), as well as audience’s
experience of the performance as they are (mostly) required to interact with the technology in
the context of the performance (e.g. Hayes et al., 2016). This also created new research opportunities to study and learn from artists’ practice of designing such artworks (e.g. Dalsgaard and
Hansen, 2008; Reeves et al., 2005) and to investigate the experience of this phenomena from the
audience’s perspective (e.g. Rossitto et al., 2017).
On one hand, exploitation of these new interactive technologies challenged, for example, artists’
creativity in designing an aesthetic interactive performance that required careful curation of the
technology within the performance. On the other hand, it changed the role of the audience to
“the important new element” of such technology-enabled interactive performance (Candy and
Edmonds, 2012) and offered new theories and views on the experience of interactive performances (e.g. Benford and Giannachi, 2008). Although, these performances still have the same
characteristics of non-technological interactive performances described in the previous section,
the salient feature of technology-enabled interactive performances stems from the type of interactive technology it employs as well as the type of interactivity it provides for the audience (Candy
and Edmonds, 2012) or performers. In this respect, the “responsible act” performed by the audience (as Boal described the Sepct-Actor) in these performances may not necessarily stem from
audience’s interaction with, for instance, other human performers, rather it may stem from audience’s interaction with the technology within the performances as well as technology mediated
interactions with other performers or audience members.
Take for example Situation Rooms (Figure 2.1) by Rimini Protokoll3 , another contemporary interactive performance that shares some similarities with Sleep No More, particularly in terms of
audience participation. Similar to Sleep No More, Situation Rooms invites the audience to take
part in the performance, move in the performance space, follow the performers and respond to
them. The difference, however, is artists’ use of technology (in the form of tablet computers) to
guide the audience in the performance space through a series of pre-recorded videos as part of
interaction with the fictional world of the performance. The technology, although very simple,
is tailored to suit the context of the performance. This is done to match the audience’s point of
view in the video with the performance space, to provide different story-lines and characters for
2 Here I use technology as a general term and includes different types of technology that previously been introduced as digital technology (Dixon, 2007), interactive technology (Candy and Edmonds, 2012), or multimedia
(Klich and Scheer, 2011)
3 https://www.rimini-protokoll.de
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the audience to follow, to create a demand for their actions and to create an impression of reality
for the audience by putting them at the centre of the performance. In this example, the use of
technology is seen not only as a way to communicate with the audience, but it is also used to
help them become active, and help them believe the story within the performance. this is done
by offering them a different point of view, something that would be perhaps harder to achieve
without the use of technology in the performances.
It is important to mention that such interactive performances, and the way interactive technologies are seen or incorporated in them, are not merely the result of a technology-art mash-up.
They are influenced by their creators’ artistic vision, the different strategies they use to curate
the technology and performance, their artistic design skills and their theoretical and practical
experience in the field. Understanding this aspect is particularly relevant as it helps to understand the complex nature of an interactive artwork and its relation to my research trajectory in
exploring the practice of designing interactive performances from the artists’ perspective, and
subsequentially the experience of these performances from audience members’ perspective.

2.1.2 Mixed-reality Performances
In the last few decades, and as a result of technological advances enabling the creation of multiple realities (e.g. virtual reality), a new category of interactive performances with interests in
creating different realities as part of the experience has emerged. The technology used in these
interactive performances varies from personal computers and 3D animated avatars (Figure 2.3
Blue Bloodshot Flowers by Broadhurst and Machon, 2006), to VR devices and Head Mounted Displays (HMDs) (Figure 2.2 The Shared Individual by Bexell and Stanisic, 2016) to smartphones,
tablets and screen projections (e.g. Desert Rain by Theory, 2000). These technologies, and the
type of interaction space they provide, created a new subset of interactive performances, which
are regarded as mixed-reality performances.
The term “mixed-reality” is widely used in game studies (see Crabtree et al., 2004; Montola, 2011)
and virtual storytelling to describe an environment that combines virtual or augmented elements
together with the real world, usually through a sort of technology, like VR. Milgram and Kishino
(1994) discuss mixed-reality through the virtuality continuum, in which real and virtual world objects are presented in a single display. Their virtuality continuum presented four different classes
of objects and environment (Figure 2.4). One side of the continuum is the Real Environment,
which is the world one may refer to as physical world that we live in with real and physical objects and interactions. The other extreme of the continuum is Virtual Environment, a fully digital
and immersive environment that lacks physical boundaries and does not require the physical
world to interact with. In between these two extremes there are two overlaid environments, Augmented Reality (AR) and Augmented Virtuality (AV). The Augmented Reality Environment is the
physical world overlaid with digital or virtual objects and environments. Whereas the Augmented
Virtuality Environment is a virtual world driven by physical objects, interactions and sensory experiences. To provide a better understanding, examples of tangible objects (e.g. a book) or video
displays can be categorised in the Real environment, Microsoft Hololens or Pokemon Go game
can be seen as exemplars of Augmented Reality environments. And finally commercial VR games
that provide a completely graphic environment for VR devices (e.g. Super Hot game for HTC
Vive) or Omnideck 360-degree VR that connects a physical body movement in the real world to
a similar sensory experience in the the virtual world can be categorised as Augmented Virtuality Environments in the virtuality continuum. Experiences on the extremity of the scale towards
Virtual Environment are currently beyond existing technical capability.
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Figure 2.1: Situation Rooms by Rimini Protokoll.
Source: https://www.rimini-protokoll.de
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Figure 2.2: The Shared Individual by Bombina Bombast. Credit: Bombina Bombast

Figure 2.3: Jeremiah, a 3D AI avatar performer, and Elodie Berland in Susan Broadhurst’s Blue Bloodshot Flowers.
Source: http://people.brunel.ac.uk/bst/1nol2/SusanBroadhurst/SusanBroadhurst.htm
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The linear presentation of the virtuality continuum hides one aspect of the nature of mixedreality, that any of the environments can overlay one another or be side by side allowing those
who experience it to look or move between them (Benford and Giannachi, 2011). The non-linear
relationship can be seen in examples of experiences in which the participants move from a real
environment to an Augmented Virtuality Environment by putting on an HMD.
With respect to mixed-reality performances, it was Benford and Giannachi (2011) work that provided a working definition, particularly within HCI research: “mixed-reality performance might
simply be defined as the staging of theatrical performances in mixed-reality environments”, that
involves interactive technology as well as both “real” and “virtual” elements (i.e. a physical object and an augmented reality character) in a live performance. In relation to the Virtuality Continuum, mixed-reality performances can be placed between Real and Virtual Environment. This
definition is broad and covers a wide range of experiences, including watching a 360-degree video
of a performance that provides limited to no opportunity for the audience to interact with the
performance or using an AR application to activate an invisible AR performer (see for example
Man A by Gibson and Martelli, 2014). In this thesis the working definition of mixed-reality performance includes the caveat that the audience members who participate in the performance have
influence over the live mixed-reality performance as it unfolds.
Using this definition, while sleep No More is an interactive performance, it does not fall into the
subset of mixed-reality performances simply because it lacks a component of interactive technology that results in creating and experiencing different realities. In contrast, while Situation
Rooms is an interactive performance it can also be categorised as a mixed-reality performance as
it creates a hybrid structure that spans different realities (fictive and real worlds) through the use
of interactive technology, while it provides a space for the audience to interact with performers
and participate in a live performance.
Mixed-reality performances are inherently interactive; this means that they have the same characteristics of interactive performances. For instance, the audience’s role transforms from a spectator to a participant (while interacting within the performance) or a performer of some sort.
The complex nature of these performances creates hybrid layers of space, interfaces, roles and
time (Koleva et al., 2001). These layers can overlap or be adjacent and create a different type and
level of experience in different stages of the performance. An audience’s experience of a performance is shaped during a journey through this hybrid structure, and consequently transforming
the audience member into a participant.
Understanding these two terms, their differences and similarities, is pertinent to understanding
the relationship between the different types of performance that I present in this thesis. With
respect to the three research questions presented in Chapter 1, this thesis recognizes interactive performance as a technology-enabled live performance that provides different opportunities
of participation and interaction, for both audience and performer, in a live setting. Each study
makes use of a different type of interactive performance with respect to interactive technologies.
Depending on the case, these technologies have varied from sensory devices (e.g bio-sensors in
§5.1), to smart devices and instruments (e.g. Sensus in §5.2), to VR (e.g. 360-VR in §5.3). While all
studies were perceived as studies of interactive performances, two of them (§5.3: Strange Days
& §5.4: Designing with Frictions) are also presented and discussed in terms of mixed-reality performances that use VR, as a subset of interactive performances. With this respect, and to better
communicate with the reader I have used mixed-reality performances and interactive performances with VR with a same meaning and weight.
With these terms and definitions described, I provide an overview of previous and current re-
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Figure 2.4: The mixed-reality continuum. Source: Milgram and Kishino (1994)

Figure 2.5: Man A, an installation by Gibson/Martelli
Source: http://gibsonmartelli.com/portfolio/man-a
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search on interactive performances within the field of HCI.

2.2 Interactive Performances within HCI
Several strands of HCI research have explored the potential of interactive performances from
different research perspectives. One popular area of research focuses on novel artistic expression
using different forms of interactive technologies. For example, Clay et al. (2014) have used a
motion capture suit to project a dancer’s movement in a virtual environment while interacting
and performing with another live performer on stage. In a recent study Eriksson et al. (2019) use
body trackers and drones as a novel interactive technology assemblage. This was done to explore
aesthetic opportunities provided by physically interacting with drones and for performers to craft
novel dance expressions for an opera performance.
Reeves et al. (2005) extend the research from interactive performances in a public setting to interactive installations in order to discuss strategies of designing interactive interfaces for spectators’
experiences. Their analysis articulates how performers can manipulate interactive systems in
different ways (e.g. movement and sensory inputs) to create an effect within the experience. An
example of such manipulate-effect can be seen in an interactive dance performance (Fdili Alaoui,
2019) that uses sensors and muscle movements of the dance performer to control a video being
shown to the audience.
Fdili Alaoui (2019) discusses the result of designing such an interactive dance performance with
respect to “implicit negotiation between the artist and the technology” to appropriate the technology, and adjust the performer’s interactions and expectations to the technological constraints
in order to deliver an expressive interactive performance. Consequently, she argues, the necessity of including an interactive technology (e.g. sensory technology) in the design of an artistic
practice (e.g. a dance performance) can go beyond the interactive and technology-oriented solutions that it provides. Such a necessity, therefore, can be seen from the level of “expressive”
opportunities that it can add to the performance. With this view, the technology does not need
to be seen as a supporting tool for the artists or a solution to a problem, rather it can be seen as
an aesthetic element within the performance or “partners” and “characters” to the performer to
interact with during the performance.
HCI’s interest in studies of interactive performances is not limited to studies of the novel artistic
opportunities provided by interactive technologies. For instance, Taylor et al. (2011) report on the
challenges of designing and performing an interactive performance, humanaquarium, in a public setting. They discuss how the gradual sense-making of public interactions with the technology
can occur through understanding the experience of those audience members who engaged with
the performance. This gradual sense-making is also described with respect to those who participated in the design and performing process. Such a discussion moves beyond the experience
of the performance from audience’s perspective, and turns towards the investigation of relationships between performers, engineers and designers as part of a dialogical design practice. As
the result of studying this performance and several other interactive performances, Taylor et al.
(2017) propose self-situated performance research as a methodological approach towards studies of interactive performances in order to, for example, create an intimate relationship between
HCI researchers and other participants involved in the design of an interactive performance.
In another example, Barkhuus and Rossitto (2016) investigate how performers adjust their performing skills in rehearsing and performing for live and the remote audiences simultaneously,
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or in relation to audience’s participation and contribution to the performance. Interestingly, but
not surprisingly, one general challenge mentioned by all these studies was the challenge of dealing with technology and audience participation in a live setting. For example, Taylor et al. (2011)
discuss how experiencing interactive performances can be intimidating, causing discomfort or
stage-fright for the participant, performer and the audience. Similarly, Barkhuus and Rossitto
(2016) discuss how artists of an interactive performance had to take extra measures to avoid
distraction and disconnections during their performance, particularly when audience members
were able to interact with the live performance. Although similar challenges and concerns can be
experienced in any live performance, the openness of interactive performances to audience intervention and manipulation or technological failures (such as the one document by Fdili Alaoui,
2019) require extra attention and careful consideration of artists, performers and designers during the designing and performing the art piece.

2.2.1 Audience Participation
As previously mentioned, one major aspect of interactive performance is audience participation. While there are many interactive performances designed with the goal of engaging the audience with the performance (see, for example, performances reported in Friederichs-Büttner
et al., 2012; Taylor et al., 2008), there is also a vast area of HCI research focused on this specific
characteristic of interactive performances. Rossitto et al. (2017) discusses audience participation
in an interactive performance in relation to socio-political situation of the country in which the
performance has took place. They unpack how audience members use the participatory opportunity provided within the performance (through sharing text messages) to voice their worries,
criticisms, frustrations and their hopes towards the political and social events of the society in
which they live. In a similar study, Cerratto-Pargman et al. (2014) discuss immediate and reflective facets of audience participation. In this perspective intellectual or emotional connections
between the audience and the performance can result in the audience’s immediate participation
to demonstrate, for example, their critical thinking towards the performance. In contrast, the
reflective facet discusses how audience’s recount participation after the performance, in which
they can reflect on different aspects of the performance, such as their experience of the interactive technology and their expectations of encountering an interactive performance.

2.2.2 The Trajectories Framework
Mixed-reality performances, and audience participation in them, have also been a topic of interest for HCI research. The complex nature of these performances are explored by Benford and
Giannachi (2011). Using these hybrid structures, Benford et al. (2009) introduce the trajectories
framework to uncover different aspects of “user” journeys and analyse the shifts and transformations between roles, space and realities in a performance as a coherent whole. The trajectories
framework constitutes three types of temporal trajectories which are grounded in understanding the audience’s participation in the performance and their experience in relation to story time
(fictional time in the story world) and to the clock time (actual time experienced by the participant) (Benford and Giannachi, 2008; Benford et al., 2009, 2011). These trajectories are: canonical
trajectories, participant trajectories, historic trajectories and temporal trajectories.
Canonical trajectories are created by the artists to lead participants through a journey and relate
the story time to the clock time during participants experience of the performance. Participant
trajectories are related to each participant’s experience and individual route through the jour-
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ney they take within the performance. In other words it is each participant’s interaction time
during the performance, which may differ from one individual to another. Finally, historic trajectories related to recorded participant trajectories to retrospectively represent what happened
during the experience. Notes and messages recorded during the performance, video recordings,
or logged interactions that can be revisited after performance to review and reflect upon the experience are examples of historic trajectories.
As mentioned previously, the trajectories framework is intended to elaborate the complexity and
depth of “user” experience within experiences (whether it is a performance or a game). Such a
framework therefore, can move beyond understanding participants’ journeys within the performance to designing interactions and interactive systems that can enable audience participation
and engagement within performances. Trajectories are a complimentary lens through which the
work in this thesis can be viewed, and specially to the concept of friction as described in §5.3:
Strange Days & §5.4: Designing with Frictions.

2.3 Immersion and Presence
In investigating RQ2 & RQ3 and presenting studies of mixed-reality performances in §5.3 & §5.4
I discuss audience participation and audience’s sense of presence and immersion within the experience of the performance. It is therefore important to map previous studies that include VR
and two main issues of this thesis, which are immersion and presence.

2.3.1 Immersion
The term immersion has been used in many fields and in different contexts, from engaging with
narratives (Douglas and Hargadon, 2000), to “multi-sensory experiential environments” of art
installations that requires viewers to become an active part of the installation (Broadhurst and
Machon, 2006), to playing games with realistic environments or characters (Calleja, 2011; Murray, 1997), to first person experiences of real world news (Seijo, 2017). Immersion has been also
described as being present and deeply involved in physical interactivity with performers and
the performance scene (e.g. Sleep No More), to being visually surrounded by the scenes (e.g.
in SceenX 4 ), and to the to psycho-physical experience of an artwork (Mitra, 2016).
Although most of the discussion around immersion – particularly within HCI – is focused on applications of VR, the definition goes beyond to other types of activities such as playing alternate
reality games (Jaakko et al., 2011), reading a book (Weibel et al., 2009), watching a movie (Fornerino et al., 2008), taking part in site-specific performances (Machon, 2013) and listening to music
(Chamberlain et al., 2018). In such experiences the sense of immersion does not emerge from
physically being in another reality (as in VR), rather it is the result of, for example, narratives
(Jaakko et al., 2011; Murray, 1997), participant’s willingness to engage with the game and actively
role-play (Jaakko et al., 2011), or to take part in a play as an audience-performer (Machon, 2013).

2.3.1.1 Immersive Performances
With respect to theatre and performances, immersion is seen as audience’s active participation
(to some extent) in the experience of the performance. In such a perspective the performance
4 http://screenx.co.kr
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space is designed in a way that audience members can navigate through and inhabit it (Broadhurst and Machon, 2006), interact with elements of performance, other participants or performers and become part of the performance. As one can see, this definition is very similar to the
definition of interactive performance previously described. In fact, the majority of published
works on interactive performances (e.g. Machon, 2013) create a direct connection between audience participation and the experience of immersion, consequently those interactive performances that provide audience’s participation are equally perceived as immersive performance.
In such an experience, as the audience often has a part in the creation of the performance, the
experience of the performance and immersion (or lack of immersion) could become unique in
each run of the performance (Broadhurst and Machon, 2006).

