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Abstract 

 

Dance knowledge can inform the development of scenario design in immersive digital 

simulation environments by strengthening a participant’s capacity to learn through the body. 

This study engages with processes of participatory practice that question how the 

transmission and transfer of dance knowledge/embodied knowledge in immersive digital 

environments is activated and applied in new contexts. These questions are relevant in both 

arts and industry and have the potential to add value and knowledge through cross-

disciplinary collaboration and exchange.  

 

This thesis consists of three different research projects all focused on observation, 

participation, and interviews with experts on embodiment in digital simulation. The projects 

were chosen to provide a range of perspectives across dance, industry and futures studies. 

Theories of embodied cognition, in particular the notions of the extended body, distributed 

cognition, enactment and mindfulness, offer critical lenses through which to explore the 

relationship of embodied integration and participation within immersive digital 

environments. These areas of inquiry lead to the consideration of how language from the field 

of computer science can assist in describing somatic experience in digital worlds through a 

discussion of the emerging concepts of mindfulness, wayfinding, guided movement and 

digital kinship. These terms serve as an example of how the mutability of language became 

part of the process as terms applied in disparate disciplines were understood within varying 

contexts.  

 

The analytic tools focus on applying a posthuman view, speculation through a futures 

ethnography, and a cognitive ethnographical approach to my research project. These 

approaches allowed me to examine an ecology of practices in order to identify methods and 

processes that can facilitate the transmission and transfer of embodied knowledge within a 

community of practice. The ecological components include dance, healthcare, transport, 

education and human/computer interaction. These fields drove the data collection from a 

range of sources including academic papers, texts, specialists’ reports, scientific papers, 

interviews and conversations with experts and artists.  



 

The aim of my research is to contribute both a theoretical and a speculative understanding of 

processes, as well as tools applicable in the transmission of embodied knowledge in virtual 

dance and arts environments as well as digital simulation across industry. Processes were 

understood theoretically through established studies in embodied cognition applied to work-

based training, reinterpreted through my own movement study. Futures methodologies 

paved the way for speculative processes and analysis. Tools to choreograph scenario design 

in immersive digital environments were identified through the recognition of cross purpose 

language such as mindfulness, wayfinding, guided movement and digital kinship. Put 

together, the major contribution of this research is a greater understanding of the value of 

dance knowledge applied to simulation developed through theoretical and transformational 

processes and creative tools.  
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Chapter 1. Introduction. Shifts in Embodiment 

 

This thesis articulates how dance knowledge may assist in developing a new understanding 

of human factors1 that recognises dance knowledge as a foundation for movement studies, 

affordances2 and social behaviours specific to immersive digital environments. The discussion 

deliberately moves between disciplines and fields, and is contained by neither arts nor 

industry but rather expands the view of the value of dance knowledge in environments that 

specifically engage with embodied participation. How movement is communicated and 

expressed through processes of transfer and transmission is questioned with the aim of 

gaining and sharing embodied knowledge informed by dance knowledge on a case-by-case 

basis across arts and industry. The concepts and terminology applied to embodiment enable 

shifts and nuance in meaning and intention and are understood and analysed through 

difference. The approach of striving for clarity through openness and acceptance of difference 

across fields makes this research ground-breaking.  

Research Questions 

The research and fieldwork were guided and framed by the following questions:  

• What is the potential for the processes of transfer and transmission of embodied 

knowledge and dance knowledge within immersive digital environments? 

• How can the process of transfer and application of embodied knowledge(s) in digital 

simulations be mutually beneficial—from dance to other industries and from industry to 

dance? 

• How can dance knowledge contribute to digital embodied learning environments in the 

future? 

 
1  “Human factors is the science of people at work. It is primarily concerned with understanding human capabilities, and then 
applying this knowledge to the design of equipment, tools, systems, and processes of work.” 
(https://www.arpansa.gov.au/regulation-and-licensing/safety-security-transport/holistic-safety/human-factors) 
 
2 Affordance is a term coined by psychologist James Gibson (1977). It refers to all possible actions with an object based on a 
user’s physical capabilities. For example, a chair affords sitting on, picking up, standing on etc. Human-computer interaction 
expert Don Norman (2013) later defined affordances as perceivable action possibilities, meaning only actions a user considers 
possible. Norman’s definition is most commonly applied in human-computer design and human-factors analysis and will be 
referred to throughout this thesis when affordances are mentioned.  
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The approaches that arose to address the concepts embedded in these questions are social 

(they deal with the way people communicate), qualitative (the manner in which they do 

communicate) and speculative (their hopes and fears for the future). Each of these 

components played out in balance with choices made informed by choreographic experience 

and in consideration of the intentions and knowledge of each of the participants in the study. 

