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Fig. 1. Virtual Director GUI, 2020: (a) Zoom screen capture, (b) FG select, (c) Player select, (d) BG select, (e)
Preview

Performers acutely need but lack tools to remotely rehearse and create live theatre, particularly due to
global restrictions on social interactions during the Covid-19 pandemic. No studies, however, have heretofore
examined how remote video-collaboration affects performance. This paper presents the findings of a field
study with 16 domain experts over six weeks investigating how tele-immersion affects the rehearsal and
performance of improvisational theatre. To conduct the study, an original media server was developed for
co-locating remote performers into shared virtual 3D environments which were accessed through popular
video conferencing software. The results of this qualitative study indicate that tele-immersive environments
uniquely provide performers with a strong sense of co- presence, feelings of physical connection, and an
increased ability to enter the social-flow states required for improvisational theatre. Based on our observations,
we put forward design recommendations for video collaboration tools tailored to the unique demands of live
performance.

CCS Concepts: • Human-centered computing→ Computer supported cooperative work; Collabora-
tive and social computing theory, concepts and paradigms; Interactive systems and tools.
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1 INTRODUCTION
A growing use of video conferencing tools for remote collaboration in the performing arts presents
a compelling opportunity to explore how theatre pedagogies and performance can be meaningfully
practised remotely — a need amplified by the current Covid-19 pandemic [40]. Popular video
conferencing tools being used by performers, however, have been generally designed to meet
the needs of remote business and education which do not take into consideration the unique
collaboration demands of teaching, developing, and performing theatre when each actor is isolated
from the others [33]. While there have been many experiments over the last few decades into the
potential of remote collaboration tools for building performance [52], few have directly examined
how specific types of remote video collaboration affect an isolated actor’s experience of rehearsing
and performing with others. Our study is the first step towards filling this gap in existing research
on immersive communication for live performance.
‘Live-to-Digital’ is the U.K. entertainment industry’s term for a ‘live performance, event or

experience captured and distributed digitally, through television, cinema, or online’ [43]. Prior to
the pandemic, the term ‘Live-to-Digital’ generally implied that stage productions would be captured
and broadcast live for digital spaces. There are for instance, no examples of theatre involving remote
actors directly performing together for digital spaces in any of the biennial reports by the the Arts
Council that began analysing the industry in 2016 [14, 43]. To rehearse and perform exclusively
through screens is a different experience altogether from adapting stage productions for streaming
digital experiences. Improvisational theatre is particularly affected by the technical limitations
of remote performance, as performances rely exclusively on an improviser’s ability to react in
real-time to the behavior of others [42].
Improvisation in theatre is a rehearsal tool, a process for creating new work, and a genre of

performance [15]. As a genre, ‘it is a form of live theatre where artists perform real-time, dynamic
problem solving to collaboratively generate interesting narratives’ [7, 26, 35, 36]. Improvising involves
engaging a cognitive state called flow described by psychologist Mihaly Csikszentmihaly as ‘an
almost automatic, effortless, yet highly focused state of consciousness’ [8]. Improvising and entering
into flow in performance require collaboration that is supported by a deep awareness of the presence
of others [56]. Improvisers rely on constant verbal and visual feedback from scene partners and
audience members to construct a shared reality. It is through this feedback that improvisers can
synchronize around invented relationships that appear so cohesive they ‘lose their fictitiousness of
time and place’ [10]. The visual environment of the improviser therefore plays an integral role in
the ability to perform.

Currently themost popular video communication tools enabling theatre during the 2020 pandemic
include Zoom and similarly functioning business conferencing tools like Skype, WebEx, Microsoft
Teams, and Google Hangouts [37]. These tools allow anyone connected to the internet with a
computer or mobile device to transmit video to remote partners in various arrangements from grids
to ‘speaker view’ layouts that highlight individual video feeds [47]. ‘Zoom Fatigue’ is a popular
term referring to how the ‘inability to read body language’ when video conferencing, time-lags,
and a split focus across screens ‘interfere with our normal, instinctual and finely-tuned way of
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Fig. 2. System overview, Virtual Director 2020: (a) Isolated performer connects via client software, (b) Background
segmentation is performed by client software, (c) Performer sees a video of themselves co-located with partners
in virtual space, (d) NDI macros supply client video to Virtual Director, (e) Automatic separation of video call
participants, (f,g) Virtual Director selects background and foreground assets for compositing, (h) Each asset
appears as a 3D object that can be rotated, scaled, faded, and positioned dynamically.

communicating’ [39]. Zoom fatigue is particularly disruptive to improvisers who rely so heavily on
body language and a shared sense of presence. With the very recent exception of Microsoft Teams
which released ‘Together Mode’ [4] in July 2020, there have been few opportunities for isolated
performers to improvise through an immersive visual environment.
While software exists for specialists to design immersive digital experiences for a particular

production, there are no immersive communication tools generally available for the isolated actor
to rehearse and build performances themselves [2, 5]. Even Microsoft’s new ‘Together Mode’ falls
short of enabling immersive theatre collaboration, as it restricts users from relocating position,
customizing or changing backgrounds, and locks them into lecture hall or conference table envi-
ronments. These video conferencing systems designed for business and education nevertheless
have been the most accessible instruments for socially-distant performers. It is therefore important
and timely to explore the potential of augmenting these tools with more immersive, dynamic, and
flexible visual environments that can address the unique demands of improvisation and analyse
how these design features affect performance.