2.3.1.2 Immersion in other Domains
In relation to narratives, Douglas and Hargadon (2000) discuss the relationship between immersion and engagement as part of narrative schemas. In this respect reading a book can be seen
as an immersive experience as the reader is absorbed within the “flow of a familiar narrative
schema”, and be seen as engaging as the text requires shifts in perspective, senary or the story.
They argue, through providing familiar narrative schemas within the text (interactive or not) the
reader will experience the pleasure of engagement and immersion, and consequently enjoy the
flow states.
Immersion has been extensively explored in the context of games. Brown and Cairns (2004) have
discussed immersion in relation to three different degrees of player’s involvement with a game.
First is engagement which is the lowest level of involvement. Second is player’s engrossment
through game construction, which requires a “high level of emotional investment in the game”.
And third is total immersion, which is the player’s presence in the game. Following on from this
Jennett et al. (2008) have investigated immersion through quantitative analysis of several experimental studies of immersive (computer game) and non-immersive conditions (clicking-task).
Although their findings do not provide a clear definition for immersion, they highlight the importance of players’ emotional involvement within the game and that it create a higher level of
experience of immersion.
Mestre (2006) describes immersion in relation to the interactivity of the virtual environment as
well the “resemblance” of human characteristics that are removed from the real world and presented in VR. In Hamlet on the Holodeck, Murray (1997), describes immersion (mostly) in relation to VR experiences and presents three characteristics which are: affordance of the system
that includes both human and computer in creating interactions, participant’s sense of agency,
and depth and detail of the VR environment. From this perspective, the sense of immersion will
occur when the interactor’s5 behaviour and computer’s behaviour fit together and results in the
creation of the sense of agency. This sense of agency is afforded by interactivity, together with the
freedom of spatial navigation within the VR space and results in a sense of immersion for the participant. Murray argues that as an active process the sense of immersion differs from the passive
view of “suspension of disbelief”6 – agreeing to accept the fictional world and pretending it has
happened (Eco, 1995, p.75). Suspension of disbelief mainly relies on the reader or participant’s
willingness and imagination to accept the fictional structure. While in contrast, the actions and
the feeling of agency that are designed and implemented within the interactive VR environment
5 A person who interacts with something, for example a person interacting with virtual objects in VR
6 Willing to suspend disbelief: to act as if you believe that what you are seeing is real or true, although you know
that it is not. Cambridge English Dictionary (Online ed.). 2020.
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would deepen the sense of immersion collectively. Such a phenomenon therefore, is labeled as
the Active Creation of Belief:

“The pleasurable surrender of the mind to an imaginative world is often described,
in Coleridge’s phrase, as “the willing suspension of disbelief.” But this is too passive
a formulation even for traditional media. When we enter a fictional world, we do
not merely “suspend” a critical faculty; we also exercise a creative faculty. We do
not suspend disbelief so much as we actively create belief. Because of our desire to
experience immersion, we focus our attention on the enveloping world and we use
our intelligence to reinforce rather than to question the reality of the experience.”
(Murray, 1997, p. 253)

2.3.2 Presence
With this brief overview on the definition of immersion, I shall now describe presence as a
“species of immersion” (Mateas, 2001) or the experience of total immersion (Brown and Cairns,
2004). Presence is described as “The sense of ‘being there’ in the environment” (Slater et al.,
1994) particularly in a VR environment (Steuer, 1992), “the subjective experience of being in
one place or environment, even when one is physically situated in another” or the experience
of a computer generated environment (Witmer and Singer, 1998). A common description of
presence is “the feeling of being physically present (from a first-person point of view) in a remote
environment” (Mateas, 2001).
Murray (1997) relates immersion as the feeling of being present in another environment and interacting with that environment in different layers of, for example, spatial and sensorial engagement. Such an engagement therefore can increase participants’ sense of presence within the
environment and reinforce the reality of the experience (Murray, 1997, p. 136). The acceptance
of such a reality is seen as both the result of the participant’s tacit agreement to suspend their
disbelief (Eco, 1995) as well as their active creation of belief (Murray, 1997) that emerges from
different levels of interactivity afforded by the immersive environment.
Such a sense of being there within an environment (whether it is an immersive VR experience or
a book) goes hand in hand with immersion. The sense of being there helps the participant suspend their disbelief or actively create their belief and ultimately creates the sense of immersion.
The sense of presence have also been investigated along with immersion and in relation to participant’s agency and their freedom of navigation within both physical and virtual environments
(Murray, 1997), as well as their total involvement with a game through emotion, and attention
– visual, auditory and mental (Brown and Cairns, 2004; Jennett et al., 2008). Presence has also
been a topic of interest for a number of studies to attempt to quantify the level of a participant’s
presence within the immersive environment. This has been explored within VR and game environments (Witmer and Singer, 1998), in relation to natural sensori-motor coupling in the virtual
environments (Mestre, 2006), through the embodied presence of the participant in a game using
avatars (Calleja, 2011) and other participants (Murray, 1997), and how the sense of presence can
be altered by the consumption of drugs or chemical compounds like ethanol (Lorenz et al., 2018).

23

3 Methodological Approaches

This chapter presents the methodological approaches used in this thesis to investigate the
three research questions presented in the Introduction. Throughout this thesis I have used
Research through Design (RtD) and performance-led research in the wild as two main research
approaches. The decision of which approach and method to use for each case study was greatly
influenced by the type of access I had to the performance and its resources, as well as the type
of collaboration I had with the designers or artists who lead or owned the source of study. This
determined the choice of methodological approach used for each case study, the data collected
from each case study, and sometimes the demographics of participants. In this chapter, these
choices are discussed together with the related literature. Details of the application of these
methods will be presented in Chapter 5.

3.1 Research through Design
Research through Design within HCI and IxD has been coined by a number of researchers (e.g.
Zimmerman et al., 2007). However, discussions on the relation between research and design,
particularly within HCI and IxD, goes back to Frayling (1994) essay on classifications of research
and design. Frayling proposed art and design as being from the same creative root and reflected
on the role of the researcher by suggesting three categories of research concerning design and
art. These categories are: “research into art and design”, “research through art and design”, and
“research for art and design”.
First is research into art and design that mainly focuses on, for example, historical and theoretical research on art and design. An example of this category would be studies of gender in contemporary art. Second is research for art and design that turns to pre-design activities primarily
undertaken by the designer or artist, such as gathering reference materials for a painting. The
third category, research through art and design, on the other hand, is where the researcher and
the designer (or the artist) have a common ground. Frayling describes this category as where the
development of the end result (the art or artefact), action research, or the material of research
can be explored.
Frayling’s work is considered foundational for RtD in design research and studies within HCI.
However, the terminology is not used with the same definition as Frayling’s “research through art
and design” (Bardzell et al., 2015; Dalsgaard, 2010). For instance, Bardzell et al. (2015) note that

25

Chapter 3. Methodological Approaches

Figure 3.1: Design-oriented Research (left) vs. Research-oriented Design (right)
Source: Fallman (2003)

the HCI take and practice of “RtD” “most closely maps onto what Frayling in fact called “research
for design”(cf. [32])”, without including “and art” from Frayling’s categorisation. One notable
takeaway from this argument is that while RtD does not exclude studies of artistic practices from
the research approach, it skips the commitment that Frayling has considered for art and artists
by excluding the “art and” from the categorisations (Bardzell et al., 2015).
Following on from Frayling’s work, Fallman (2003) introduces Research-oriented Design and
Design-oriented Research to discuss the design, activities and production of knowledge within
HCI practices. He presents research-oriented design as an approach that focuses greatly on the
production of a new product rather than knowledge. A common example would be computing
systems designed to solve a certain problem in peer-to-peer network communications. The
outcome of such an approach is not aimed at producing new concepts or theories, rather it is
the existence of a new and tailored artefact itself. In contrast, the knowledge produced through
employing a design-oriented approach comes from studying and designing an artefact through
employing such techniques or getting involved with design activities. In such an approach the
artefact itself is not the main contribution, rather the research activities and knowledge gained
through “being at the heart of design-orientation” is the contribution of the study (Fallman,
2003). An example of this, as presented by Fallman, is sketching as a design activity used by both
designers and researchers. Sketching in the design practice, therefore, is not merely a tool to
“externalize” designer’s ideas, rather it is way to portray how designers think and how they may
relate a theory to their design application (Fallman, 2003).
The Research through Design model was proposed by Zimmerman et al. (2007) and aimed at the
production of knowledge and artefact through a collaboration between design researchers and
HCI researchers. In this respect, RtD can be seen as a research approach that is iterative and
aimed at production of knowledge through activities in the design process. Similarly Dalsgaard
(2010) introduces research in and through design, in which the approach looks at design as an
inquiry and instrument for the researcher involved in the design process to produce knowledge.
The activity, therefore, might be considered as a design process (i.e. designing artefacts or running ideation workshops), but the outcome is the knowledge produced during this process.
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3.1.1 RtD and Knowledge Production
Discussing these research methods and approaches also requires a discussion on the production of knowledge they contribute. As mentioned above, the outcome of such approaches can
be seen as artefacts and prototypes (e.g. Djajadiningrat et al., 2000) or the knowledge gained
through ideation activities, such as brainstorming (Osborn and Bristol, 1979) and bodystorming (Burns et al., 1994). While this type of knowledge contribution focuses on specific instances
of design, there are also other important types of knowledge contribution that go beyond the
process of design and focus on the abstraction of knowledge at a higher level and above particular instances. Of particular interest to this thesis is Strong Concepts (Höök and Löwgren, 2012)
as a type of knowledge that can emerge from design-oriented HCI research. Inspired by Stolterman and Wiberg (2010) concept-driven approach that puts the focus on the theoretical advancements of a design, Strong Concepts takes specific design instances (Stolterman, 2008) as a source
of study to construct a concept of design at a level of abstraction above particular instances that
“have the potential to be appropriated by designers and researchers to extend their repertoires and
enable new particulars instantiations.” (Höök and Löwgren, 2012).
With this brief overview on the RtD research tradition, I aim to highlight the importance of a
practice-based interdisciplinary research. In this respect, I use artists’ creative practice – whether
it is a performance or a design scenario – and audience’s interactions within these practices as a
source of study in order to understand and investigate further. This thesis therefore, places a focus on the knowledge produced through qualitative and design-oriented research approaches.
Although the research activities and methods carried out in relation to each case study varied,
they all fall under the broad category of RtD. Here, I should also emphasis that the multidisciplinary nature of these cases studies helped (and sometimes required) me to move beyond
adopting a single approach to employing a combination of approaches and methods such as
performance-led research in the wild.

3.1.2 Research through Design in this Thesis
To be more specific, and in relation to RQ1, the ideation and design workshops described in
§5.1 as well as the one described in §5.3.2.3 are two examples of using Research through Design
approach within HCI. The design scenarios and sketches introduced in these studies are used
as a way to externalise artists’ and HCI researchers’ ideas as well as their understanding of the
concepts or technologies in use. Respectively, the iterative ideation and design process of these
case studies provided an opportunity to understand opportunities and challenges of designing
interactive performances rather than focusing on a final design solution.
The technology trial described in §5.2 falls under the broad umbrella of design-oriented research
as it studies the use of an artefact, in this case the Sensus guitar. This is done by examining musicians’ interactions with the guitar and their extrapolations of its use in practice. One of the
main investigative points of these trials was to understand the musician’s difficulties in adapting
to an interactive and smart instrument, the emphasis was not on disrupting musicians’ practice
through technology as a breaching experiment (Crabtree, 2004). Rather, it was used as a method
to “examine the ways in which a practice can be done in a new way” (Brown and Juhlin, 2015,
p.199). In this study I have used technology trials with an aim to investigate challenges and opportunities that a smart instrument, such as Sensus, can provide for artistic practices. The adoption of such an approach was influenced by the limitations of this study, particularly in terms of
lack of access to the design process of the smart guitar. With this limitation in mind, a technology
trial method was seen as a way to study how musicians perceive and envisage such an interactive
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artefact in their process of composing or performing music. This helped to focus on the knowledge that could be gained from practitioners’ encounters with a functioning instrument, beyond
its success or failure (Brown et al., 2011), to ultimately investigate and discuss the challenges and
opportunities of designing similar interactive instruments.
Moving from a broad research interest on studies of interactive performances (RQ1) to
mixed-reality performances as a more focused topic (RQ2 & RQ3), required different research
approaches and methods. As mentioned earlier, while the core and basics of the investigation
has been similar, there has been differences in the focus of the approach such as moving
from RtD to the performance-led research in the wild. In what follows I first introduce these
approaches in relation to HCI research and their relation to each case study.

3.2 Performance-Led Research in the Wild
Introduced by Benford et al. (2013) this approach falls under the category of RtD1 , in which it explores artistic and cultural applications. The two main terms used in this method, “performanceled” and “in the wild” can define the scope and interest of the research approach.
The First part, “performance-led”, refers to the artist-led angle of research rather than, for example, a user-led angle. The artefact being under study and design is the performance, designed
by artists (practitioners) often in collaboration with HCI researchers. The second part, “in the
wild”, refers to a “realistic” situation and “real” users in that situation. This “realistic” situation,
considering the context, could be experiencing a performance in a public setting or the artistic
decisions that the artist takes to design the artwork. “Real” users could be those who get involved
in the artwork with different roles and at different times such as the audience, curator, or artist
on stage.
Reflecting on what was previously mentioned in relation to RtD and Frayling’s work, performance–led research in the wild can be seen as both Research for art and design through artists
engagement with researchers and getting exposed to emerging concepts (Benford et al., 2013)
as well as research through art and design using researchers’ investigation and the outcome of
this investigation. As this method brings back the focus to the art (at least to performances as a
category of art), the method therefore can be seen as a complementary solution for RtD within
HCI.
Performance-led research in the wild approach introduces three main activities (Figure 3.2) that
are interconnected through different design-oriented research activities (Benford et al., 2013):
• Practice, in which the creative and iterative process of artistic work is explored by the researcher in collaboration with the artists,
• Studies, in which the researcher studies the artwork in a realistic setting with audiences by
employing different methods to collect data and analyse the experience.
• Theory, in which the results from the first two activities can be used to generate a concept,
theory or framework to be used as an analytical lens or for further design.
1 Benford et al. (2016) did not use such a categorisation in their original publication that describes the method.
However, in their recent publication from the same research group and in describing their undertaken method,
they see it as a method that “falls under the broad umbrella of Research Through Design”(Ramchurn et al., 2019)
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Although performance-led research in the wild ties the relationship between performance and
research projects, the research focus has been mainly around studies of audience’s interaction
and experience of the artwork as well as theories and findings that have emerged from these
interactions, as seen in for example (Benford et al., 2016; Ramchurn et al., 2019). Consequently,
few studies (e.g. Fdili Alaoui, 2019) have focused on how practitioners may make sense of the
research process or technologies, and how interactions between different individuals and roles
come into the being throughout such performance-based research projects (Spence et al., 2015).
In trying to bridge this gap in performance-based studies, Taylor et al. (2017) propose the selfsituated performance research method which describes the researcher’s active role in designing
technological experiences as well as actively participating in interactions with others. Consequently in such performance-based research, a performer-researcher shifts his or her role between being a researcher and a performer. Taylor et al. (2017) argue, to be recognized as selfsituated performer-researcher, one does not need to identify as an artist or a performer. Instead,
it is the performative qualities of interactions with the performance, artists, and participants that
help the researcher to take a performative role in different phases of design and exhibition of a
performance. In this respect, while self-situated performance research can be seen with similar
characteristics to ethnographic approaches (e.g. participant observation), the main contribution
comes from performer-researcher’s active participation in the on-going project.

Figure 3.2: Overview of performance-led research in the wild, (Benford et al., 2013)
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3.2.1 Performance-Led Research in the Wild in this Thesis
Two case studies presented in this thesis, §5.3 and §5.4, are carried out following the
performance-led research in the wild approach. The former addresses RQ2 and is focused
on understanding the experience of a mixed-reality performance in the wild and introducing
friction as a Strong Concept.
In adopting the full capacity of performance-led research in the wild approach to investigate RQ2,
one limitation became apparent. This limitation concerned investigation of artists creative and
iterative process of design (Practice) as part of the studying §5.3: Strange Days. This resulted in
using the approach in a way that did not include artist-led design activities, as described in the
description of Practice in performance-led research activities. Studying interactive performances
without access to the design activities has been used in previous studies (e.g. Rossitto et al., 2017)2
where the HCI researchers were not involved in the design process of the performance. This is a
similar situation to the one seen in §5.3, where the performance was designed before the start of
my collaboration with the artists.
While this can be seen as not using the approach to its full capacity, I employed the complimentary method of interviewing artists about their design strategies. Additionally, the in the wild
nature of the approach provided an opportunity to understand the performance through the deployment of the performance, and as experienced by the audience. As a result, and in relation
to RQ2, I have used performance-led research in the wild with an emphasis on the possibility of
studying the performance while it is being performed. With such a use, the study of the mixedreality performance was regarded as an independent and valuable opportunity to collect data for
analyzing and further understanding the experience from both audience and performers’ perspectives. Consequently, this case study (§5.3) is situated in the middle of the approach as an
example of a study of a previously developed performance, which includes two design-oriented
research activities; studies of interactive performances and developing an analytical lens for further design (Figure 3.1).
Investigation of RQ3 builds on a similar research approach, this time with access to the artist-led
design process. To investigate this research question, I had the opportunity of collaborating with
an artist from the beginning of the research process, which consequently resulted in the possibility of studying their creative and artistic practices from the early stages of research. Following
on from this, I adopted the full perspective of performance-led research in the wild together with
self-situated performance research. While performance-led research provided different types of
research activities in terms of focus on the unit of investigation and the development of an analytical lens or concept, self-situated performance research provided an opportunity for me to
move beyond an observing researcher and become an active participant in the design process
of the performance. This provided an opportunity to not only investigate artists’ understanding and use of the concept of friction in their creative design practice, but also to make sense of
the performance from within and through co-creating it with artists and audience participants.
In chapter 6, I will revisit these methodological approaches and reflect upon the opportunities
and challenges that exist in mutually beneficial collaborations between the HCI researcher and
artists.