Although the value of embodied knowledge remains the focus of the enquiry, bringing in the 

voices of academic experts across fields such as cognitive science, computer science, aviation, 

healthcare, rail as well as dance, increased the potential to investigate and, through a wider 

lens, apply the value of an embodied experience to new contexts.  

 

The research, and subsequently this thesis, serves as an informed futures speculation about 

the potential for dance knowledge to be valued and utilised by diverse disciplines. In an 

economically rationalised cultural climate, arts-based practices as self-contained disciplines 

within knowledge economies and institutions are losing value as observed through current 

uncertainty for undergraduate arts and dance degrees in Australia3. This reduction of value 

has been ongoing since the introduction of knowledge value metrics within creative 

industries. Questioning how to communicate the value and reach of embodied knowledge 

informed by dance knowledge drives my research.  

 

Motivating the enquiry is an expansive view of dance as suggested by social anthropologist 

James Leach and his associates influenced by cognitive science (Leach & deLahunta, 2015, 

Kirsh 2010, McKechnie and Stevens 2005) whereby dance might extend its reach beyond 

performance through knowledge production (2013, p. 463-464). The research aims to reveal 

the processes involved when dance knowledge meets industry goals by reconceptualising and 

realigning artistic practice as cross-disciplinary research applicable to other industries. The 

 
3 The withdrawal of the BFA at the Queensland University of Technology (Dance Performance) course is not an isolated 
incident but another example of a great retraction in specialised university arts training in Australia. Recent announcements 
include the closure of Monash University’s Centre for Theatre and Performance; cuts to the Australian National University’s 
School of Arts and Design; the dissolving and merging of faculties, including the Art and Design Faculty at the University of 
New South Wales; the suspension of the University of Newcastle’s theatre major and the removal of the Bachelor of 
Photography course among other cuts at Griffith University’s Queensland College of Art. 
(https://www.danceaustralia.com.au/news/qut-dance-course-closure-a-perfect-storm. 1/2/2021)  
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overall aim of the research is to contribute social, qualitative and speculative perspectives 

and understanding to this proposition, as well as tools that can be used in the transmission of 

embodied knowledge in immersive digital environments such as virtual dance and arts 

environments, and digital simulation across industry. This research involved fieldwork and 

literature as data sites to seek understanding across disciplines. Three research projects, each 

made up of visits to experts, literature reviews and experiences of other’s work were grouped 

into three projects themed; industry training, dance and arts practices and a movement study.  

The components of each project were identified as informing the value of dance knowledge 

in relation to immersive digital environments. 

 

1.1 Terminology 

 

As stated above the terminology applied to descriptions in this thesis is intentionally fluid to 

adapt to situations and intentions across disciplines and fields. Key terminology identified at 

the onset of this research as relevant to an evolving discussion about process are – immersive 

digital environments, transmission and transfer, technogenesis, embodied cognition, and 

dance knowledge. Each of these terms is mutable and the scope across which they are applied 

is outlined below. Terminology accumulated over time throughout this research relating to 

concepts of participatory practice in immersive digital environments and transformational 

practice in transdisciplinary research and education, come into view as insights emerge. 

 

The phrase ‘immersive digital environments’ is used throughout this thesis to describe virtual 

settings in experiences in futures4, training simulations5 and dance for virtual reality. When 

values differ, the specific qualities of the immersive digital environment are defined. For 

example, futures and training simulation environments are not always digital. Immersive 

digital environments are experienced first-hand empowering a participant with agency to 

modify their experience. Agency amounts to participatory experience afforded to a task and 

 
4 Futures studies is the systematic study of possible, probable and preferable futures including the worldviews and myths 
that underlie each future. 
 