We address this need with a field study of professional actors rehearsing and performing impro-
visational theatre in isolation using a novel system for tele-immersion. We present Virtual Director,
a program developed by the researchers for this study that augments video conferencing services
such as Zoom or Skype by extracting individual videos and compositing them into a shared virtual
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space. We validate this system through extensive qualitative analysis with 16 domain experts. We
present details of the analysis including a diverse set of quotes from the performers regarding
components they embrace and found friction in. We synthesize qualitative feedback into 3 clear and
actionable design recommendations to future theatre. We conclude by proposing how the future
of tele-immersive theatre might proceed to bene�t performers, audiences, the environment, and
society as a whole.

2 RELATED WORK

Our research is related to previous studies on user experience of collaborating inside a shared virtual
environment, as well as studies of immersive communication for theatrical performance. While
many di�erent forms of remote collaboration have been researched in the past [6, 16, 23, 50, 51],
user experience of `tele-immersive' systems that feature the ability for performers to remotely
collaborate and perform inside a shared virtual environment from their individual homes has not
been studied. Most research related to theatrical performance inside shared virtual environments
in particular, have relied on the use of virtual reality headsets or large scale immersive display
systems [21, 23]. Subsequently most of these studies have been carried out in studios and laboratory
settings dependent on having the performers still physically co-located to some degree. Studies of
productions featuring telepresent theatre have been largely focused on audience experiences or
dramaturgy [52, 53]. Recently however, performers in unprecedented numbers have been engaging
in remote rehearsal and performances outside of studios and laboratories [48]. Our study appears
to be the �rst to examine actor experiences of performing remotely with other actors from their
homes.

2.1 Tele-Immersion

Our study builds on research that has analysed user experiences of collaboration in virtual en-
vironments [13, 23] and studies of presence in virtual worlds[21]. An early experiment in 1991
demonstrated the immersive potential of mixing live captured video with 3 dimensional environ-
ments reporting that out of 160 participants using a system placing chromakey extracted video of
their bodies into a virtual world,�71% of those who tried the demos considered the `being on the screen'
to be their real self.�The study went on to report that respondents described feeling both physical
and emotional responses when they touched animated graphical objects in these worlds [22]. In
1996 the term `Tele-Immersion' was born when researchers at the Electronic Visualization Labora-
tory (EVL) used it as the title for a workshop on `networking, virtual reality, and collaboration' [32].
Most of the developments in tele-immersion have been related to `expanding the boundaries of
computer vision, tracking, display, and rendering technologies' for computationally expensive
displays of complex 3-dimensional geometry [17, 41, 46]. The experience of feeling present in a
virtual space however is not dependent on accurate 3-dimensional representations of physical
space as the early experiments background segmentation and projection have shown. Instead,
chromakey background removal was all that was required to provide a convincing illusion of being
in a shared space [22]. Advances in computer-vision have allowed popular video-conferencing
platforms to perform real-time adaptive background segmentation without the need for users to
have access to complex studio lighting and chromakey environments [28]. This feature makes a
2D form of tele-immersion in a vitually 3D space a possibility for any video conferencing plat-
form. Microsoft Teams, however, is the only service currently providing some tele-immersive
functionality publicly and this service was released after our study [4]. Without the accessibility
of tele-immersive platforms for the public, there have been few opportunities to explore how a
shared virtual environment a�ects remote collaboration in real-world environments generally, let
alone how it might a�ect actors rehearsing and performing online. The decades of research of
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tele-immersion systems nevertheless clearly demonstrates that when users have been able to see
themselves co-located, they have experienced an enhanced sense of presence over dislocated video
interfaces, as well as increased productivity [9, 30, 32].

2.2 Performing Telepresently

In the digital and performing arts, there has been some research into performing telepresently, but
most of this research has focused on the development of technology, dramaturgy, or the audience
experience [11,52]. There has been some research involving dance and tele-immersion, investigating
how the time delay between dancers interacting tele-immersively impacted synchronicity [31, 54,
55]. Most recently, researchers in theatre have carried out a study on the rehearsal process and
performance of a theatrical production between two remote groups. This study however focused
on the use of life size projections of remote partners and the telepresent collaboration between two
physically co-located groups [19]. To the knowledge of the researchers, no study has ever explored
the impact of virtually co-locating performers who each performed remotely from home.