2 In this example, authors explicitly mention that they were not part of the design team: “The performance was
a commercial production designed and developed independently of research purposes.”
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This chapter presents the stance towards research ethics taken and the practical application of
them throughout the work presented in this thesis and in the related case studies. There were
three main ethical considerations with respect to this research: participants’ rights of access to
experience and data, participants’ consent to take part or withdraw from the experience, and the
integrity of the research. In what follows I describe each in more detail.
The first one is the participants’ rights to gain benefit from the experience, for example through
the use of the collected data (Brown et al., 2016). This can also include providing them an opportunity to intervene in the performance and to take an active co-creative role. This opportunity
can be seen in all case studies presented in this thesis, as I have made the research data as open as
possible while still respecting the participants’ privacy and the confidentiality of their information. This includes data collected from those who took part in the experience such as audience
members and musicians, and those I collaborated with such as artists and designers. No participants were paid for their participation in any of the case studies presented here. Artists involved
in the last case study received funding from Riksteatern to cover their costs.
The second consideration is acknowledging participants boundaries (Benford et al., 2015a) in
taking part in the performance, giving them the opportunity to terminate their involvement or
request to remove all or part of the data collected on them . All participants involved in different
stages of research presented in this thesis were informed about the research behind the design
workshops, technology trials, live performances or rehearsals. Their agreement to take part was
recorded in the form of an accepted written invitation to attend the workshops or performance,
as well as written or verbal consent to give us permission to collect data while they are experiencing an artwork, product or taking part in an interview.
The third is in relation to the integrity of the research and negotiating the ethical framework in
a dialouge with participants and collaborating researchers and artists (Durrant and Kirk, 2018).
While interviewing participants of a performance (§5.3: Strange Days) or technology trials (§5.2:
Sensus) we made sure to make the participants aware that we (the researchers conducting the interviews) were not involved in designing or staging the performance nor in designing the smart
instrument. This decision was made to give a greater license to the participants to express their
views and criticise the work. In all cases presented here the decision on the anonymity of the participants – whether it is a quote or their picture or name – was negotiated with them. Therefore,
all images included in this thesis or related publications have been obtained with participants’
permission. Additionally, in some cases to preserve participants’ anonymity they have been given
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pseudonyms or been blurred in the photos.
Having acknowledged these considerations in relation to this research, I describe the practice of
ethically performing research as performed in the work covered in this thesis.

4.1 Research Ethics
In relation to the first case study (§5.1: ‘Storming Ideas), all attendees were informed about the
video camera placed in each room and where these cameras were placed. Participants were
also asked whether their photos and recorded conversations could be used for the purpose of
research. I have anonymised participants’ names and photos for those who have requested
anonymity.
In the case of the second study (§5.2: Sensus), all participants were invited by Mind Music Lab
and they all signed consent form provided by the collaborating company. Prior to each of the trial
sessions, I informed each participant about my research being conducted during and after their
experience of the prototype and asked for permission to collect data through video recording,
observation, and audio recordings of interviews. If they agreed to participate, I then asked for
their contact information and shared my contact details for any possible future follow up. All
participants gave permission to use their names and photos for the purpose of research, but as
requested by Mind Music Lab we have given them pseudonyms and covered their photos. For
this case study, video recordings of the prototype use were shared with Mind Music Lab, but
audio recordings of the interviews were kept private and only shared with those involved in the
research at Stockholm University.
For the third case study (§5.3: Strange Days), an invitation which included information about the
performance, as well as the research alongside it, was drafted with the assistance of the artists.
This was used as a transparent communication approach to inform everyone about the research
associated with these runs of the performance with three goals in mind. First, to acknowledge the
boundaries of the performance as it was being performed for free and without any financial benefits for the artists. Second, to avoid any confusion and issue that could have been raised through
the audience being unaware of their participation in the early stages of the performance. And finally, to support the research agenda. Those who agreed to participate later received another formal invitation that included detailed information about what type of data would be collected (e.g.
video and audio recordings), whether they wished to attend the interview after the performance
and, most importantly, their right to withdraw from either the experience of the performance or
the research. This information was reviewed with each participant upon their arrival at the venue
where the performance was being staged, as well as reiterated prior to each interview. All participants gave permission to use their photos and videos, however, we have used pseudonyms when
presenting quotes from their interviews. With respect to artists and performers themselves, they
provided us with permission to use their names, photos and video recordings for the purpose of
research.
In relation to the last case study (§5.4: Designing with Frictions) all artists involved in the project
were informed about the collaborative nature of the project from an early stage of drafting the
project proposal. During several phases of sketching, we let participants experience the artwork.
This was negotiated between the production team and Riksteatern and all participants were in
full control of the experience. They were informed they have the right to terminate the experience
if they felt uncomfortable. All participants were informed there are recording camera around
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and on stage. They could request to not participate in the research but the experience of the
performance without being recorded or both. All video and audio recordings are shared with the
artists with permission from all involved participants. In one occasion we decided to change the
scene (replace chairs with a platform) to make it more accessible and safer for the participants,
for example when they needed to climb on in while wearing a HMD. The request was welcomed
by the artists and the scene was change accordingly.
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This chapter presents the results of investigating RQ1, RQ2 & RQ3 through empirical material
collected through four case studies:

• ‘Storming Ideas is aimed at investigating RQ1 through exploring the role of novel technologies (e.g. bodily tracking and bio-sensors) and their interaction modalities in the context
of interactive performance.
• Sensus is also aimed at investigating RQ1 through exploring the use of a smart and interactive guitar within professional guitar players’ practice. This study also explores smartness
in relation to musicians’ creative practice of producing and performing music.
• Strange Days is focused on investigating RQ2 through exploring audiences’ experience of
an interactive performance with VR, and how artists make use of technology and their skills
within a live mixed-reality performance in order to create an immersive and meaningful
experience. The concept of friction emerged from this study as a lens to analyse audiences’
experience of interactive performances with VR. This was formulated as a Strong Concept
which was further developed and investigated in the next case tudy.
• Designing with Frictions is a follow-up on the previous study. It focused on RQ3 to further
investigate the concept of friction as a design resource in sketching and performing interactive performances with VR. This study is also used to vertically ground the concept (Höök
and Löwgren, 2012), through investigation of the concept in other instances of design.

The case studies presented here were conducted through the collection of qualitative data from
multiple sources. These included semi-structured interviews of participants, designers or artists,
audio and video recordings of experiences as well as field notes and in-site observations. This
constellation of different data provided “a way of triangulation and checking for different recall
of events” (Gray, 2004) in order to focus on specific parts of the data to analyse and reflect on
interactions and design processes. Although most of this data has directly contributed to the
findings presented in this thesis, some of the collected material was primarily used for me to
understand the specifications of the topic under investigation rather than being used as a unit of
analysis for a particular case study. As an example of this type of material is interviewing dance
performers and curators prior to the workshop (§5.1) in order to better understand the field of
performing art and better accommodate it into the workshop activities.
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First, these methods allowed me to collaborate with artists and practitioners in the field of performing arts in order to “take advantage of the real skill” (Zimmerman et al., 2007) they possess
to “create professional quality experiences” and study these artistic practices in a realistic setting
(Benford et al., 2013). Such an approach provided an opportunity to get engaged with artists and
understand their strategies for interweaving different types of interactive technologies in the creation of an art piece. Second, these methods allowed me to explore different possibilities outside
of the current paradigm of design (Fallman, 2003) in order to produce new knowledge (Dalsgaard,
2010; Fallman, 2003) and transfer the “knowledge produced in the HCI research to the HCI practice community”(Benford et al., 2013; Zimmerman et al., 2007).
In the following, I describe the design and research activities involved in these case studies and
introduce the publication associated with each.

5.1 ‘Storming Ideas
Presented and discussed in Paper I & Paper II.
This case study was based upon two workshops, and aimed at investigating the first research
question on how can novel interactive technologies, such as bio-sensors, be interwoven into
interactive performances. The two workshops used techniques of brainstorming (Osborn and
Bristol, 1979) and bodystorming (Márquez Segura et al., 2016b; Schleicher et al., 2010) during the
ideation activities. The description of 17 design ideas and the related scenarios produced during
two workshops are presented in Appendix A.

5.1.1 Background and Methods
For the first workshop, the goal was to broadly explore the role of bodily tracking and sensors (e.g.
bio-sensors, proximity sensors) in the context of interactive performances. The second workshop
was more narrowly focused on envisioning design ideas and novel interaction modalities for an
interactive movie, focusing on sensor-based and bodily tracking technologies. The data collected
from these design workshops included video recordings, notes, as well as photographs taken to
document the process and to better ensure that details were remembered when discussing the
workshops later. It also included the artefacts generated during the workshops such as drawings,
paper prototypes, mini performance ideas, and play-dough models. This data comprised of 10+
hours of video recordings and 50+ still pictures, along with our notes and designed artefacts. The
details of this case study and its findings are published in Paper I. Additionally, Paper II presents
the detail of appropriating bodystorming as an ideation method for designing movement-based
interactions, which was used in Workshop Two: Move:ie.

5.1.1.1 Workshop One: Envisioning
The first workshop was designed based on brainstorming techniques. Brainstorming (Osborn
and Bristol, 1979) and prototyping (Helander et al., 1998) are two of the classic ideation methods used in generating creative ideas. These methods have been used to support participatory
design methods in, for example, simulating the interaction between technology and its users as
well as easing the communication between those who use the technology in question and researchers. We invited participants with different backgrounds such as interaction designers, en-
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Art-related

Technology-related

Participation

Kinetic Interaction

Storytelling

Taste and Scent

Temporality

Biometrics

Table 5.1: Theme cards presented in the Envisioning workshop

gineers, researchers, artistic directors and actors to contribute and collaborate in creating interactive performance ideas with emerging technologies – bringing diverse set of skills, knowledge
and experience to the design workshop.
The workshop was organized in three phases of plenary and group sessions. Phase 1: introduction, Phase 2: ideation and brainstorming, Phase 3: presentation of ideas and group discussion.
Phase 1 started with the organizers1 goal of creating a common ground by briefly reviewing and
introducing current interactive performances, mainly designed or researched by the organizers.
This was followed by introducing six theme cards to the participants, categorised as Art and Technology (see Table 5.1). The idea of using such cards was to spark inspiration, and encourage
our participants to think about one or more theme from each category to combine and use in
ideation process. We presented the theme cards and the instruction on how to work with them
at the beginning of the workshop with some already existing examples from previous work (e.g.
Örtman, 2011) on using technology in interactive performance.
In Phase 2, participants were divided into three groups, one with six participants and the other
two with seven. We tried to have at least one participant from each background in each group,
to have an equal distribution of expertise and experience. Each group had one of the organizers
to lead the group, open discussions and encourage everyone to engage in the group activities by
sharing experiences related to the topic. During the group activities participants were asked to
use the theme cards and first decide what type of performance was of most interest for them to
work with (i.e. theatre, dance, street performance, etc.), and then add the suitable interactivity
with the technology in use to the selected performance. In Phase 3, they were asked to present
the designed ideas using relevant personas for each scenario of the suggested interactivity (see
Appendix A.1). Figure 5.1a illustrates different characters involved in one of the brainstormed
scenarios, Bob the Blue Ghost, as presented by one of the groups.

5.1.1.2 Workshop Two: Move:ie
One of the participants in the first workshop was Rebecca Örtman, a professional director who at
the time was working on a short children’s movie, Liv, revolving around the protagonist’s love of
dancing (Figure 5.3a). The second workshop was organised as a collaboration with this director,
focusing on ideas related to novel interactions with a movie using technology. This collaboration
provided an opportunity to follow-on from the first workshop and to open the design space by
exploring possible interactive ideas, with a goal to focus on the values, message, and themes
central to the film.
Taking into account the short movie and its story about dance, getting familiar with dancers and
1 The main presenters and organisers of this phase were: Louise Barkhuus, Chiara Rossitto and Asreen Rostami
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Figure 5.1: Participants used playdough to demonstrate and describe their brainstormed scenario, Bob the Blue
Ghost (see Workshop One: Envisioning)

choreographers and their artistic processes became a source of inspiration to supplement the
second workshop. In this respect, and in order to ground myself in the field and better inform the
design of the workshop activities, a pre-workshop study was conducted. This study was aimed
at understanding how dancers and choreographers – as a potential target group of the second
workshop and its outcomes – design their performances. To this end, prior to the workshop, I
conducted the following activities:
This included two days of observation (four hours in total) of a dance-theatre piece, Freud’s
Anatomiska (Figure 5.2a), at the Royal Swedish Opera, followed by interviewing the choreographer of the piece, in a semi-structured interview. This interview was followed by 3 more interviews; one other professional choreographer and dance performer, as well as two amateur
dancers. These interviews were used to examine the creative process that choreographers and
dancers take to design dance (and body) movements for their performances. It also highlighted
the work they do to achieve a shared vocabulary and understanding of this form of performance.
This was used to inform the creation of a common ground for me and the participants of the
workshop. The interviews explored their process to create choreography or perform it, as well as
their use of technology to create or document their practices. One of the professional choreographers later joined the second workshop and designed part of its activities.
Inspired by this pre-workshop study on dancers the second workshop was designed to explore
ideas of interactive performance with respect to the use of interactive technologies to enhance
the viewing of the short movie and potentially create a dialogue with audience members. I organised the the activities of the second workshop, Move:ie, in collaboration with Elena Marques
Segura who was also one of the participants of the first workshop. The bodystorming method,
employed in the second workshop was provided by Elena Marques Segura. This method is outlined in the next section, followed by a detailed description of the workshop activities.

5.1.1.2.1 What is Bodystorming? As mentioned earlier, design activities such as sketching,
ideation workshops and prototyping play an important role in the production of knowledge in
the HCI and IxD research fields. Brainstorming (Osborn and Bristol, 1979) can be seen as a classic method of ideation that uses the imagination of the participants in creating creative ideas and
scenarios. Bodystorming is another hands on method of ideation, in which participants are encouraged to use their body and physical movements to enact a situation (Oulasvirta et al., 2003)
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(a) Observation session of a dance and theatre performance at the(b) Some of the probes and toys used in the
Dramaten
second workshop
Figure 5.2: (Pre-)Workshop preparations

or a design idea (Burns et al., 1994).
Burns et al. (1994) uses improvisation and role-playing techniques to spark imagination beyond
the drawing boards, and to help the designer to enact situations that are faced by others in order
to “think through the implications of a new design idea “in someone else’s shoes””. The output of
such an approach does not stem from, for example, observations of users, rather it stems from
understanding and experiencing the interaction in an embodied way. Oulasvirta et al. (2003)
makes use of bodystorming in designing scenarios of interaction in ubiquitous computing applications. One example used in their study was asking participants (designers and researchers)
to enact the experience of being an elderly person in a grocery store to understand how product
information could be forgotten or misremembered by elderly people. In this example, bodystorming is used in the wild to provide not only a realistic design environment for the participants,
but to provide a context for the designers to better understand the problem and design ad hoc
solutions.
More related to the case study presented here, bodystorming is used as embodied ideation
method at the start of the design process (Schleicher et al., 2010) for movement-based interactions. This focus on designing activities rather than interactive systems leveraged the first-person
lived experience of the designers (Márquez Segura et al., 2016b).