5 During simulation-based training, the learner is taught how to perform certain tasks or activities with the aid of technology, in 
various real-world scenarios so they will be better prepared should the event actually occur.  
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participatory practice which shares attributes and affordances across arts and industry as 

processes to learn through action. Providing answers to questions about how such 

developments might be enriched through cross-collaboration and transdisciplinary practice, 

requires focusing on the value of embodied knowledge by interrogating processes.  

 

Transmission and transfer are key terms used in this thesis to describe different processes 

and experiences across all stages of scenario design and production. The term transmission 

is used throughout this thesis to refer to how dance and movement is passed on through 

digital platforms. Transmission as a current and relevant term was introduced by Maaike 

Bleeker’s book Transmission in Motion (2016), a text that initiated the cotutelle PhD 

opportunity between Deakin University and Coventry University. Transmission is useful when 

discussing communication across disciplines and those cross-purpose matters associated with 

digital platforms. Dance scholars use the term transfer to describe the way in which 

knowledge can be conveyed cross technological platforms where transformative processes 

occur as a result or within the transmission. For example, when motion capture data is 

mapped onto a digital avatar, the dance is transmitted from the avatar to the audience 

through the digital technology.  

 

The term knowledge transfer is best used when discussing educational practices that are 

skills-based. Knowledge transfer is an iterative practice that occurs in inter-disciplinary 

collaboration often involving teaching strategies and verbal communication. In this thesis I 

turn to the voices of cyber-feminists who have influenced my cultural development as a 

choreographer, to make sense of how we evolve with our tools and therefore develop skills 

with them. The argument for humans and technology evolving together is used by 

postmodern literary critic N. Katherine Hayles who uses the term technogenesis in her book, 

How We Think: Digital Media and Contemporary Technogenesis to describe how we think 

through, with and alongside the media (2012, p. 10). Her development of the term, for the 

purposes of this investigation, best describes why and how we learn, and how we share 

knowledge as an embodied relationship with technology. Technogenesis is discussed at 

length in chapter two, in which cyber-physical processes and cyberfeminism provide historical 

perspectives that underpins my research. The language of embodied cognition is used in 

conjunction with cyber-physical process as it describes processes across systems and 
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relationships integrating human and non-human providing descriptors recognised between 

arts and industry.  

 

The processes and terminology associated with embodied cognition are brought into the 

discussion on task analysis in immersive digital environments, focussing on physical rather 

than purely cognitive tasks. Research focuses on the links and tension between the basis of 

the virtual experiences in perception and action on one hand and the desire to transcend the 

limitations of a physical body on the other. Both high-fidelity simulation environments and 

the development of lightweight untethered virtual reality technology have caused us to 

reimagine the somatic and physical components of participatory experiences in these 

environments. Interactive tasks built into digital environments ensure physical engagement 

and potential for embodied experiences to move beyond the skin. Immersive digital 

environments can now apply the benefits of advanced research into embodied cognition by 

understanding the central role physicality plays in user experience when designing movement 

and interaction.  

 

In dance cyber-physical processes are also understood through principles of embodied 

cognition as introduced by the collaborative work of choreographer Wayne Mc Gregor6 and 

associated researchers and scientists over the last thirty years. Understanding the world 

through the body is the reason dance practitioners respond to descriptions from research in 

embodied cognition, precisely because these descriptions correspond to their embodied 

experience. It is also the reason that acquiring knowledge through the body or embodied 

knowledge (the experience) is easily associated with and often overlayed upon embodied 

cognition (the enquiry) making the term operate as a description. As such, the simple 

shorthand “dance knowledge”, is used in this thesis to refer to many of the participatory 

processes involved in dance training and skill development, such as workshopping, creative 

development or performance, tacitly focuses on the transmission and transfer of this dance 

knowledge.  

 

 
6 Studio Wayne McGregor is the creative engine for choreographer and director Wayne McGregor CBE, and the home of his 
life-long enquiry into thinking through and with the body (https://waynemcgregor.com/research/). 
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Dancers’ skills enable a self-awareness of their own embodied knowledge, which they can 

apply in contexts outside of the arts. As argued in this thesis, there is a gap in work-place 

training where embodied knowledge, interpreted through a dance perspective, can inform 

and drive the development of scenario design in immersive digital simulation environments. 