2.3 Improvisation and Flow

Improvising for the theatre is a cognitive process where`in present time a path is opened to your
intuition, closing the gap between thinking and doing'[49]. This de�nition, laid down by one of
improvisational theatre's early theorists, Viola Spolin, has been further nuanced by psychologists
and cognitive scientists as a distinct mental process identi�ed by the shift of neural activity within
the prefrontal cortex [34]. Key to understanding the experience of this cognitive shift is psychologist
Mihaly Csikszentmihaly's 'nine dimensions of �ow' [8]. In designing our study we considered his
nine dimensions of �ow to help us evaluate the experience of our participants. The nine dimensions
of �ow have been used as a tool for evaluating improvisational performance by a number of
researchers in the past [12, 20, 29]. The dimensions are summarised as (1) an equal balance between
challenge and skill level, (2) a merging of `action-awareness' or being fully absorbed in the moment,
(3) a clear sense of purpose, (4) direct and immediate feedback meaningful to the task, (5) the ability
to concentrate on the task, (6) a sense of control, (7) a loss of self-consciousness, (8) a distorted
sense of time, (9) being anautotelicor intrinsically rewarding activity.1 These dimensions became
meaningful as we analysed the experience of the improvisers engaged in remote performance and
were useful touchstones for our qualitative study.

3 EXPERIMENTAL DESIGN

3.1 Research �estions

The focus of our qualitative study was to capture a broad range of experiences related to performing
remotely that could guide future research in this emergent phenomenon. We posed several questions
related to core improvisational concepts that we theorized would be directly a�ected by the visual
environment of the collaboration tool:

� Does performing in isolation with others tele-presently help them feel connected to remote
partners?

� Do tele-immersive environments a�ect actors' abilities to enter �ow states while improvising?
� To what extent do virtual environments contribute to a suspension of disbelief experienced by

the performer?
This theoretical framing served as a guide for designing the features of our software, as well as
developing activities we thought would be conducive to engaging in the unique collaborative
experience of improvisation.
1https://the�owcentre.com/9-dimensions-to-�ow/
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3.2 Virtual Director

Virtual Director is compositing and video switching software we built to explore how existing
video conferencing tools could be generically enhanced with tele-immersive features to facilitate
rehearsing and performing theatre. The tele-immersive environment is generated by running scripts
that isolate individual video feeds and perform chromakey background segmentation from each
participant's video. These isolated video feeds can then be positioned as 2D planes inside a 3D
environment arranged by an operator in relation to selectable scenic elements in the space. Each
object (including the performers) can be dynamically displaced, scaled, and rotated to simulate an
appropriate sense of scale and depth between performers and the environment whether they are
seated or standing or positioned in di�erent proximity to their cameras. Scenic elements can be
dynamically replaced or changed with other objects available from a library of stored graphical
elements. The three main tele-immersive features that we are examine therefore are:

1) The virtual placement of participants in a shared background .
2) The ability to dynamically replace objects in the virtual environment in real time.
3) The ability to re position participants and objects inside the 3D environment in real time.

Virtual Director was built inside of TouchDesigner2, `a node based visual programming language
for real time interactive multimedia content'. TouchDesigner natively supports capturing and stream-
ing ®NDI3 video feeds which allows us to seamlessly work with various video conferencing tools.
We designed the program to remotely supplement the existing conferencing tools our subjects had
available(Fig. 2a), avoiding the need for participants to download or install additional software.
Since many of our subjects participated from work laptops, they were often locked in to using
their company's chosen video conferencing tool and we wanted to make our study as accessible as
possible. The program captures and separates video from conferencing tools like Skype4 which
provide®NDI feeds for each participant(Fig. 2d). With conferencing tools that do not provide
discrete®NDI video channels for participants, macros are launched to perform a screen-capture
using®NDI Tool's `Scan Converter' of the video conferencing interface that Virtual Director auto-
matically crops and separates into individual performer video feeds(Fig. 3c). Each feed has its own
chromakey functions that can be adjusted in real time for �ne-tuning background segmentation.
The user interface presents an operator with a grid of players and controls to dynamically select,
switch, and manipulate the segmented performer videos inside a three-dimensional space(Fig. 1).
The interface also provides the user with interactive menus to load folders of images, videos, or 3D
meshes to populate the virtual environment of the performers(Fig. 1b,1d). Virtual Director stores up
to sixteen scenes that are updated synchronously during performance or in the background asyn-
chronously to support dynamic scene transitions. To facilitate real time interaction and response to
the spontaneous behavior of the improvisers, the software is controllable via any attached musical
instrument digital interface (MIDI) devices so that knobs, sliders, and buttons manipulate scenery
and performers(Fig. 3b). Virtual Director therefore allows the operator to improvise along with
the performers by altering backgrounds, foreground elements, and positions of the performers
based on their suggestions. Six custom OpenGL5 shaders are available for real time color grading
and visual e�ects that style performers into `cartoon-like' renderings(Fig. 3e). Virtual lighting and
camera positions can also be freely adjusted for each scene.

2https://derivative.ca/
3https://ndi.tv/tools/
4https://www.skype.com/en/content-creators/
5https://www.khronos.org/opengl/
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