5.1.1.2.2 Workshop Structure: We chose to brain and bodystorm ideas using not only available objects such as toys, balloons, or playdough (Figure 5.2b), but also to use the space around
us more actively for the physical enactment of ideas. We drew on a version of bodystorming from
Schleicher et al. (2010) in which acting comes before design and prototyping. The workshop was
structured in four phases. Phase 1: introduction and warm-up session. Phase 2: ideation activities, including brainstorming and bodystorming. Phase 3: Video documenting the final design
scenarios and ideas. Phase 4: Presentation of the ideas and videos to all participants, and discussion.
Phase 1 started with Rebecca introducing the movie Liv, and the story it tells.This gave our participants the background understanding necessary to imagine the story-world, the protagonist,
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(a) Stills from Liv, a short movie directed by Rebecca Örtman. Credit: Rebecca Örtman

(b) Enacting Synchronicity Monster (left) & Auto Hugger (right) scenarios (see A.2) inspired by the playfulness and
some of the sence of the movie. Stills from video recodings of the deisgn process

(c) Enacting Movement Apmplifier scenario (see A.2) inspired by the collaborative message and the target group of
the movie. Stills from video recodings of the deisgn process
Figure 5.3: Few examples of design activities and scenarios enacted in the Move:ie workshop, inspired by the
short movie
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and her activities and concerns. Our participants also had the chance to ask questions from the
director of the movie throughout the workshop. This helped them to uncover themes and use
them as inspirational tokens for idea generation. Then we introduced the concept of bodystorming (Schleicher et al., 2010) to the participants. Following this we invited the participants to take
part in some physical activities.
The Physical activities began with five minutes of Pilates exercises to warm up. These activities were designed and performed by Elena, a researcher in the field of embodied interaction.
For the next phase, another participant, Nefeli Oikonomou, who is a professional choreographer
performed some dance movements and asked participants to follow her, so all the participants
could build familiarity with some of the dance movements and the storyline presented in the
movie (Figure 5.4).
Phase 2 started after the physical activities. We divided the participants in two groups and asked
them to come up with ideas separately. They were prompted with the scores which encompassed
the characteristics of the movie (e.g. playfulness, being together, dance, collaboration), the space
around them, and the probes and artefacts that had been provided (Figure 5.2b). Once the participants explained an idea they generated individually, the rest of the group would collaborate in
ensuring everyone had an understanding of the idea that had been presented. The next step was
for the group to begin to elaborate on the presented seed idea by adding or removing elements
from it. They were primed to think about changing the rules, artefacts, the participant’s roles, or
the method of engagement (Figure 5.3).
Phase 3 was focused on video documenting and prototyping of the scenarios. For this step of the
workshop, we asked participants to create a video prototype of each finalised idea to present it
back to the whole at the end of the workshop.
Phase 4 was the last stage of workshop activities, where each group was asked to present their
videos and ideas. Nine different scenarios (see Appendix A.2) and video prototypes were presented by the two groups and discussed in terms of the type of technology envisaged by the participants in the design of the scenario (e.g. heart rate sensors), the playfulness of the interactions
provided by the scenario for children, the use of tangible objects within the scenario, and finally
opportunities of interactions in different settings (e.g. sharing emotions).
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(a) Participants taking part in pilates exercises

(b) Performing a dance choreography, led by a dance performer
Figure 5.4: Examples of activities explored in the warm-up session
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5.1.1.3 Summary of the Research Setting
Setting: Two design workshops, one was based on brainstorming techniques and the other was
based on brain and bodystorming techniques.
Period of time: The first workshop was a full day activity held in November 2014 and the second
full day workshop was held in June 2015.
Participants: 20 participants took part in the first workshop (14 women and 6 men). They were
3 interaction designers, 2 computer scientists, 8 HCI and media technology researchers (2 PhD
candidates), 2 theatre and movie directors, 2 professional actors, and 3 artists.
8 participants (7 women and 1 man) engaged in the second workshop activities. They were 3 HCI
researchers with background on embodied interaction (2 PhD candidates), 2 HCI researchers
(one PhD candidate), one interaction designer, one professional choreographer and one movie
director. 4 participants (2 women, 2 men) took part in the interview, in which 2 (one woman and
one man) were amateur dance performers and choreographers and 2 were professional choreographers.
Empirical material: A total of 17 design ideas and scenarios from two workshops (see Design
Scenarios A), 10+ hours of video recordings from two workshops, 4 hours of observation of a
dance-theatre piece, 4+ hours of interviews with dancers and choreographers, as well as artefacts
generated during two workshops including drawings and video prototypes of scenarios.

5.1.2 Findings
During both workshops a total of 17 design ideas (see Appendix A) were generated and presented.
These ideas were designed to adhere to a broad definition of performance and interactive performance, including theatre, street performances, dance, and interactive video performances.
Interactivity, as envisaged in these ideas, is seen as audience interaction either with or without
digital technology. When examining the interactions and ideas from the workshops, we discovered two areas where they continually transgressed the boundaries previously put forward in
literature, such as those discussed in (Dixon, 2007). During the analysis of this study we realised
that the method of interaction afforded by bio-sensing and bodily tracking changed the nature
of the relationship between performer and audience. This introduced questions such as how audience members or participants who contribute to the performance with their biometric data,
which to a certain extent is voluntary but also has an involuntary component to it, would be
classified on a scale of interactivity. In light of this concern, I highlight the emerging issues that
novel and near-future technologies can provide and influence the notion of participation. The
following text is structured around the central issues that emerged from this study. Additionally
I presents challenges and opportunities of employing bodystorming as a method in designing,
documenting and sharing scenarios of interactions with others.

5.1.2.1 Audience-Performer
The first issue concerns the role of the audience within the performance, and changing from
audience to performer. The fluid nature of performance and audience roles is something that
has over time become more complex, and even more challenging to categorise and analyse. Most
of previous and current interactive performances that require audience input, take advantage
of their visible and voluntarily actions as the source of that input. Take for example ADA FTW
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(described in Cerratto-Pargman et al., 2014), in which audience members can use their mobile
phone to send messages to the performance and interact with the performance to some extent.
In such interactive performances, actions of interacting with a mobile phone, sending messages
or bodily engaging with the performance (e.g.typing the message) are visible actions and under
the control of the artistic team; they can control the context or enforce when the interaction
should happen.
In light of new technology and media creation paradigms, the visibility and accountability of
interaction and available roles can potentially change the traditional roles in interactive performances. Using bio-data (e.g. heart rate) as input can provide the audience not only a sense of
privilege and responsibility (Ramchurn et al., 2019), it can also provide them an opportunity to
take part in the performance as a director rather than performer by directly influencing it through
their bio-data.

5.1.2.2 Agency and Control
The second area is in relation to the modality of interaction, and audience’s agency and control
over their input to the performance. The types of interaction with performances seen previously
(for instance those presented in Dixon, 2007) were less technologically sophisticated than those
we can witness, and take part in, today (e.g. Ramchurn et al., 2019). In those interactive performances which require mainly bodily interactions, action is connected to agency and control;
the audience member chooses when to interact with the performance and how that interaction
should take place. The novel interaction techniques described through the workshop ideas (such
as those that use bio-sensors) showed that the type of sensing deployed (e.g. bio-sensing) directly
corresponds to the amount of agency the audience member has with regards to their participation in the artwork.
In this respect, involuntary and invisible impulses of the audience used as input to a system of
any kind, such as heart rate or brain signals (e.g. the performance described by Ramchurn et al.,
2019), would result in new opportunities of interactive performances. Understanding this led us
to the conclusion that it is necessary to consider the audience’s participation in light of the degree
of agency and control over their input as they interact with the performance.

5.1.3 Bodystorming as an Ideation Method
The bodystorming as a method of ideation used in one of the workshops was employed to help
participants to consider embodied aspects of their scenarios in the context (the movie) they
were asked to design for. This was also used as a way to help the participants move away from
technology-driven activities to an activity-driven approach. Such a method became useful particularly because the technologies under investigation, such as wireless Galvanic Skin Response
sensors, were not accessible to use for quick prototype development. Additionally, as the participants envisioned more and more sophisticated scenarios of interactive performances which
would required more complex technologies interacting with each other, enacting the scenarios
and interactions through bodystorming allowed more creativity on the part of the participants.
In enacting these envisioned scenarios, the participants – including artists – made use of improvised narration in order to make visible and accountable the actions of the interactive technology
which would be necessary for the final development of the scenarios. This narration and the enactment of the scenarios provided insight on what the technology is expected to do in an abstract
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level, rather than how the technology should be designed to support the desired interactions.

5.1.3.1 Documenting Bodystorming Ideas
In the second workshop, Move:ie, participants were asked to use the video recordings to document their design scenarios and the type of interaction they required, focusing on capturing the
playful, physical, and social activities that emerged. Loke and Robertson (2013) describe documenting of movement activities from the perspective of the mover (a first-person perspective;
movements as perceived by who is moving), the observer (movements seen from a third person
perspective) and the machine (sensing, interpreting, and handling of bodily input by the technology). The short video recordings of each scenario provided by participants in this workshop
were aimed at the observer and the machine perspectives. They showed how the movement and
experience should be seen and understood by an outsider and how the technology would react to
body movements and activities. However, capturing and documenting ideas and ideation activities proved challenging as the mover and machine angles were often pushed to the background
in favour of showing core aspects of the observer’s view.
For instance in two scenarios Synchronicity Monster and Movement Amplifier (see Appendix A.2),
workshop participants were trying to demonstrate how their proposed interactive system should
interact with its participants. In both cases, video presentation of the ideas during the discussion session (phase 4) raised many questions simply because other workshop participants could
not see a human body as a representation of a technology-based interactive system until it was
described to them explicitly as such. In this respect, while these focused videos were seen as a
good documentation strategy for embodied interaction, they placed a greater burden on the participants – to demonstrate the activity– than the more traditional method of ‘present back to the
whole group at the end’. One solution to overcome this issue (presented by another group in the
workshop) was using annotating videos to present and document the machine angle to analyse
the design process and present the mover’s perspective separately. With this approach, the first
person perspective of the mover (or designer) could be added to the perspective of the observer
and the machine.
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5.2 Sensus
Presented and discussed in Paper III.
The objective of this case study was to explore how a group of professional musicians experience an augmented guitar and how they reflected on the smart qualities and sensors embedded in the instrument (Figure 5.5 & Table 5.2). This study contributes to the investigation of
RQ1 through exploring the role of such smart instruments in relation to professional guitar players’ practices, their skills and expertise. This study contributes to the field of research on smart
and augmented instruments (e.g. Benford et al., 2016, 2015b; Jordà, 2005). This contribution
is achieved through providing an understanding on how such instruments could be used in
artistic experiences through highlighting the challenges and opportunities of adapting to such
a technology-oriented instrument.

Figure 5.5: The Sensus guitar. Credit: Mind Music Lab

5.2.1 Background and Methods
This case study was designed as a collaboration with Mind Music Lab, a local start-up that has
designed and prototyped the Sensus guitar (Figure 5.5). We received permission to attend a series
of technology trial sessions designed and planned by the designers at Mind Music Lab. These
explorations were aimed at, for example, understanding how well participants could use each
function of the guitar and whether they would prefer to change the location of sensors or inputs
on the body of the instrument. These sessions were divided into two parts.
The first part was designed to let participants explore the current design of the guitar by giving
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Type of Sensor

Features

Pressure sensor #1, #2, #3

Each sensor is mapped to trigger a single note of a synthesizer
and control its volume

Pressure sensor #4

A discrete control to enable and disable a delay effect

Ribbon and pressure sensors
on the body

The position of the finger is mapped to pitch bend a single note
of a synthesizer. The pressure is mapped to the volume of the
synthesizer

Ribbon and pressure sensors
on the neck

The position of the finger is mapped to notes of a synthesizer
that corresponded to the notes of each fret of the sixth string. The
pressure is mapped to the frequency of the LFO (Low- Frequency
Oscillator) parameter of the synthesizer

Proximity sensor

The distance is mapped to the frequency of the ‘wah-wah’ effect

Inertial Measurement Unit
(IMU)

The tracked up-down movement of the fingers is mapped to activation of a tremolo and chorus effects, as well as to the rate parameter of the tremolo. The front-back movement is mapped to
a note of a synthesizer

Switch button #1

Mapped to the change of preset: a clean sound, and a distorted
sound

Switch button #2

Mapped to the triggering of six different backing track loops

Knob #1

Mapped to the sound engine volume

Knob #2

Mapped to the guitar preamp volume
Table 5.2: The sensors embedded in the Sensus Guitar and their associated features.

them the opportunity to play it for about 15 minutes and then discussing each feature and their
experience of playing the guitar. This part lasted about 40 minutes for each participant (Figure
5.6). The second part was aimed at exploring the possibility of adding new sensors to the guitar,
as well as removing or relocating the current sensors. For this part of the trial, participants were
asked by the start-up to use a 3D printed version of the guitar to place or remove the sensors as
they wished.
The second part of the trials was excluded from analysis and was not included in Paper III due
to the start-up’s concerns around the confidentiality of such direct changes to the future design
of the guitar. All participants were recruited by the start-up through their broad network of professional musicians and guitar players. Being a professional guitar player was the start-up’s main
criteria for inclusion.
Although I was invited to ask questions during these sessions, practically this became an impossible task as those from the start-up thought these questions would cast a shadow over their
agenda. However, I was given permission to observe these sessions, take notes and photos, and
record videos of each session for further analysis. At the beginning of each session, participants
were informed about my research interest and they were invited to take part in an interview right
after their experience of the smart guitar. I was given the opportunity to interview each participant without the presence of any representatives from the start-up. The aim of these interviews was to understand musicians’ first impression of experiencing the guitar and to give them
a greater opportunity to discuss how they may envisage such an instrument in their artistic prac-
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tice, what are its shortcomings and what opportunities it may provide them for either producing
music or performing it.
The main data was collected through observation and interviews and included pictures, video
recordings of how musicians explored different functionalities of the guitar during trials as well
as audio recordings of interviewing musicians after their experience. This data resulted in 11+
hours of video recordings and 6+ hours of audio recordings.

5.2.1.1 Summary of the Research Setting
Setting: Technology Trial
Period of time: May 2016
Participants: 11 professional guitar players (men) aged between 29 and 58 years old.
Empirical material: 11+ hours of video recordings from musicians interaction with the guitar,
and 11 interviews each between 25 and 35 minutes.

5.2.2 Findings
This study unpacks the musicians’ expectations and perceptions of the smart qualities of the
guitar. Analysis of the collected data was guided by the following questions: how they perceive
smartness of the instrument in relation to their practice, how musicians perception of the smart
guitar reflects on their current practice of producing and performing music, and how such an
interactive instrument may change or expand musicians’ artistic practices.

5.2.2.1 Agency of the Guitar
The results illustrated three main findings with respect to these questions. First is the agency of
the guitar. The notion of agency has been associated mainly with human intention and degree of
autonomy, but it has also been discussed in relation to degree of intelligence in systems or in relation to understanding the design process and how “materials ‘talk back’ to designers” (Tholander
et al., 2012).
In relation to Sensus, the agency was seen in the smart instrument displaying degrees of intelligence or behaviour. This was expressed by musicians as if the guitar “has its own brain” which
demands its players to perform certain physical movements, causing them to reconfigure their
skills as well as their physical interactions with the guitar.
The second is the musicians’ experience of the agency of the guitar. Professional guitar players
are skilful musicians and their skills involve physical manipulation of a guitar to play music and
bodily interactions to control the guitar and their performance on stage in different positions (e.g.
sitting or standing up). Although an analogue guitar requires careful interaction – for example in
holding the guitar or touching the strings – it does not react to touch or physical proximity the
way a smart guitar like Sensus does. Consequently as the expected or unexpected movements
(Benford et al., 2005) of the musician can be sensed by the guitar, its reaction to these movements
can cause musicians to move in unexpected ways to control the instrument, the music and the
performance at the same time.
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(a) Exploring the pressure sensors on the neck

(b) Exploring the pressure sensors on the body

(c) Exploring the Front Movement

(d) Exploring the Back Movement

Figure 5.6: The Sensus Guitar in Action
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5.2.2.2 Opportunities of Expression
The third finding is in relation to smart qualities of the guitar and the possibility of expanding musicians’ opportunities for self-expression. The agency of the smart guitar studied here required
musicians to have a higher level of control over their body and instrument compared to their
current practices in order to play music without causing the guitar to produce unwanted sounds.
This required the musicians to adjust their skills in order to successfully play the guitar.
This is also true in terms of adjusting their body movements and their performance on stage, particularly because the smart guitar provides an opportunity to perform another form of physical
expression while playing music. Take for example how a musician may move around the stage
or hold the guitar close to their body. While these movements can have a meaning for the guitar player (e.g. to control the guitar or to play an explicit note) it may not get perceived in the
same way by the audience. The smart features of the smart guitar, however, could enable musicians to communicate these movements by producing particular sounds from the guitar through
mapping certain bodily actions on the sensors implemented in the guitar.

5.2.2.3 Designing for Longevity
Discussing these findings in relation to understanding interactive performances within HCI addressed two main issues. First is designing for longevity. Guitars are valuable objects to their owners. The type of wood used in crafting a guitar, its colours, patterns and shape are usually taken
into account by musicians along with the quality of sound it can produce. While these traditional
guitars require careful treatment over time, they usually do not need to be upgraded except for,
for example, their strings, frets or pickups. Interweaving new technologies in the guitar (e.g. sensors) requires certain extra skills for musicians to update both software and hardware. This can
risk not only the “treasured preciousness of the instrument” through the change in the physical
appearance of the guitar, but also the maintenance task such as maintaining compatibility with
other systems (e.g. updated operating systems of other devices) that could fundamentally change
the quality of sound produced by the guitar.

5.2.2.4 Interweaving Technology
The second discussion point is about layering technology over vs. interweaving technology with
the instrument. The fundamental difference here can be distilled to whether the skill and nature
of playing an instrument are changed by the technology. While in layering the need to adjust
and reconfigure skills does not intrude on musicians skills of playing a guitar (see for example
Benford et al., 2016), interweaving technology demands the player revisit their learned skills.

50

5.3. Strange Days

5.3 Strange Days
Presented and discussed in Paper IV.
The objective of this case study was to study an interactive performance that made use of both
VR (360-degree video) and live interactions during the performance (Figure 5.7). This study contributes to the investigation of RQ2 by adopting the broad perspective of performance-led research in the wild (Benford et al., 2013).