Embodied knowledge, interpreted though my own dance knowledge, is made perceivable 

through the lens of my training, experience and choreographic work. As a contemporary 

dance choreographer, I evolve the scope and understanding of dance and movement, and in 

demonstrating how embodied knowledge is an ongoing pursuit in one’s own artistic practice.  

 

1.2 Choreographer as Researcher across Fields 

 

A common thread across all my training and experience in dance is an interest in the 

relationship between the body and its environment. My choreographic practice focuses 

specifically on the relationship of the body to technology and how the physical processes 

involved in this interaction lead to an evolution in physical expression, shifts in embodiment 

to expand sensory awareness, and expansion of dance knowledge. It is important to me that 

my choreographic art embraces and develops alongside innovations in technology. It is a 

commitment I have demonstrated through my roles as artistic director of interdisciplinary 

contemporary performance companies such as Heliograph Productions7, Corazon de Vaca 8 

and Kite 9. Importantly, it is through my history of collaborative artistic practice and the 

creation of multi-platform performances that I am able to bring my understanding of how 

forms of embodiment shift to activate and integrate the multitude of perspectives and 

changing experiences of the world we encounter.  

 

The progression of my research follows a trajectory, which expands my knowledge outside 

the field of dance to inform my artistic practice. In fact, there are several key experiences that 

have led to an expanded awareness of the value of dance knowledge outside of the arts. 

 
7 Heliograph Productions was a company Sarah Neville founded in 1998 with lighting designer Nic Mollison to choreograph 
and produce new media dance performances. 
 
8 Corazon de Vaca was an interdisciplinary, intercultural contemporary performance company based between Perth and 
Madrid from 2008 until 2012. Sarah Neville was artistic director from 2010-12. 
 
9 Kite was an interdisciplinary contemporary performance company for which Sarah Neville was artistic director from 2011-
12. 
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These experiences proved pivotal in driving my research for this investigation and have given 

it a two-way flow across industry and the arts. Whilst these experiences were not initially 

grounded in an academic enquiry, my interest in academic research around the questions 

raised by these experiences has been formative in shaping my research direction. 

 

In each of the examples listed below I initially felt at a loss to explain the relevance and reach 

of my dance knowledge to industries outside of the arts. I knew that the embodied knowledge 

I bought to the discussions was of value, but I struggled to articulate my perspective. It is often 

assumed that dance artists can decorate or express an entertainment value, but not 

necessarily contribute to goals outside of the arts. As a consequence, I had to seek new verbal 

and physical languages to bridge this gap to demonstrate how my embodied knowledge could 

add to cross-disciplinary discussions.  

 

The first influential experience that introduced me to the potential dance artists offered to 

non-dance work-place environments was an initiative run through the Australian Research 

Council in 2012. The initiative connected artists across the performing arts, visual arts and 

music with digital arts developers and companies. Justin Brow, who was then partnerships 

director of the National Creative Innovation Program 10, led it and I was selected to join an 

Australia Council of the Arts workshop to foster creative potential between a broad spectrum 

of artists and interactive media/games developers. The aim of the workshop was for artists 

to develop a “pitch” for an internship with a digital development company. Although I 

recognised how the embodied knowledge I brought to the workshop as a choreographer was 

important, I was yet to find any shared language with game developers. I was unsure of the 

currency I had as a choreographer when faced with the creative needs of digital game 

companies. This provided a strong impetus for the research that has become the basis of this 

thesis. In this research I aimed to identify gaps in perceived embodied awareness in industries 

outside dance and communicate better how dance knowledge could add value to immersive 

 
10 The National Creative Innovation Program was a national program of the Australian Research Council to foster digital 
innovation in the Australian arts industries, and to examine the role creative innovation plays in the context of interactive 
media entertainment. The project bought together peak national arts and research organisations, industry leaders from 
Australia’s interactive media/games development studios and stand-out cross-practitioner artists. 
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digital environments by suggesting industry professionals consider the value of embodied 

awareness to a greater extent. 