5.3.1 Background and Methods
The performance that was studied for this case study, Strange Days2 , had been designed by
Bombina Bomabst before starting my collaboration with the artists’ group. Therefore, as described in §3.2, I have used performance-led research in the wild to study audience members’
experience of a commercial mixed-reality performance in a realistic setting. More than 300
people received our invitation and those who responded to the invitation received a free ticket
to attend the performance.
I invited Bombina Bombast to perform for a group of volunteered participants as part of a research collaboration. After discussing the logistics, they requested a performance space which
consisted of three rooms next to each other. Since the performance was designed in a way that
Bombina Bombast could take it on tour, there were few restrictions on the size of the rooms or
where these rooms should be located. Bombina Bombast agreed to stage their performance in
the Mobile Life Research Centre in Stockholm (Figure 5.8), and approved the size and the spatial
setup of the the room. Each room was equipped with a Go-Pro camera to record audiences’ and
performers’ interactions as well as their conversations during the performance. Prior to the performance, I interviewed both curators of the performance through an hour of semi-structured
Skype interview3 . The goal of the interview was to understand the artistic view behind this performance What technology they have used and how this technology was integrated into their
design process and storyline.
Sixteen participants experienced the performance during four runs that took place on one
day. These participants were invited through an open invitation. With the help of two other
researchers, we interviewed all participants right after the performance was finished. A range
of different data collection techniques were used throughout this study, generating mainly
qualitative data. The data for this study was collected through video recordings of each room
and how audience members and performers interacted with each other, with technology within
the performance as well as audio recordings of interviewing audience members after their
experience. This data resulted in 11+ hours of video recordings and 6+ hours of audio recordings.
The aim was to base our understanding of the experience not just on the performance, but on
the reported experience of each participant.

2 The detailed description of the performance is documented in Paper IV
3 Bombina Bombast is based in Malmö, Sweden
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(a) Still from Strange Days on tour.

(b) Still from the immersive video (360-degree), shown to the audience
Figure 5.7: Flexible stage setup and organization of Strange Days. Credit: Bombina Bombast
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5.3.1.1 Summary of the Research Setting
Setting: Performance-led research in the wild
Period of time: March 2016
Participants: 16 participants of which 7 were men and 9 were women.
Empirical material: The main data was collected through interviews of audience members and
artists as well as on-site observations, pictures, 11+ hours of video recordings of interactions in
each performance room, 6+ hours of audio recordings of interviews.

5.3.2 Findings
Interviewing Bombina Bombast helped in understanding the motivation behind the design of the
performance. The initial idea of Strange Days comes from a science fiction thriller of the same
name, directed by Kathryn Bigelow, in which movie characters can re-experience the physical
sensations of others. Inspired by this idea, Bombina Bombast tried to transform this dystopian
film experience to a utopian performance experience, and create the same opportunity with currently available technology, namely 360-degree video and VR technology. During the interview,
the artists framed their performance and the core vision of Strange Days as an immersive experience to “re-live someone else’s memory” that creates a “confusion” between physical and virtual
space.
In applying the definition of mixed-reality from Benford and Giannachi (2011), Strange Days can
be seen as “a hybrid artistic experiences which incorporate combinations of live and interactive
performance where audience and performers interact with technology and digital media in real
and virtual world” (Benford and Giannachi, 2011). Bombina Bombast describe their work as a
“human specific” performance: “a one-to-one performance which relies on audience participation” and the audience’s contribution to the body of performance. In this respect, the content
and, as described by Bombina Bombast, “the re-enactment of a memory to re-live it”, is the focus
of the performance, not the technology per se. The 360-degree video was not used by artists to be
the centre of the attention or interaction, rather it was ultimately a tool to transport participants
to the past events in order to re-experience those events.

5.3.2.1 About Strange Days
In Strange Days, artists use different methods and tools (e.g. conversation, VR technology) to
create an opportunity for the audience to engage with the performance and participate in the
roles or tasks assigned to them:

We’ve been working a lot with what’s called human specific in performing arts
- one-to-one performances where the exclusive audience experience is in focus.
Performances that are completely dependent on audience participation and often
explore different forms of sensorial communication. VR for us was the ultimate tool
for transporting participants to wherever we wanted...We wanted it to feel honest
both in our approach as performers and in the aesthetics. We had played around a
bit with sci-fi inspired costumes and with a much more heightened aesthetic but in
the end we wanted the whole format to be very close to our own ordinary selves, to
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(a) Strange Days, Room One, The performer (middle) is telling his story, and inviting the
audience members to take part and share their memories

(b) Strange Days, Room Two, The perfomer is waiting for audience members to enter the second room.
Figure 5.8: The two different rooms of Strange Days, staged and performed in Mobile Life Centre, Stockholm

54

5.3. Strange Days
put us closer to the visitors and not frame the VR experience in a sci-fi.4

During the performance we could see that audience members gradually become aware of their
surroundings, other audience members and performers through both the multi-room set up and
the performance structure which lets them interact with performers and each other. This orchestration of the performance, as it is communicated by performers in different rooms, can be seen
as a method of breaking the fourth wall. This technique can be seen throughout the whole performance, as well as those moments when a different type of media (e.g. music) and technology
(e.g. VR) is used to communicate with the audience within the performance. This technique is
well understood and often used by those who work in this field. In the case of Strange Days, as
explained by the artists, their method of designing and acting in this performance is influenced
by Brecht:

We’re very much aware of the different layers of f[r]iction operating in our works and
acknowledge them in a Brechtian sense: we don’t try to hide the framework and always
remind the visitors where they are in the timeline. 4

An example of employing this method can be seen in the second room, when a performer tells
her story and asks her audience members to put on HMDs to take her place in the 360-degree
video. Up until then, we see both performers (in rooms one and two) try to break the fourth
wall by directly addressing the audience and drawing their attention to the performance. The
interesting phenomena, however, happens when the audiences start observing the musical performance presented in VR. At this moment, as the interaction with the live performer stops, they,
in fact, become part of a system in which the imaginary fourth wall creates a distance between
the performer (in the 360-degree video in VR) and audience. The fourth wall can result in keeping
the audience member as an ‘outsider’ with an emotional and embodied distance from the person in the VR from whose point of view they are seeing. The audience member can only observe
the performance rather than being able to perform any embodied or verbal interaction with the
performer. Considering the nature of 360-degree video, (which only gives the viewer the freedom
to look around from the fixed point of the camera) it can be seen that the audience transforms
from being an active audience in the live performance, as we have seen for example in the first
room, to an observer in VR (Figure 5.9a & 5.9b).
This, however, changes when the audience members receive tactile input from the performer
(Figure 5.9c, 5.9d, 5.9e & 5.9f). This is done by the artists in order to establish a connection between the live performer and the audience while they are observing a 360-degree video (Figure
5.9). This connection is the performers’ action, taking hold of the audience member’s hand, and
the audiences’ reciprocation by either turning their head to look at the performer or returning
the grasp. This physical interaction results in breaking the fourth wall and bringing the audience’ attention back to the performer’s live performance and physical presence. Understanding
the change from a non-interactive (e.g. 360-degree video experience) to interactive experience
in mixed-reality performances, such as the one described in Strange Days, is instrumental to not
only understand how the role of the audience can shift (from an observer to a participant), but
how performers can use these methods to manipulate audiences’ perception of space in order to
create connections between real and virtual worlds with the goal of creating immersion.
4 Taken from the text, written by the artists, Emma Bexell and Stefan Stanisic, in September 2016 and in response to my question about their artistic vision.
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(a)

(b)

(c)

(d)

(e)

(f )

Figure 5.9: Enacting and Experiencing frictions. (a, b) Audience members exploring 360-degree video, (c,d,e,f)
interaction between the performer and audience, connecting the experience of the physical world to the virtual
one by holding hands
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5.3.2.2 Immersion and Engagement
With respect to technology, immersion has been explored, for example, through the lens of VRbased games. In such games, the virtual environment is designed in way that it keeps the player
physically engaged with the game, for example by physically walking or turning around in the real
world to shoot at a zombie in VR. In this example, it is the spatial engagement of the player with
the game, and the act of interacting with the virtual world that creates an immersive environment
and helps the player get “fully” immersed in the experience.
This spatial engagement, however, is mostly missed and neglected for those experiences and performances that use 360-video VR (such as Strange Days) as a media to create immersion. These
performances do not exploit the potential of such interaction strategies, simply because there
is no possibility of interaction with the 360-video. The presumed “immersiveness” of the 360degree video is all designed around the audience’s perception of the experience and their willingness to suspend their disbelief. Expecting the audience to transform to an animal body, just
by putting a headset and observing a 360-video from an animal’s perspective, does not actually
make the audience feel like an animal or react to the environment like an animal (as the animal
in the video they are being shown does).
As described earlier, understanding where in the 360-degree video the interaction can be created
is the key to understanding how immersion can be supported or enabled. One potential lead
to understanding this, as found from this study, could be seen in the role of performers themselves. The role of a human agent (in this case a performer) as an actuator can create interactions
between the audience and performer, between different layers of the performance and between
360-degree video and the audience. This could result in breaking the fourth wall. By breaking the
fourth wall through physical manipulation the experience becomes once again tangible and kinaesthetic. This brings back the audiences’ spatial engagement from VR to the live performance
as it reconnects their action to the perception of the present.

5.3.2.3 Frictions
Most of the scholarly works on the topic of immersion discuss how the experience of immersion
relies on, for example, the immersive surrendering and environment (Slater and Wilbur, 1997),
participant’s psychological state in perceiving self and environment (Witmer and Singer, 1998),
body and sensory alignments (Marshall et al., 2011) or the ability to suspend their disbelief. They
have also emphasised how the tension and frictions within, for example, the design of immersive
environments, and narratives could break the experience of immersion or cause a glitch in the
process of suspending of disbelief. In such explorations, friction is often used with its negative
connotations, meaning a resistance, force or struggle that interrupts the experience of engagement or immersion in, for example, narratives (Jaakko et al., 2011). Alexander (2011) on the other
hand, has used the word with a more positive weight in relation to narratives and storytelling.
Here, friction is seen as the source of engagement in the plot to keep the reader engaged with and
connected to the story while providing them with a meaningful narrative.

“But it’s a good rule of thumb to bear in mind that some kind of struggle or problem,
some source of friction, is usually required to generate both engagement and meaning. When audiences complain about a story being weak, slow, or uninviting, it’s
often from a lack of such struggle. Too easy a plot rapidly becomes dull.” (Alexander,
2011, p. 13)
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With this perspective, friction is not a tension that breaks the continuity of engagement or immersion rather it is the source of energy that fuels audience’s interest to stay engaged with the
work. Such a friction can be commonly seen in the complexity of narratives. A source of a problem, e.g. a whodunit, can be considered a narrative friction used by the author to keep the reader
hooked on the story and make the events and plots meaningful throughout the story.
I have adopted the term friction from Alexander’s work to discuss audiences’ sense of immersion
and engagement within mixed-reality performances. The concept of friction introduced in (Paper IV) is the main contribution of this case study. By introducing the notion of frictions as an analytical lens and a design strategy through this study, we discuss how immersion in mixed-reality
performances emerges from different layers of performance and not just through experiencing
360-degree video.
It is important to mention again that the term friction here is not necessarily used with a negative
implication. In this study, I simply refer to it as the interplay between states during the transition
of the audience from a passive to a more active participation in the performance. Through illustration of these frictions, I discuss how non-digital aspects of an experience could help audience
members of such performances to suspend their disbelief, get engaged with the fictive elements
of the performance and ultimately experience immersion not only through the VR technology
but through the whole performance. Three types of frictions have been introduced to illustrate
the interplay during the transitions between physical and virtual presence of the audience within
the physical and virtual space of the performance. These frictions are:
Temporal friction
This friction constitutes audiences’ transition towards a more active participation which happens
between the present experience of the performance (i.e. being a spectator) and the retrospection
of their own past (i.e. preparing their own story in order to re-tell it and become a performer).
This strategy has been used deliberately by artists to put the audience in the right mood, and to
turn the performance into a more intimate and, thus, more meaningful experience.
Friction between realities
The second friction illustrates the relationship between the audience’s self-projection into the
fictional reality of the performance and the real world. Performers and the audience members of
Strange Days, use different types of media in order to enrich the (re)experiencing of a memory or
the stories they told. These digital media, music and the 360-degree video, which are used by the
artists to help the audience suspend their disbelief and better immerse themselves in the fictional
world of the performance. In this respect, music was used by the artists to help the audience to
project themselves through recounting their own memories and the experiences associated with
the songs they shared. As we see in the study of this performance (Paper IV), differently from the
first room where memories were shared by means of stories attached to the songs, the use of 360degree video added a visual and sensorial layer to the performer’s memories. Audience members
could, therefore, experience the physical layout of the room, and listen to the band playing for the
performer; furthermore, by wearing the Head Mounted Display (HMD) they can put themselves
in the performer’s position in the room and (re-)experience the event, this time from “her point
of view”.
Friction between the physical and virtual presence
This friction emerges from the interplay between the physical and virtual presence of either audience or performer. An example of this is when a live performer establishes physical contact with
the audience as they observe a 360-degree video in VR. As described above, this physical contact
breaks the fourth wall and connects the two worlds (physical and virtual) together through the
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audience’s sense of presence. In the case of the performance under study, the live performer tries
to replicate the scene in her told story (the scene that the audience is observing at the moment in
VR) by making physical contact with the audience member. This replication cannot technically
happen in the 360-degree video (at least with current technology). The performers approach to
fill the gap between this physical and virtual presence is what constitutes the friction between
the physical and virtual presence. At this part of the performance, while the audience members’
consciousness explores the 360-degree video, their body still exists in what we consider a physical room (located in our research centre). As the performer touches the audience member’s body
and holds their hand, she, in fact, reminds them of their physical presence while her presence
becomes virtual as audience members cannot see her in the 360-degree video.
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5.4 Designing with Frictions
Presented and discussed in Paper V.
The objective of this case study was to investigate how frictions can be used as a design resource
in designing immersive mixed-reality performances. This study contributes to the investigation
of RQ3, drawing on the notion of friction to understand how artistic teams make sense of and appropriate the concept of friction to sketch several mixed-reality performances with VR. In doing
so, I use sketching as a core interaction design approach to explore the design process of incorporating different elements of a mixed-reality performance such as VR technology, participants,
probes and space together with three different types of friction namely: temporal friction, friction
between the physical and virtual presence, and friction between realities.

5.4.1 Background and Methods
As described earlier, one of the outcomes of investigating RQ2 was the concept of friction in
mixed-reality performances in order to create immersion within the performance. The findings
of this study informed RQ3, focusing on investigating how frictions can be used as a design resource to interweave VR technology in mixed-reality performances. This also included investigating the development of friction as a Strong Concept (Höök and Löwgren, 2012).
Conducting a research study to investigate RQ3 required careful research orchestration, first to
find an artist who was interested in joining the potential research project and second to find a
funding body that would cover the costs of the production team. In 2016 I was introduced to
Noah Hellwig, a local independent artist and dance performer who had experience in designing
and performing-mixed-reality performances. This introduction became the starting point of our
collaboration which began with hours and days of discussion around the research and artistic
opportunities of exploring frictions as a design opportunity. The outcome of these discussions
were several funding proposals submitted to different funding agencies that could support such
a cultural and interdisciplinary research project. In April 2018, after receiving a grant from Riksteatern, the project became operational. The grant covered the salary of four artists for three
weeks of participating in the project as well as the technical equipment required for the exploration such as VR devices and motion trackers. The grant also provided access to a theatre venue
in the form of a 3-week residency program in Riksteatern, Stockholm.
Three artists and designers joined this project from the beginning of the residency program. We
carefully chose them based on their skills and experience as well as their interest in exploring VR
in the context of mixed-reality performances. They were Disa Krosness – a choreographer and
a performer, Gabriel Widing – an artist and interaction designer and Leo Låby – a game and VR
designer.
Methodologically this study belongs to a category of performance-led research in the wild (Benford et al., 2013) expanded by self-situated (Taylor et al., 2017) performance research. With respect to the performance-led research in the wild approach, this study takes advantage of the full
capacity of the approach during the research. This means that as a researcher, I explored artists’
practice of creating a performance in a collaborative research project in which they led the artistic
design process, which was informed by the concept of friction. The result of the design process
was several sketches of mixed-reality performances. These sketches were performed in a realistic
setting for a group of participants. Studies of these performances therefore, were used to revisit
the concept in order to ground it vertically (through similar instances).
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(a)

(b)

(c)

Figure 5.10: Performing Research, Situating the self: (a) in the design process, (b) in the interactions with participants, (c) in the performance. Credit: Joacim Gustafson, Riksteatern

With respect to self-situated performance research, I – the researcher/performer – shifted my role
between being a researcher and a performer. Taylor et al. (2017) argue, to be recognized as selfsituated researcher/performer, one does not need to identify as an artist or a performer. Instead,
it is the performative qualities of interactions with the performance, artists, and participants that
help the researcher to take a performative role in different phases of design and exhibition of
a performance (Figure 5.105 ). Drawing on this study, I situated myself in the residency as a researcher/performer in order to work closely with a group of performers and artists. The research
contribution to the project included introducing the concept of friction a design resource, as well
as establishing dialogue within the creative process of designing artworks while being “at the
heart of design”. This also included being part of the orchestrating team on stage and behind the
scenes when required.
In total 9 participants experienced different sketches of mixed-reality performances during the
residency program. These participants were artists in residence or employees of Riksteatern. At
the end of the residency program, Riksteatern asked us to present the research behind the project
and perform one of the sketches of a mixed-reality performance to their invited audience. Given
the exploratory nature of our project, we used this opportunity to perform one of the sketches
in front of this select audience, while two of them could participate and experience the performance.
The main data was collected over the course of 3 weeks. It includes field notes and reflections
on my participation in different design activities, 16+ hours of audio recordings including our everyday discussions during briefing and debriefing meetings as well as our discussions with participants of each performance, and 10+ hours of 360-degree video recordings of everyday design
activities, different steps of sketching and staging performances with and without participants,
and finally the VR outcome of the performance as well as scripts and notes used for the live part
of the mixed-reality performance.

5 All the images presented in this section and the associated paper were taken during the Riksteatern production residency program for dance 2018
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5.4.1.1 Summary of the Research Setting
Setting: Performance-led research in the wild expanded by self-situated performance research.
Period of time: April 2018
Participants: 8 participants (5 women and 3 men) experienced the performance, and a selected
audience of about 40 observed one run.
Empirical material: 3 weeks of on-site observations, field notes of participation as well as design process and its challenges, 16+ minutes audio recordings of team’s everyday discussions
(including briefing and debriefing meetings) as well as brief discussions with participants, and
10+ hours multi-angled video recordings of everyday design activities, all steps of sketching and
staging performances with and without participants.

5.4.2 Findings
During the 3 week residency we sketched and performed several exemplars of mixed-reality performances. The choice to employ sketching as an ideation method was twofold. First to use
its exploratory nature to externalise artists’ ideas of performances, and second to understand
how artists make sense of frictions and how their understanding of the concept becomes realized
within the performance as a whole.

5.4.2.1 Understanding Frictions
As stated earlier I have used sketching as a way to unpack how artists get involved with the design
process and look at this process “as a dialogue than as a set of rigid and transparent processes”
(Fallman, 2003). This helped to illustrate how designing a VR mixed-reality performance can
take place with respect to different types of friction together with technology and performative
elements and how participants of such performances can help the design team to reappraise the
performance or its related interactions. The process of sketching followed 5 different phases of
contextualization and design:
1. Contextualizing different types of friction through examples of existing mixed-reality performances and experiences.
This served as a starting point to identify elements of immersive mixed-reality performances. An example was experiencing immersion through the visual-kinaesthetic experience of riding a swing both physically and virtually, as described in (Tennent et al., 2017).
Artists used frictions as a lens to relate to this experience. They used frictions between
realities to connect the physical swing to the virtual one, and friction between the physical and virtual presence to connect the sensory experience of being and moving on the
physical swing to the visual experience in the VR.
2. Exploring different frictions through sketching physical interactions.
At this stage, artists led the exploration on designing interactions with physical space,
props or people (Figure 5.11). The overall interest of this activity was to sketch different
opportunities of interaction and further explore how non-digital qualities of experience
such as tangible and sensory interactions, could relate to frictions or mixed-reality experiences.
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(a) mediated touch and guide

(b) manipulating the sense of gravity

Figure 5.11: Sketching Physical Interactions

(a) mediated touch and guide in and outside of VR

(b) manipulating the sense of gravity
in and outside of VR

Figure 5.12: Recreating Physical Interactions in VR

3. Sketching different types of interaction in and outside of VR, with respect to physical and
virtual objects, and frictions.
This included sketching with VR technology to recreate non-digital interactions explored
in previous step, and to explore what type of frictions (if any) could be used by artists to
recreate, for example, sensory stimulation in VR (Figure 5.12). Here, artists could relate to
two types of frictions as they sketched exemplars of immersive sensory interactions with
technology. Friction between realities was understood by the artists as the relation between the two realities – physical and virtual – that one could experience in an immersive
environment. And friction between physical and virtual presence was used to connect
these two realities through being present in them and interacting with physical and virtual
objects. This resulted in sketching six types of interactions:
• Interactions with a recreated physical object in VR; e.g. a physical chair mapped (size
and location) to a chair in VR. (Figure 5.13b)
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(a) Interactions with a phantom ball in the physical world

(b) Interactions with a recreated physical chair in VR
Figure 5.13: Interacting with physical and virtual objects.
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Figure 5.14: Exploring a sketch of a performance and the different types of interactions it provides with participants
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• Interactions with a physical object mapped to a completely different object in VR; e.g.
a physical plant mapped to an animal in VR.
• Interactions with a phantom object in VR; e.g. a physical table without an equivalent
in VR.
• Interactions with a phantom object in the physical world; e.g. a virtual ball without
an equivalent in the physical world. (Figure 5.13b)
• Interactions with an enhanced physical object in VR; e.g. a pair of glasses in the physical world mapped to a pair of glasses attached to a book in VR.
• Interactions with an enhanced VR object in the physical world; e.g. a pair of glasses
in VR mapped to a pair of physical glasses glued to a physical book.
4. Exploring different sketches of mixed-reality performances through the inclusion of narratives and temporal friction.
The central goal of this phase of sketching for artists was to bring narratives, story and
meaning to those designed interactions. This was done through creating a story world and
through connecting different parts of that world to participants’ experience with respect
to temporal friction. Two mixed-reality performances were sketched. The six interactions
mentioned above, are used in each sketch as part of the story and in interactions within
the performance. Both performances used frictions between realities as well as virtual and
physical presence. In terms of temporal friction, artists used the time-line within the performance to engage with this friction within their design, and found it hard to move beyond
that.
5. Exploring participants’ experience of different sketches of mixed-reality performances with
respect to employed frictions and their experience of immersion.
The aim of this stage of design was to review the design within a live performance and inform the design through participants’ experiences of the work (Figure 5.14 & 5.15). This
helped artists to have a holistic reflection on designing with friction, and revise and improve the design. The detailed description of one of these sketches, The Judgmental Storyteller, is documented in Paper V. This paper also presents the experience of this sketch
with respect to the participants and the live audience.

5.4.2.2 Appropriating Temporal Friction
Another main finding of this case study relates to applicability of temporal friction in mixedreality performances. While advances in VR and can help artists to better adapt friction between realities and presence in their performance, incorporating them with temporal friction
relied mainly on how artists interpret this friction in relation to their narratives. This raised questions about temporal friction and its relation to the performance: Does the narrative of temporal
friction (as described in Paper IV) have to happen before the performance time-line? Or can
it happen within the performance like a motif to remind the participant about the events that
took place previously within the performance? These differences, suggested two different types
of temporal friction: retrospective temporal friction and anticipatory temporal friction. In this
respect, retrospective temporal friction makes use of narrativization of previous events beyond
the performance (such as the one described in Paper IV), whereas anticipatory temporal friction uses future events within the performance. Positioning this temporal friction into the future
encompasses the idea of anticipatory temporal friction that primes the participant (e.g. using
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(a) Exploring The Judgmental Storyteller with participants

(b) Exploring The Judgmental Storyteller with participants and infront of the audience
Figure 5.15: Exploring a sketch of The Judgmental Storyteller, its interactions and narratives with participants.
Credit: Joacim Gustafson/Riksteatern

motifs) within the performance to expect something to happen. This anticipatory temporal friction, therefore, can be seen between the time that an event is expected to happen and the time
that is happening now.
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While interactive performance has made inroads into HCI and design research, such as works
presented by (Benford and Giannachi, 2011; Reeves et al., 2005; Williamson and Hansen, 2012),
there still exist opportunities for investigating interactions and artistic expressions available
through novel interactive technologies. In an effort to address opportunities and challenges
of interweaving emerging interactive technologies with performances, this thesis investigated
the design of interactive performances with respect to artists’ use of technology and audiences’
experience of such performances. The first half of this chapter presents contributions and
summarizes findings in relation to each research question. The second half shares some lessens
learned from my research process and the challenges encountered along the way in relation to
designing and experiencing interactive performances. Finally, I propose future opportunities for
research on interactive performances.

6.1 Core Contributions
Three research questions motivated this thesis and were aimed at different aspects of studying
interactive performances. With the rise in the use of emergent new technologies comes a need to
investigate how these technologies are being used by different people in their creative practices
(e.g. Fdili Alaoui, 2019) or everyday life (e.g. Brown et al., 2014). In this thesis, I have studied interactive performances that make use of an emerging interactive technology. These studies were
aimed at understanding how artists can push the boundaries of designing and performing artistic works through interactive technologies, and how such artistic works affect the experience of
performance for the audience members. This also included conceptualisation of the audience’s
experience of mixed-reality performances, as well as investigating the development of this concept as as a Strong Concept.

6.1.1 Interweaving Technology into Interactive Performances (RQ1)
The first research question focused on interactive performances and how novel and emerging
interactive technologies can be interwoven into these performances. As mentioned in the Introduction, RQ1 had three main objectives: (i) to explore the design opportunities provided by
interactive technology in combination with performing arts in designing different types of interactive performances, (ii) to understand how artists experience the inclusion of technology in
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their artistic practices, and (iii) to understand how audience members interact with technology
and performers in the context of a performance.
Four different types of interactive performances and technologies have been studied to address
these objectives. The first study, §5.1: ‘Storming Ideas, was centred around the use of bio-sensors
and bodily tracking technologies in different scenarios of interactive performances. The second
study, §5.2: Sensus, was focused on the use of a smart instrument and how artists envisage its
use in their practice of performing and producing music. The third study, §5.3: Strange Days,
was focused on audience’s experience of an interactive performance with VR. Finally, the fourth
and last study, §5.4: Designing with Frictions, was focused on how artists understand and appropriate an HCI concept in designing several sketches of interactive performances with VR. These
studies provided an opportunity to investigate this research question with different foci and research interests. These covered different types of technology and artistic works as well as different
opportunities of interactions they can provide in the context of interactive performances. Additionally, as each case study required a different research setting and methods of data collection,
they provided different perspectives on the topic of the research question.
The research contributions related to RQ1 can be grouped into three key contributions of knowledge generated through interweaving interactive technologies: through ideation (§5.1), through
studies of practices and expertise (§5.2 & §5.3), and through design activities (§5.4). In what follows, a summary of each level of contribution made by this research is given.

6.1.1.1 Interweaving through Ideation
The first contribution towards investigation of RQ1 is the knowledge generated through understanding how interactive technologies can be interwoven into performances through ideation
workshops and activities. Throughout a day long workshop, an understanding of the use of biosensors in interactive performances with the intention of aiding participants in their experience
was developed §5.1. This study used bodystorming as an embodied ideation method (Paper II)
and presented a set of design ideas and scenarios of interactive performances (Paper I), motivated and guided by artists and experts in the field of performing arts. Through analysis of these
scenarios, I have argued how bio-sensors (e.g. galvanic skin response) could create different and
new opportunities of participation for the audience members, without requiring explicit action
pn this part. This also included a discussion on participant’s control over their input to the performance, and how it can be reduced (or removed) by artists through designing subtle scenarios
of interaction that do not demand the participants’ agency (e.g. to choose how and when to interact). On one hand, the ideation workshop encouraged the design and development of interactive
performances that do not require the audiences’ visible bodily inputs to the performance, to explore and expose the norms and practices of sensors that are so quickly making their way into a
range of consumer devices. On the other hand, it provided opportunities to understand concerns
around the agency of the audience member and the control they can have over their bio-data as
input to the performance. There were two key factors in the ideation workshops that shaped this
contribution; collaboration with artists during both brain and bodystorming workshops, and the
role of novel interactive technologies in designing scenarios of interactive performances.
The first key factor was the collaborative nature of the workshops that greatly relied on input
from artists and experts in the field of performing arts. Their participation and active involvement in the ideation process, in both brainstorming and bodystorming (Márquez Segura et al.,
2016a) workshops, were a key to provide context and deepen our understanding of the field as
well as the design opportunities at hand. The ideation workshops therefore, helped to put their
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experience at the core of design. In the case of the Move:ie workshop, on one hand the collaboration with artists provided an opportunity for the participants to become familiar with the context
(Oulasvirta et al., 2003) of design (e.g. interactive performance in relation to a movie for kids)
without the significant time investment that is usually required to understand such a complex
design topic. On the other had, the use of bodystorming as an ideation method helped to put
the focus on activity-centred ideation that made use of participants’ physical movement and the
physical and spatial context as a resource rather than a technology-driven approach that would
have been focused on the development of the technology (Márquez Segura et al., 2016b). Employing such an approach, also helped to use the artists’ performative skills and knowledge in
the design process to envision, choreograph, and enact several scenarios of interactions with
respect to the context of design. In this respect, although these ideation workshops shared similarities with experience prototyping (Buchenau and Suri, 2000) it went beyond understanding
existing ‘user experiences’ to using artists knowledge and skills in the design process. This can be
seen in different research activities involved in both workshops, from early interviews of dancers,
to employing bodystorming and working with theatre performers, directors or dance performs
in designing scenarios in relation to essential factors (e.g. movie for kids, audience participation,
interactive storytelling) that ‘they’ find relevant to their practice. Such a collaboration with artists
therefore, were seen as a way to design meaningful and holistic scenarios of artistic experiences
rather than abstract design ideas.
The second key factor was the fact that these envisioned scenarios of interactive performances
were built around novel sensor-based technologies. A number of artistic productions (e.g. Bilal,
2005; Örtman, 2011) and research studies (e.g Rossitto et al., 2017; Tennent et al., 2012) constitute a body of work centred around the use of different types of interactive technologies in performances. The intention to use sensor-based technologies as an input to the ideation process
was to expand on these works, from the perspective of both research and artistic scenarios. Such
technologies were chosen due to their availability, and their relative lack of use in the context of
interactive performances. Additionally, the novelty of such technologies would provoke insights
and inspire ideas beyond the technologies use in commercial products, and for artistic expressions.
The result of this study can be seen as knowledge generated through ideation workshops, by using brain and bodystorming methods in technology-supported (Márquez Segura et al., 2016a,b)
ideation activities. With this I emphasis the use of novel technologies as just one of the resources
in the ideation process. The other resources include the context (e.g. performances) that was
understood by taking advantage of artists’ input and their performative skills and expertise in
designing and enacting scenarios of interactions. In this respect, the design scenarios and ideas
of these workshops were not only tools to externalize (Fallman, 2003) artists’ and designers’ reflection on the use of technology in the context of performance, they also illustrated different
possibilities of involving audience members in the performance to interact within those performances.

6.1.1.2 Interweaving through Studies of Technology in Use
The second contribution towards the investigation of RQ1 is the knowledge generated through
understanding how interactive technologies can be interwoven into performances through studies of its use. By this I refer to studies of artistic practices around the use of technology in artistic
productions, particularly in relation to interactive and mixed-reality performances. This contribution is achieved through an empirical account of two studies described in §5.2 and §5.3.
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6.1.1.2.1 Sensus: The study of musicians’ encounters and interactions with the smart guitar
unpacked opportunities and challenges of interweaving such an in instrument with their practice. This contribution comprises of a set of themes that offer insights into how the smart qualities of the instrument was understood and described by musicians. For instance, the agency of
the guitar (creating sound as a result of certain body movements) was discussed by the musicians as its affordance and its potential to be used to create and perform new forms of artistic
expression. Additionally, this agency was discussed by the musicians as disruptive, particularly
in relation to control over the guitar as it required them to expand their skills to control and understand what the guitar could do. In line with Tholander et al. (2012)’s findings, here agency was
not understood as “a fixed property embedded in the object”, rather it was seen as possibilities of
interaction between the instrument and musician.
One of the key arguments around this contribution arose from understanding of how smartness
(of the guitar) should be understood through meaning making achieved by using the artefact in
practice (Fernaeus et al., 2012). Such a view, therefore, does not rely on the smartness of the guitar, rather it highlights the importance of practice, the expertise of the musicians and how such an
artefact can be understood within their artistic practice. Additionally, this study argues how artistic practices, such as musicians’ long learned skills and expertise, should be taken into account
while designing interactive systems and instruments to be used for this group. For example, on
one hand adding smart functionalities to a guitar such as those seen in Sensus could increase the
affordance of the guitar (adding extra sound effects). On the other hand it would also risk making
the instrument “unreliable” for the musicians if they could not control it over the course of a live
performance.
Here it should be noted that the result of this study can be seen as knowledge generated through
studies of technology in use, as well as ideation activities. The juxtaposition of these two angles of
contribution is motivated by the method of investigation and the way this study was approached.
As described in §5, the study of the smart guitar was based on interviews of musicians after a brief
exploration of the guitar and its different functionalities. While such an approach can be seen as
an ideation process – professional musicians’ imagination of the use of the guitar in their practice
– it should also be seen as understanding real “users”’ expertise and interactions in relation to
the instrument. The knowledge of these professional musicians in this domain is central to their
understanding of the practice of performing, and their reflection on the use of the smart guitar
in such artistic practices. This depth of domain knowledge was available to be drawn upon even
in the limited time of the trial. Such a distinctive articulation reflects on the importance of such
an empirical study on three levels; First it provided a first hand opportunity to study an early
prototype of a smart instrument before being released to understand the challenges experienced
by those for whom the technology was designed for. Second, to gain knowledge and insights
on what happens when such an interactive instrument “meets” the practices it is supposed to
support (Brown et al., 2011). And third, how these practitioners would envisage the use of the
instrument in their current and future music practices.