 

My second experience was when I came in contact with the types of digital simulation used 

in work-based training. This led me to suppose that if industry professionals are training in 

immersive digital environments, and that new innovations in technology is the area I am most 

interested in as a choreographer, then my knowledge holds currency outside of dance. I began 

what was to become a long-term conversation with human factors expert Matthew Thomas 

about the role digital simulation plays in work-based training. It seemed to me that if this 

technology is being paired with physical performance in industry contexts, then 

choreographic artists might also harness these digital environments to develop their art.  

 

The third driving experience was an interest in experiential futures, acquired through artist 

residencies with European/ Australian cultural groups FOam11 and Times Up12. During a 

residency in Croatia with FOam, I was invited to attend a series of future forecasting 

workshops with Times Up through the European project Future Fabulators13. Working with 

experiential futures as an embodied practice gave me insight into emerging cultural trends 

and concerns and put me in direct communication with the communities to which I belong. 

The field of futures has a community engagement process whereby the hopes and fears of a 

community are elicited, sorted into scales of positive and negative outcomes, and written and 

 
11 FOam is a haven for people who are unafraid to ask the questions “What If?” and "How could things be otherwise?" They 
explore such questions through a breadth of themes and methods, from machine wilderness to permaculture, future crafting 
to hosting craft, weaving codes to cultivating minds, open source to open sauces (https://fo.am/about/). 
 
12 Founded in 1996, Time's Up has its principal locus in the Linz harbour of Austria. Its mission is to investigate the ways in 
which people interact with and explore their physical surroundings as a complete context, discovering, learning and 
communicating as they do. Their research is based upon constructing interactive situations not unlike the normal physical 
world, inviting an audience into them and encouraging their playful experience-driven exploration of the space, and its 
behaviours, alone and in groups. The tools used in this research process are from the arts and design, mathematics, science 
and technology as well as sociology and cultural studies. Time’s Up’s goals are to collaboratively investigate the world and 
its options with a general public, communicating and discussing these discoveries through workshops, publications, teaching 
and symposia (http://www.timesup.org/content/about). 

13 The Future Fabulators (FFab) project aims to imagine, research, and prototype a range of possible futures, designed as 
artistic investigations and narrative artefacts to be experienced in the present. FFab uses techniques from physical 
narration,  context-aware narrative, and future pre-enactment to translate future scenarios into storyworlds, which are built 
as immersive situations in public and private spaces and designed to be playfully explored and enacted by a broad 
population.Future Fabulators is an EU-funded project led by Time’s Up, in collaboration with FoAM, M-ITI and AltArt, with 
the support of the Culture 2007-2013 Framework of the European Union and the Madeira Regional 
Government.(https://futurefabulators.m-iti.org/about/) 
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designed into future scenarios that can be enacted and trialled. Through this process one can 

remain informed of a wider scope of perspectives as well as become aware of concerns and 

hopes. Most importantly, enacting scenarios as simulations stimulates other possible futures. 

It is at this point that embodied learning through participatory practice directly informs 

decision-making, thereby making the transfer and transmission of embodied knowledge vital 

to progress.  

 

Future studies provide a methodology that I have been using prior to this research to process 

the cultural shifts in digital technologies. A further challenge is the speed of the changes in 

digital technology and how they are used in both arts and industry, which make it difficult to 

stay in step. Futures is the study of postulating possible, probable, and preferable futures and 

the worldviews and myths that underlie them. In general, it can be considered a branch of 

the social sciences with parallels to the field of history 14. Futures as an embodied practice is 

actioned through experiential futures, which is a family of approaches for vivid multisensory, 

trans-media, and diegetic representations of images of the future.  

 

From these key encounters, I identified that digital immersive environments across arts and 

industry required an exchange of languages, conceptual frameworks and techniques about 

embodied knowledge. However, the transmission and transference of embodied knowledge 

between arts and industry, and within each field, required in depth research into the 

communication strategies and platforms that could enable this exchange. This is where the 

aims of my research sit: to articulate the value of embodied knowledge as it applies to 

industries outside of dance, and to reveal the potential for dance knowledge to shift outside 

of its field. Achieving this involves identifying communication opportunities as well as 

identifying the participatory processes and outcomes through which transmission and 

transference are made possible. 