6.1.1.2.2 Strange Days: The second contribution under studies of practices and expertise
builds on an empirical account of a mixed-reality performance with the goal to understand how
audience members experience different types of interaction with both technology and performers in the context of the performance. This account presents a set of themes that offer insight
into an existing interactive performance with VR as an example of the practice being studied in
the wild. The choice to study a mixed-reality performance and the technology in use was mainly
influenced by the global interest in the use of VR technologies. In this respect the opportunity to
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study an interactive performance with VR was seen as a unique opportunity to not only study the
practice in the wild, but to investigate different modalities of interaction (e.g. audience participation) within a different form of artistic practice.
One of the key contributions from studying this practice was how the sense of immersion can be
created by artists outside the virtual environment using different elements of the performance.
Rather than putting the VR at the centre of the experience, the audience’s involvement with the
performers and fictive world of the performance were used by artists to support the audience’s
sense of immersion within the performance as a meaningful experience. The data collected
from observations of the performance, together with interviews collected from audience members and artists, provided insights on how audience members could relate (or not) to the sense
of immersion through different stages of the experience. Furthermore, the study developed an
understanding of the role of the artists and live performers in designing the story-world of the
performance in such a way that it provides a meaningful experience for the audience.
The study of this practice highlighted how artists create a sense of presence and immersion
within the performance through different interactive and performative strategies of connecting
audience’s physical and sensorial experience of the performance to what they see and experience
in VR. The study of this practice provided a detailed insight into live mixed-reality performances.
It also inspired the notion of friction as a Strong Concept (Höök and Löwgren, 2012) to better
understand how artists create a physically and emotionally immersive experience for their audience, and how audience members experience that immersion and sense of presence beyond the
VR technology.
One last remark to make about knowledge contribution through studies of technology in use
concerns the value of studying artistic productions and practices. The underlying cultural and
artistic values in the presented works, as well as practitioners’ (performers and musicians) long
term acquired skills, should be seen as resources for understanding the use of technology within
that artistic practice. Such a perspective can inform a research approach towards a wider understanding of the introduction of new interactive technologies for use in artworks (such as Sensus) as well as challenges and opportunities a technology could provide in a particular artistic
endeavour (such as VR for performances). The knowledge gained through applying this perspective, therefore, comes from understanding how these technologies are interwoven in the artistic
practice rather that looking at isolated interaction opportunities that an interactive technology
can provide.

6.1.1.3 Interweaving through Design
The third and final contribution towards the investigation of RQ1 is the knowledge generated
through the design process of interactive performances. Previous contributions (see above) were
centred around potential opportunities and undeveloped scenarios of interweaving technology
into performances or their studies. In contrast the contribution presented here builds on actualised scenarios, designed by artists. Studying the design process of scenarios of interactive performances provided an in-depth contribution of knowledge generated through design activities
that included; iterative processes of ideation and sketching, designing and performing interactive performances in the wild, as well as studies of those designed performances. This contribution is achieved through investigating one case study (§5.4: Designing with Frictions) through a
design-oriented research approach expanded by performance-led research in the wild.
Such an approach required a tight collaboration and coordination with artists in different stages
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of employing research methods and activities. The first research approach, RtD, was used to investigate how artists envision the incorporation of virtual technology into their artistic scenarios
and ideas with respect to the concept of friction, and what ideation methods and techniques are
used by the artists during the design process. The second approach, performance-led research
in the wild, was used to study the designed scenarios and performances in order to reflect on the
experience of the performance from the audience’s perspective. Such an in depth investigation
resulted in a contribution that not only stems from knowledge generated though ideation, studies
of practice and design process it also emerged through the process of analysing artistic aspects
of the design and its influence on reshaping the concept of friction. The use and reshaping the
concept of friction is described in §6.1.3, relating to RQ3.
As documented in previous chapters, HCI research has visited artistic productions from different
research perspectives. Yet, there are fewer studies (e.g. Benford et al., 2018; Eriksson et al., 2019;
Fdili Alaoui, 2019) reflecting on the process of designing interactive performances. With this
respect one case study (§5.4) particularly reports on the iterative process of sketching mixedreality performance as well as artists’ appropriation of the technology and the concept of friction.
This reflects on the creative work of design, including the design of different scenarios that could
connect the sensory experience of being in the physical world to the experience of virtual world.
One important contribution of this study was the outcome of designing several concrete scenarios of interactions with physical and virtual objects and interactions that were sketched by artists.
Sketching these scenarios was seen as an important activity for artists not only in helping them to
envision different uses of virtual technology in practice, but it also helped them to demonstrate
how they interpreted the concept of friction. Such an approach helped artists to communicate
with me, the researcher, beyond theoretical and academic formulations using their performative
and artistic skills. Reflecting on the importance of practice, it is important to stress that this study
should be seen as an artist-led research project that revolved around engaging with the practice
through design.
Sketching (Buxton, 2007) as a core design method was mainly used by artists to explore and experience different element of a mixed-reality performance such as VR technology, participants,
props and space. Consequently, while there was a strong interest in designing a final production, the goal remained on the exploration aspect of the project. In this respect, this contribution
presents an empirical account of how friction can be used as a design resource through presenting different challenges and opportunities that artists encountered during the design process.

6.1.2 Conceptualizing Audience’s Interactions in Mixed-Reality Performances
(RQ2)
The second question focused on interactive performances and conceptualising the audience’s
interaction in a live mixed-reality performance. One study, (§5.3: Strange Days) was used to
investigate audiences’ experience within a live mixed-reality performance that makes use of 360degree video. The accounts that resulted from this study proposed the concept of friction as an
analytical lens to unfold how audience members experience the sense of presence and immersion throughout a mixed-reality performance and how artists can enhance audience’s immersion
through different ways of connecting them, physically and emotionally, to the experience of the
performance.
In Paper IV I examined the audience’s experience of a mixed-reality performance, finding that
their sense of immersion and engagement with the VR part of the performance was mostly
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shaped from their interactions with other audience members and performers during the non-VR
part of the performance, and their emotional engagement with the story being told in the
performance. The concept of friction emerged from understanding audience’s interactions in
the performance with performers, technology, different elements of the performance and other
audience members, lead to an understanding of how their interactions and participations in the
performance could enable their experience of immersion.
The core idea behind friction is that the audience’s sense of immersion and presence can be created throughout the whole performance rather than relying on the immersive qualities of the
technology. Frictions therefore, differ from trajectories (Benford and Giannachi, 2008) that look
at audience journeys or seamful design that reflects on interactional use of technological gaps
and infrastructural problems (Chalmers, 2003). Frictions can be seen as the interplay between
audience’s transition from the physical to virtual world of the performance and consequently
their presence in each world, between the realities they experience and through their active participation in the (creation of the) performance.
As stated earlier, the lack of interactivity in those VR performances that use 360-degree video, particularly in terms of interaction and the effect audience can have on the performance, requires
no explicit audience agency. The sense of immersion and presence in the experience of 360degree video, therefore, rely mainly on the senses of vision and hearing. Previous studies relate
an individual’s sense of presence and immersion to the sense of agency, and availability of interactivity in a consistent environment (Murray, 1997). With this study and through the concept of
friction, I argue the lack of interactivity in such mixed-reality performances can be compensated
for through the performer’s physical interaction with the participant in VR or the participant’s
sensory experience of physical and virtual worlds, as well as the experience of the performance
and its story-world as a whole.
This study outlined three different types of frictions; Temporal friction which draws on the audience’s emotional and active participation in various temporal dimensions of the performance.
This friction can be used by performers to prime audience members, and create a dialogical relationship between the audience and performance in relation to their past experiences. Friction
between realities draws on the audience’s experience of the actual reality and the fictive reality
that the performance is played out in. This can involve both physical and virtual aspects of the
performance. This friction can be used by artists to connect multiple worlds of the performance,
in order to create immersion in the performance as a whole. And finally, Friction between the
physical and virtual presence draws on the audience’s sense of being in both the physical and
virtual dimensions of the performance.
Through conceptualising audience’s interaction in an example of a mixed-reality performance,
I have argued how audience’s sense of immersion does not remain isolated in the experience
of the technology or their (full) willingness to suspend their disbelief. Rather, it emerges from
their experience of different types of frictions through their participation in the live experience
of the performance. These frictions are designed and enacted by the artists to enable audience’s
emotional engagement with the story-world of the performance, their transition toward active
participation in the performance, enable their sense of presence in the physical and virtual world,
and their interaction with physical objects and live performers while being in VR.
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6.1.3 Utilizing the Concept (RQ3)
The last research question focused on mixed-reality performances and how the concept of friction can be used as a design resource to interweave VR with performances. A design study, (§5.4:
Designing with Frictions) was used to investigate this question, as apart of a collaborative artistic project. Beyond specific research outcomes, this study has reported on how artists use and
translate the concept of frictions in their creative process of designing interactive performances,
a concept that had itself emerged from studies of interactive performances.
As previously discussed, using VR technology in a mixed-reality performance does not promise
a complete sense of immersion. The lack of ‘sense of belief’ that emerges from narratives and
story-line to take the participant’s attention with a “consistency of imagination” (Murray, 1997)
can break the experience of immersion for the participant. This particularly can become a significant challenge when the sensory interaction is misaligned (Marshall et al., 2019). In relation to
this, in (§5.4) I presented how the concept of friction was used by artists to sketch mixed-reality
performances, and to design meaningful and believable interactions for participants with a welldefined narrative. This included connecting the physical world of the performance to the virtual
one through interacting with different virtual and physical objects, and utilising different types
of friction.
One way to use friction as a design resource, as it was used by the artists presented in this thesis,
is to create a collection of exemplary interactions which encompassed the artists understanding and contextualisation of different types of friction, interactions, technology, and their artistic goals and interest. These collections are then used as a base on which to sketch and design
mixed-reality performances. The collection of exemplars of interactions introduced in §5.4 and
Paper V illustrate artists’ exploration of frictions between realities and frictions between physical and virtual presence. The use of interactive VR instead of 360-degree video helped artists
to explore different scenarios of interaction, moving beyond simply changing vision or point
of view and providing sense of agency for the participant. These examples of interactions provided several opportunities of sensory interaction for the participants, some aligning the visualkinaesthetic senses of the participant and some designed deliberately to be misaligned. In creating these exemplars the artists drew upon examples of existing mixed-reality performance, popular fiction and video games. This iterative process included a dialogue between the artists and
the researchers developing their understanding of the concept and designing technology-driven
and bodystormed low-fi sketches of interactions.
This collection was then used as a base when developing narratives and interactions which resulted in the performances presented in Paper V. Using this case study, I also presented how
artists used exemplaries in combination with narratives to create the sense of immersion (and
sense of illusion). From an artistic perspective, this was done to explore and create the sense
of immersion and presence beyond the experience of VR technology, but within the experience
of the performance as a whole. The iterative process of sketching and experiencing these performances helped to refine our (the artists and my own) shared understanding of the concept
and the exemplars themselves. This process included iterations with participants through which
interactions were refined but so was our understanding of how the sense of immersion and presence was experienced by the participants in relation to the ongoing narrative. This included
artists’ appropriation of temporal friction to help participants to makes sense of interactions in
the performance as events unfold in the story-line of the performance. One significant outcome
of the use of the concept by artists was this appropriation of temporal friction which I have reframed as retrospective temporal friction and anticipatory temporal friction.
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This is a concrete example of one way in which artists can use the concept of friction as a design
resource to interweave technology together with narratives to create mixed-reality performances.
Of note is the creativity of the artists in using frictions as a design resource to bridge gaps in the
maintenance of the sense of immersion despite issues such as misaligned interactions (Marshall
et al., 2019) or the limitations of the VR technology.

6.2 Reflecting on Friction as an Intermediate-level Knowledge
As mentioned earlier, one core interest in design-oriented research is the production of knowledge. Within the field of HCI this knowledge can be achieved from different activities such as
design methods (e.g. Márquez Segura et al., 2016b) or methods of collecting data to understand
participants’ interaction with technology (e.g. McMillan et al., 2015) or it can emerge from theories, concepts and frameworks (e.g. Benford and Giannachi, 2011; Höök and Löwgren, 2012).
It is important to recognize that one significant contributions of this thesis is the knowledge that
emerged from investigating a mixed-reality performance and framed as a Strong Concept (Höök
and Löwgren, 2012). While in §5.1: ‘Storming Ideas and §5.2: Sensus the knowledge is gained
through a design thinking process (e.g. ideation, interacting with prototypes, brainstorming),
§5.3: Strange Days and §5.4: Designing with Frictions contribute to this discourse by presenting the process of constructing an intermediate level knowledge in the form of a Strong Concept. Such a design knowledge does not necessarily emerge from prototypes, objects or scenarios. Rather, it puts the focus on the theoretical advancements of a design to construct a concept
of design (Stolterman, 2008) “beyond particular instances...to be appropriated by designers and
researchers to extend their repertoires and enable new particulars instantiations” (Höök and Löwgren, 2012).
The case studies related to the concept of friction presented in this thesis contribute not only by
demonstrating how a mixed-reality performance can be experienced or designed, they also serve
as the scaffolding to construct and develop the concept as a design knowledge through a series
of design-oriented research activities.
In this respect the case studies presented in §5.3 and §5.4 were used to ground the concept vertically and horizontally. This conceptualisation constituted of: (1) identifying a particular instance
of design to “respond to a particular existing use situation” (Höök and Löwgren, 2012). In this
case a live mixed-reality performance that makes use of a 360-degree video and audience’s participation in the performance was used as a particular instance to understand how audience’s
sense of immersion is enabled within the performance. (2) Identifying and relating to similar
concepts to better understand applicability of friction. In this case, trajectories framework (Benford and Giannachi, 2011; Koleva et al., 2001) was used to relate to the audience journeys through
the performance, as a step towards horizontally grounding the concept of friction. (3) Investigating whether the concept of friction is present and applicable in other instances of design. In
this case, the collaborative work with Noah Hellwig (§5.4) was used to instantiate the concept in
different design examples, using a more interactive VR than 360-degree video. Finally (4) data
collected from the design activities were used to analyse and validate the concept. In this case,
the appropriation of the concept by artists and the design process were used to inform and validate the concept. One of the outcome of this was reconfiguring temporal friction through artists’
use of this type friction.
In summary, the grounding of friction as a Strong Concept required a particular attention on a
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specific instance of design (Höök and Löwgren, 2012) – interactive performances with 360 degree
video – to discuss the interaction as experienced by audience members within the performance
(§5.3). The empirical grounding of the concept was done by putting the concept into practice to
design several ideas of interactive performances with VR beyond the 360 degree video to a more
“interactive VR” (§5.4).

6.3 Researcher Roles and Responsibilities
As mentioned earlier, the four case studies presented provided different opportunities of investigation in terms of research focus, type of performance, and technology. Each study also provided
an opportunity for me to take different roles and responsibilities, with respect to research requirements and methods. These roles varied from being an HCI researcher tasked with brining methods and concepts to the work, a researcher who observers artistic work to collect and analyse
data for academic research, a co-designer who helps the design team (mainly artists) in designing a scenario or artefact, and finally an outsider who requests extra explantation from artists on
their vision or choice of artistic expression. Each of these roles required different types of agreements to be negotiated with the practitioners with whom I was collaborating. This discussion felt
important as it highlights the challenges of conducting interdisciplinary research which is positioned between HCI research and artistic and cultural experiences. In what follows I reflect on
some of these responsibilities with key challenges and opportunities associated with them.

6.3.1 Positioning the Researcher
In the case of studying Sensus (§5.2) we were offered the opportunity to join the design team of
the smart guitar in their study of participants’ interactions with the guitar. Such a collaboration
should be seen as an example of a research opportunity between academia and the creative industries, providing an opportunity to perform research “closer” to the wild (if not in the wild).
Such an opportunity however can come with the cost of researcher control and the researcher’s
agency in relation to, for example, research setting, agenda, and participants. In comparison to
the work done in §5.4 where I was involved from conceptualisation to end, the choice of participants was under the control of the design team and the only addition to data collection we were
able to negotiate was short interviews with each participant after their participation in the trial
session. In this case study although my role as a researcher was not integrated in the design process, it allowed me to observe the trial sessions to understand and analyse musician’s reflection
of the smart guitar as an outsider.
Another similar case is the study of Strange Days (§5.3) in which, considering the live performance, I collected observational data from the vantage point of an observer. Unlike the case of
Sensus, the method was not an imposed decision, rather it was negotiated with the artists and
I intentionally decided to be an outside observer for two reasons. First, to not cause distraction
for the live audience, and second, to keep the integrity of the performance untouched to study
the performance in the wild. This provided an opportunity to the study both the artwork and
audience members in a realistic setting.
In both case studies additional interviews with participants and audience members helped to
better understand interactions observed during the data collection sessions. Additionally, interviewing artists of the mixed-reality performance helped to better understand the artistic motivation and rationale behind the performance as well as its interactive elements.
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As pointed out by Vines et al. (2013), it is often the researcher who initiates the collaboration and
it is often them who benefits from participation of those involved in a collaborative project. This
requires negotiation on who benefits from these collaborations. One key challenge in relation
to the second case study concerns this initiation, particularly in terms of access to the participants’ pool and the freedom to recruit participants beyond what the design team had arranged
for. Acknowledging the design team’s (Mind Music Lab) recruitment criteria and limitations (e.g.
being a professional guitar player) I should as well address the lack of diversity that came with
this study. While I trust skills and expertise of our collaborators at Mind Music Lab in recruiting
participants, unfortunately we were not consulted concerning who should participate or how
diverse and open the recruitment call should be. This resulted in having a group of male professional guitar players, mainly active in the same few musical styles.
Such a limitation comes as a natural element in collaborative projects, as we do not always have
control over the process of design or decisions on who should get involved with the work. However, in line with Vines et al. (2013)’s argument on sharing control, agency and research agenda
I emphasis on the importance of re-configuring collaboration by negotiating the position of HCI
researcher in such collaborative projects to move beyond being an observer, particularly if the
study does not demand such a requirement.

6.3.2 Collaboration and Participation
Performance-led research puts emphasis on practice being led by artists and followed by the HCI
researcher (Benford et al., 2013). This requires collaboration between artist and HCI research on
a common ground. Establishing such a common ground however, is not always easy. It requires
access to several and differing resources, including artist who are interested in such a collaboration, technical equipment and devices, financial support, as well as knowledge and expertise (e.g.
methods of data collection) for all involved partners. Such requirements are not only necessary
to the research scope, they can become a challenge to the performance-led research in the wild
approach. Take for example the case study presented in §5.4, which is a collaborative work with
Noah Hellwig. In order to establish such a mutually beneficial collaboration, we (Noah and I) had
to find not only a common ground between the two of us – understanding and sometimes translating our research and artistic interests – we also had to raise funds (to cover artists’ salary and
the cost of production), find an appropriate working environment, the required technology (e.g.
VR devices and related equipment), and finally bring the right experts with the required diverse
experiences to the team. Lack of any of these resources would have hindered the collaboration
and the research outcomes.
On the other hand, in order to fulfil the potential of the performance-led research in the wild
approach, such a collaboration requires different levels of participation from different involved
parties in different stages of the research. This can also create a challenge particularly because
the production of artistic work and academic research do not move forward at the same pace.
Academic research can be a slow process, for example from planning the research requirements
and scope, data analysis to publication of the results. Whereas, the production of the artwork can
sometime start and end within a month. This can cause delays in collaborations, particularly if
artists are not available to participate within the research timeline or they are scheduled to take
part in another production while research requires follow-up sessions to validate findings.
Finally, it should be mentioned that another challenge to the collaboration is novelty, in this case
novelty of interactions and technology in artistic productions. While there are many artistic productions providing novel cultural and artistic experiences, they may not provide novel research
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opportunities for a specific field of research or vice versa. This particularly became an issue to
my research trajectory, as having access to artists and artistic productions that share the same
concerns around the interest of this thesis, became a challenge.

6.4 Impacts and Outcomes
Beyond specific research outcomes themselves, one study included in this thesis (§5.4) has made
a significant impact by expanding the research outcomes and contribution to the wild. As stated
in previous chapters, the research motivation of investigating RQ3 was to explore the design opportunities of operationalising the concept of friction as a design resource. This study was carried
out as part of a 3 weeks of collaboration with an artist and performer, Noah Hellwig. At the time
of conducting the research, we designed several sketches of mixed-reality performances with respect to the concept of friction. From a research point of view the design activities of the research
finished at the end of the residency program, due to some of the limitations mentioned above.
The outcome of the investigation were documented and the next steps were planned to analyse
and present the data in a form of a publication (Paper V). Although the artists wished to continue
working on the design ideas, to finalise the work and prepare a performance for a professional
stage, the lack of financial support to cover the costs of future developments became an obstacle. Consequently the artistic activities were paused while the research continued its trajectory.
A year after our collaboration and at the time of finalising this thesis I was informed that artists
had raised extra funding to finalise the mixed-reality performance in order to perform it on a
professional stage. The previous sketches were revisited by the artists1 and different elements
of the performance were improved. While the core concept and idea remained untouched (e.g.
the types of interactions) other elements of the performance (e.g. scenery, part of the narratives, audio-visual) were tailored with respect to the outcomes of the previous design activities
and inputs from those who experienced the early versions of sketches. The final production is a
professional and commercial performance called “Frictional Realities”. The performance ran for
three days during December 2019 in the Weld2 residency and performance venue in Stockholm,
Sweden (Figure 6.1).
Frictional Realities is designed to be experienced by two participants at a time in a collaborative scenario lasting 30 minutes, and required them to interact with live performers, each other,
and physical and virtual space and objects. Frictional Realities was performed successfully 22
times for 44 participants who purchased tickets and both local and international tours are being
planned.
Vines et al. (2013) have previously discussed different degrees of engagement within a participatory design process. Their discussions draws on a series of participatory projects, such as
interactive installations and games, to argue how control is shared between researchers and participants. In an attempt to address the challenges of participation, they suggest a series of considerations to provide “a greater reflection on how we [HCI researchers and designers] involve
people in design processes”. To name a few, Vines et al. (2013) calls for designers to provide a
greater opportunity for their user to define and re-define the design process. As documented
in this thesis, such a view has been a great concern throughout my research from studying musician’s interactions with and understanding of the smart guitar to ideation workshops where
participants (artists and performers) led the process of ideation, identifying core problems and
1 I did not take part in the final design activities due to time constraints in finalising this thesis
2 http://www.weld.se
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Figure 6.1: Frictional Realities
Credit: Noah Hellwig
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suggesting solutions to these problems. This can also be seen during the residency program as
artists led the design and artistic process while I carried the research responsibility of the project
including conceptualisation of the work, documentation, as well as dealing with the ethical concerns and challenges of the collaboration.
With this respect, while my research certainly has benefited from collaborating with this group
of artists, artists have also received opportunities to benefit from this collaboration. The artistic
outcome of this project, the Frictional Realities performance, can be seen as a successful result
of this mutually-beneficial collaboration. Respectively, the work presented in relation to 5.4 can
be taken as an example of collaboration working towards the production and transfer of design
knowledge from one field to a practice and vice versa.

6.5 Ethical Implications
As described previously in Chapter 4, the research presented was carried out with due ethical care
in terms of data collection, documentation and presentation of research. However, a few case
studies raise multiple questions and concerns, particularly in terms of participants’ involvement
and their control over their experience during a performance. This discussion should therefore
be seen as a reflection on the work presented in this thesis, rather than the development of a
set of ethical guidelines based on practical research. While acknowledging the importance of
an in depth empirical research on such ethical concerns are necessary, I discuss some of these
concerns in relation to my research and as a starting points for future research in this area.

6.5.1 Ethics of participation
Research ethics has always been a concern for HCI, and other domains in which humans are
a subject of analysis. In relation to ethics and HCI research Brown et al. (2016) have recently
challenged the ethical foundation of design-led research. They argue these “taken for granted
foundations” should be revisited and renegotiated particularly in light of new domains of studies, new tools of data collection and research controversies around data and privacy. In the same
vein Waern (2016) and Benford et al. (2015a) have discussed ethical considerations of studying
cultural and artistic experiences within HCI, particularly those conducted in the wild and in public spaces. These studies – whether they discuss at a general level about HCI research, or public
installations and performances – are examples of research focused on, for example, implicit consent understood from active participation in certain situations (Waern, 2016).
In (§5.1) and Paper I, I presented scenarios of interactive performances that make use of participant’s bio data as a source of input to reflect on the performance. These scenarios were used to
discuss the audience’s agency and control with regards to their participation in the artwork. It
should be noted that harnessing involuntary data of the audience such as those described in Bob
the Blue Ghost scenario (see Paper I) as input to a system require competence and care on the
part of the artists, developers and others involved in collecting and processing the data. This particularly becomes critical as such an input can give some sort of control (or illusion of control) to
the audience and provide them the opportunity to influence the experience of the performance
for themselves or others. While a careful design of the experience can leave the control in the
hands of the artist (e.g. through carefully scripted audience trajectories), the level of audience’s
involuntary input – whether it is bio data or physical inputs – should be carefully negotiated with
respect to audience’s level of autonomy and control required for the experience.
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While we, the researchers, should respect the integrity of the art and artists’ strategies in push
the boundaries of the individual’s limits, we shall as well negotiate rules, values and boundaries
of participation with respect to the research and technology. This said, I reflect on the ethical
challenge of participation in a mixed-reality performances.

6.5.2 Safety and Accessibility
Reflecting on the last case study (§5.4) raises concerns regarding safety and accessibility of the
performance. While we did not intentionally design our sketches with a target audience in mind,
the designed set up might not be considered accessible for participants with limited mobility.
This could be seen in the scenarios that required certain physical movements and interactions,
such as climbing up onto a chair or a platform. For instance, we decided to replace the set of
chairs with a more sturdy platform to walk on. This change in physical scenery and objects made
us revise the VR world in order to keep the consistency of the two realities in order to provide a
better immersive experience for the participant.
Such a consideration also requires acknowledging the limitations of technology (VR) such as the
necessity to use wired HMDs instead of wireless ones (to reduce latency), which may cause limited, uncomfortable and sometimes dangerous interactions for those with limited mobility. Although discussion on accessibility require extensive research, I felt the need to emphasise that
thinking about accessibility from the beginning would help foresee some problems and find solutions for them. For example by re-designing the set to be more accessible or by assigning a
person to be on the set to move cables around, and help the participant to navigate in the space.
However, these changes require careful considerations to be interwoven in the performance in a
way that it does not cause distraction for the artwork.

6.6 Future Work
In this thesis, I presented a body of work in which I studied interactive performances with the
lens on the technology used. This also included research on how artists can take advantage of
interactive technologies in designing novel interactive performances, and how audience members experience these performances. The five publications included in this thesis address this
research space in different ways. This research is a contribution to the ongoing conversation in
the HCI and interaction design research communities on the tensions in interweaving interactive
technologies in performances. Particularly in terms of studying how novel interactive technologies can provide new opportunities of interactions and artistic expressions, how to design for rich
and meaningful interactive performances, and how HCI concepts and knowledge can contribute
to the field of art and interactive performances.
Four different case studies were used in this thesis, each addressing the use of technology in
performances in a different manner. The first case study centred around bio-sensors and body
tracking sensors, provides a clear avenue for future works. One direction this could take would
be the development of the scenarios presented in Paper I to investigate audience’s engagement
and participation through empirical methods.
The second case study provides another direction for future works; the long-term deployment of
the smart guitar, discussed in §5.2, in situ with professional guitar players such as the participants
involved in the study. This would provide a way to understand how the artists’ perception of
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technology matched up to the reality of use as well as to explore how the appropriation happens
and changes over the time.
The third and fourth case studies point towards a research agenda to further investigate the concept of friction. The artistic outcome of this investigation is a professional performance currently on tour, with the name Frictional Realities. Future work on this topic has already begun
with data collected from the first 22 runs of the performance, which includes video recordings
of audience’s experience. The focus will be on the qualitative analysis of the participants’ experience of this performance. Another strand in the investigation of friction is focused on how
can we design a multi-sensory performance for a remote audience. This builds on an ongoing
collaboration with the Rekimoto Lab3 in Tokyo University and the Royal Dramatic Theatre (Dramaten4 ) in Stockholm. Data has been collected from two days of workshops investigating the use
of “Chameleon masks” (Misawa and Rekimoto, 2015) in designing an interactive play by a variety
of participants including colleagues from the Rekimoto Lab, actors, producers, and script writers
from Dramaten.
These future directions look to further increase the impact of the empirical and conceptual work
of this thesis with wider collaborations inside and out of academia.

3 https://lab.rekimoto.org
4 https://www.dramaten.se
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A Design Scenarios

17 ideas were designed during two workshops described in section 5.1, five scenarios were selected and presented in paper XX as exemplars of the range of use of, and interaction with, biosensors and bodily tracking envisaged by the participants. The description of those design ideas
and the related scenarios produced during the group activities at the workshops are presented in
this section.

A.1 Workshop One: Envisioning
Data Director
With certain biological states already closely matched to psychological ones, these could be used
as triggers a director could take advantage of. One possible implementation would be the detection of heart rate as in indicator of excitement. This could then be used to cause a scene to
continue – the walk along a dark path with menacing music, for example – until a certain desired
state of excitement has been achieved by the audience, and only then would the next scene begin.
Two Player Piano
For this idea two or more pianos would be linked in a way ensuring that the physical interactions with each one was mirrored in real time on the other. By narrowing the channel between
the two players to just the physical movement of the keys and their corresponding tones, this
creates a new medium of performance between two different places. Where the Data Director
idea was based on movement as a staged reaction to actual physical measured by the audience,
the second idea, the two player piano was a more equal collaboration between a small number
of people. Both could be perceived as theatre or performance, yet with different types of audiences. The other performance/theatre idea was based on individual input for manipulating the
performance:
Bob the Blue Ghost
Here, elements of the performance would be hidden from the audience and only shown to them
when their bio data matched a certain threshold. This could take the form of an audio track or
visually, using augmented reality (e.g. a head mounted display). Each audience member would
then experience the performance differently depending on their physiological readings. For example, a blue ghost dubbed Bob (hence the name) would only be visible and audible when an
audience member’s heart rate was very slow. The group who developed this idea had shaped Bob
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in play dough to emphasize the embodied experience of him within the presentation. Although
this was an idea for performance in the broad sense, it was envisioned as an individualized experience, not unlike more traditional theatre.
Voice of the City
This design was perceived as a way to increase the emotive power of location-based audio stories.
Here the audio of the story would be presented as ‘of the city’ and would only become clear and
audible one the listener has waited, still, in a certain place for enough time to move themselves
outside the normal flow of the city dwellers.
Sent-ual Memories
With scent being a powerful mnemonic resource, this idea looked to take advantage of both this
and the aroma map of the urban environment. By linking people’s stories to certain aroma, and
then placing them where the same aroma can be experienced in a different city or part of the city
the idea is to connect more strongly the recounted tale with the listeners lived experiences.
Emotional Missions
Taking advantage of bio and contextual sensing, an estimate of the subjects’ emotional state is
quickly becoming a viable technical resource for design. In this idea, emotional and the physical
goals would be used to assign users positive actions to perform in the guise of daily ‘missions’
– the act of completing these missions would be the therapeutic process that would go towards
the emotional or physical goal. The broader goals (i.e. loosing weight, becoming less depressed)
would be set by the user him/herself, while the individual missions would be set by other members of the online community.
From the first workshop two ideas did not include participant interaction, therefore they were
presented as side ideas. One idea was aimed at everyday life and suggested two ‘forced interactivity seats’, public outdoor seats that would slowly move towards each other to promote interaction between strangers. The other idea was suggested as a technique to enhance location-based
performances: A drone fitted with a projector and lighting rig was presented as a way to provide
some of these resources anywhere actors chose to perform. The last idea from this workshop did
use bio-sensing to set tasks for users to incrementally increase their mental and physical wellbeing akin to an augmented version of SuperBetter (McGonigal, 2016) but lacked the performativity
of the ideas included here.

A.2 Workshop Two: Move:ie
Movement Amplifier
This scenario involves an interactive display that reacts to your movements, and responds by
displaying their amplified graphical version. This in turn is meant to invite the participant to
follow up with movements inspired by those displayed. The goal is to support playful interactions
in the co-creation of a chain of movements that feed upon and magnify one another. When more
than one person gives input to the system, the resulting movements are a combination, both
physically and temporally, of the players’ movements.
Synchronicity Monster
Inspired by the theme of joint empowerment by movement synchronicity, participants created a
game-like installation in which an ‘evil force’ (shadow behind the curtain) manifested in a graphical and audio form blocks the access to an object. This virtual presence (size and shape of the
graphical output and volume of the sound displayed) and therefore ‘power’ of the agent decreases
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as participants collectively attempt to access the object in a synchronized way. Drawing from the
notion that movement plays a central role in lived cognition, participants came up with the idea
of a physical installation that releases content related to an artistic installation or a movie once
the participant performs certain movements herself.
Movement Chain
This idea, is inspired by the popular parlour games of additive writing or drawing with limited
knowledge of the previous players’ additions, and where the full composition is only revealed at
the end. In this scenario, it is the physical position of the previous player that one must connect
with at the start of a turn instead of the final line of the previous player’s story or the bottom edge
of their drawing. One player records a movement and the next must start their movement from
the final position of the player before them in the chain, adding another phase to the choreography before passing on to another player. The role of the bodily tracking technology in this idea
is that of mediator, in the sense that it is used to record the movements of each player and to
indicate when the starting position is close enough for the chain to ‘link.’ The final output would
be a multi-party dance video which would showcase the combinatory choreography.
Bio Transfer
Passing on the physical experience of one person to another is particularly difficult. This idea is
to use thermal pads and low frequency actuators to transfer the skin temperature and heart rate
of one person, result of her movements, to another – either between audience members or from
the actor to the audience by means of haptic and thermal actuators. The latter then needs to try
to move in a way that matches the received physiological readings.
Character Shadows
This idea is inspired in the notion of a flashmob, in the sense that it involves the gathering of
people in a certain location to try to interact and co-create a performance. The beginning of this
idea involved a technology-enhanced environment that invited you to re-create the scene of a
particular dance of a movie. However, this idea ended up reversing to being the participants those
who facilitated the re-creation of a scene. In particular, our participants thought of a tangible
technology around which, those who want to interact with it, would move and physically invite
to reflect that particular dance.
From the second workshop also, three of the nine ideas were not centred on performances. One
for example, was the Augmented Soap Bubbles, where the play of producing and popping soap
bubbles is made into a collaborative, augmented reality game. One person is able to see the
augmented reality bubbles by looking through a smartphone; they see them be created by certain
physicals actions by the person in front of the camera and direct them to pop the bubbles before
they hit the ground. Another was Auto Hugger, a digitally enhanced malleable mat device that
pushes back against each movement of the person on top of it until they are enveloped in an
all-encompassing hug.
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