 

 

 
14 I came to understand Futures as a field through a succession of international arts residencies. I spent time with Culture 
Lab FO.am in Croatia and Belgium and the Times Up laboratory for the construction of experimental futures in Linz. I followed 
up with residencies in Australia involving my whole family as a family in residence through OSCA (Open Space Contemporary 
Arts https://osca.org.au/) in the Flinders Ranges and Vitalstatistix (https://vitalstatistix.com.au/) in Port Adelaide. 
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1.3 The Research Projects 

 

To focus my research, I looked to wider possibilities where I could apply my dance knowledge 

in other industries and pair it with emergent art forms. My research into embodiment in 

immersive digital environments, and the processes of knowledge transmission and transfer, 

came together in the form of a focused program of fieldwork and associated literature 

reviews. The potential for embodied knowledge to be instrumental in participatory practice 

in immersive simulation environments is discussed in this thesis through the following three 

projects: 1) Digital Simulation in Work-Based Training 2) Arts Practices: Immersive 

Performance, Experiential Futures, Simulation and Virtual Reality Environments; and 3) 

Movement Study: Creating a contemporary dance experience for virtual reality through the 

new work Spheres: A Dance for Virtual Reality.  

 

Each project was chosen to provide a range of views across futures, industry and dance. 

Through these projects I demonstrate how dancers’ embodied knowledge operates within 

each environment and becomes available across industries. Leaping into the research from 

an understanding of futures, I chose to tackle the industry projects first as my dance 

knowledge informed my enquiry. The industry projects were sought via my contacts in human 

factors and the networks available to me by studying at Deakin and Coventry Universities. I 

sought new knowledge about embodiment in industry to then re-direct the lens through 

which I later researched arts in immersive digital environments. Arts projects were accessed 

through professional dance networks and current professional projects in Australia and 

Europe. Lastly, I extended the enquiry through a movement project as I was awarded a 

choreographic commission which provided affordances to apply my new knowledge in 

designing scenarios for virtual reality by choreographing for virtual reality.  

 

The aim of the movement study was to trial ideas in choreographing in immersive digital 

environments by creating a virtual reality dance work. As this professional contract was a 

choreographic commission the scope for experimentation and research was narrower than if 

I was applying my own artistic research as practice. My observations within this project were 

therefore in consideration of outside intentions and goals, similar to how I observed and 

thought about research projects led by others. If the movement study had been conducted 
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first rather than last, it may have informed the direction of the research in industry and arts. 

The movement study sits in this research as evidence of how I work as a choreographer 

informed by a multitude of research areas and not as an example of artistic practice as 

research. My choreographic work does not privilege my position or identity as a 

choreographer over researcher or interdisciplinary collaborator, but rather identifies one 

community of practice to which I belong, among others.  The research is enhanced by the 

movement study because of the subjective embodied and creative understandings generated 

and the potential to feedback this knowledge to both arts and other industries.  

 

Over all three projects, two situations emerged as main areas of focus for the research: (1) 

immersive digital performances such as virtual and mixed reality; and (2), digital simulations 

for work-place training. The scope of evidence and information that was required to 

understand both of these fields was immense as it included accessing data from sources such 

as academic papers, texts, specialists’ reports, scientific papers, interviews and conversations 

with experts and artistic works. These sources came from the following key areas: 

cyberfeminism, futures, training simulation and studies, cognitive science, social science, 

human-computer interaction, virtual reality, dance and performing arts.  Each area provided 

a crucial part of the whole picture defined as embodied knowledge in digital simulation 

environments.  

Creating a methodology aligning first-person dance knowledge with theoretical approaches 

in cognitive science was instrumental in raising issues that I could explore ethnographically 

through a cognitive, futures and creative ethnographic study. This involved observing 

research projects across dance and other industries, leading discussions and interviews with 

experts in the field, and observing the behaviour of participants in various situations. 

Cognitive ethnography was particularly useful in providing a methodology for observing the 

flow of communication within communities. My relationship with these communities, and 

with the individuals involved, was guided by a scenario design methodology employed in 

experiential futures, coupled with my interest in immersive digital environments. Creative 

interpretation of data was helpful in revealing questions about how research can develop in 

the future by giving weight to speculation through futures ethnography.  
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Giving attention to the present moment by observing people in action in their environment 

through a cognitive ethnographical approach allowed me to document events as they 

happened on site. For example, I could gain insight into how processes emerge and are 

conducted. The process of observing and studying the shifts in embodiment, and the 

acquisition of embodied knowledge, as a natural extension of our relationship to technology 

within immersive digital environments, also required an investigation into multiple “data 

sites”. These sites yielded data from a range of sources including fieldwork and literature that 

enabled me to identify evidence of the transmission of embodied knowledge.  

 

Finding the language to describe this cross over and integration of embodied forms can be 

challenging. My approach was to research the terminology and processes used to describe 

embodied experiences in each field to seek similarities and differences. My initial approach 

evolved and changed over the course of the research to move past comparatives to discover 

transformative practice through mutual understanding.  

 

1.4 Chapter Summaries 

In the following I outline the trajectory of the next five chapters of the thesis, to take the 

reader through my research journey of the last three years. The introduction set out the 

background, context and aims of the project, followed by a methodology and methods 

section, and three core chapters each corresponding to one of the terms in my thesis title - 

futuring, training simulations and dance and virtual reality, culminating in a final discussion 

drawing out insights from the project, identifying its implications and applications and 

contribution to knowledge.  

Chapter two examines the concept of cyber–physical systems alongside cyberfeminism as 

seen through the voices of key feminists who have inspired me and informed my thinking. By 

connecting the views of cyberfeminists, who were writing at the dawn of the digital age, to 

posthumanism as a co-evolution of industry 4.0, I give real world examples to argue that 

cyberfeminist theory is a descriptor of the current cultural climate that offers an ontological 

background to this historic moment. The feminist theorists I draw on provide an overview of 

the last twenty years where the interconnectedness of people and their environment, digital 

and non-digital, has been observed, theorised and demonstrated across arts and industry. 
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Because transdisciplinary practice is key to the interconnectedness of the world, and both 

cyberfeminism and cyber-physical systems provide reason and context for recent history and 

potential futures it is crucial that the methods (practical techniques and methodologies 

(overarching sets of knowledge and value) account knowledge that cannot be obtained 

through a single disciplinary lens.  

Chapter three focuses on methodologies introducing the theoretical background and 

research design. It articulates the overarching concept of an “ecology of practices”, as 

introduced by philosopher of science Isabelle Stengers (2005) and opens the door for 

interpretation and influence between different practices rather than defining them against 

each other. To collect information about these practices I use ethnographic methods such as 

site visits, participant observation and unstructured interviews. Each of these methods is 

overlaid or viewed through a futures methodology, which enables me to respond to the 

perceptions of specific cultural groups, become aware of any socio-political conditions, and 

to consider the potential for change. My survey of the literature from industry, and the use 

of site visits, revealed the potential for embodied cognition theory to be used to probe the 

functional properties of distributed cognitive systems. I also use an artistic research 

methodology to frame and interpret my own experiences in the field of dance and virtual 

reality enabling me to reflexively integrate my perspective as an artistic researcher joined 

with scholarly rigour and analysis.  

Chapter four addresses the implications and applications of my enquiry in terms of what it 

yields in the future. Just as embodied knowledge benefit from theories of embodied 

cognition, so too thinking about the application of dance knowledge in industries context 

benefits from the understanding offered by Future Studies. Providing foresight in a fast-

changing world, and in times of uncertainty, future studies addresses the question of where 

we are going, whether as a society or culture, monitoring shifts in embodiment can highlight 

changes in our relationship to the digital environment. The discussion of futures is followed 

by specific discussion of the context in which futures are realised by present actions, 

approaches and orientations.  To that end chapters five and six - ‘simulation in industry’ and 

‘embodied knowledge in digital dance platforms’ - demonstrate the relationship between 

embodiment and technology. The futures perspective permeates the thesis.  It is outlined in 

literature surveyed and referred to throughout. A particular focus on experiential futures, 
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emerges in the discussion of art and industry platforms, which combine design fiction, 

embodied anticipation studies and enactive theories of cognition to describe embodied 

experiences that come from immersive participatory practices. In my discussions enactment 

is aligned and compared with experiential futures view which proves useful when unpacking 

specific works. Examples from FOam, Times Up and Blast Theory give practical explanations 

of enactment and show how physical narratives can model scenario design in immersive 

digital environments. 

Chapter five correlates research and fieldwork on simulation environments with the ways in 

which the embodied knowledge of dance practitioners can enrich the development of 

simulation practices in other industries. Simulation is defined in the context of work-based 

training and human factors and discussed in consideration of media theory. Extended and 

distributed cognition as understood in cognitive science gives an insight into how 

embodiment shifts in virtual worlds. As a point of interest on digital embodiment, sensory 

misalignment is introduced as an alternative perspective to interpret and potentially apply 

industry research on embodied experience. Haptic knowledge and tacit knowledge are also 

discussed as contributing to such processes. Artists applying their embodied knowledge 

within other industries are used as examples of cross collaboration. The importance of 

participatory practice in encouraging learning-by-doing in work-based training is paramount 

to the enquiry and the future application of its findings.  

 

Chapter six is where the core of knowledge from which all these interconnections are 

explored and through which they are articulated through discussion of the many ways to 

approach the idea of dance knowledge. These include examining the views of other 

practitioners and scholars, and by applying the concepts of mindfulness, wayfinding, guided 

movement and digital kinship. Each of these terms can be applied as choreographic tools to 

design experiences for immersive digital environments in both arts and industry. Each term 

as a formulation of a concept of process and as techniques for interaction provide appropriate 

tools and strategies for scenario design to assist the transmission of embodied knowledge. 

Wayfinding provides insight into orientation and navigation in virtual reality; guided 

movement addresses the integration of sensory nudges in immersive environments; digital 

kinship looks at how one feels connected to remote participants and avatars across mixed 
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realities; and mindfulness provides longstanding knowledge regarding the connection of body 

to awareness and environment. Each of these key terms are mentioned throughout the thesis 

and discussed in detail in chapter six as they are essential to understanding new ground in 

scenario design across industry and the arts. To reinforce these points an example is provided 

through discussion with choreographers and dance experts on their use of virtual reality as 

either 360 video or as an interactive medium. In addition, my own creative work Spheres: A 

Dance for Virtual Reality is discussed to demonstrate how knowledge gained from industry 

and the arts can influence process and outcome. What is revealed is that virtual reality 

requires a language that describes and allows it to remain distinct from other digital forms.  

 

Chapter seven is the concluding chapter identifies points of connection and potential 

collaboration across arts and industry, and areas of further research. We are living in 

unprecedented times, where community anxiety about future possibilities for industry and 

the arts is high. In a post-COVID-19 world where global mobility has been halted and progress 

in remote communication technology is straining to keep up with demand, cyber-physical 

systems are re-grouping and changing. The reliance of the performing arts on live audiences 

is fading, which is generating greater interest in cross-disciplinary research on digital 

transmission, not just as a matter of innovation but also as a matter of survival.  

 

Cyborg futures have historically enabled remote communication, and now the value of 

embodied knowledge in immersive digital environments is activating community engagement 

in experiencing and surviving a new world order post COVID-19. In my conclusion, I share 

some of the tools and insights I developed through the course of the study to point a way 

forward in both artistic and industry settings, raising awareness of embodiment where it 

exists and where it is missing. Key insights include how subjective participation shifts 

embodied perspectives in immersive digital environments in industry and the arts. The 

importance of physical languages developed through participatory practice and paired with 

emergent terms and concepts relevant to both industry and the arts, is revealed. Points of 

connection across fields are found and a proposal for interdisciplinary education and training 

influenced by future studies is anticipated. A model for transformational practice, as a 

communication strategy to build rapport across disciplines through respect for difference is 

implied.  
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Chapter 2.  Time We Are In: Cyber-physical Processes and Cyberfeminism  

“By the late twentieth century, our time, a mythic time, we are all chimeras, theorized and 

fabricated hybrids of machine and organism; in short, we are cyborgs.”  

― Donna Haraway (1991, p. 2) 

Cyber-physical processes and cyberfeminism provide a lens through which to view research 

on embodiment in immersive digital environments and a framework through which to analyse 

cross disciplinary applications. The lenses provide a way to understand and correlate 

information and approaches on participatory practice for consideration in immersive digital 

environments across futures, industry and dance. Both approaches define a period of 

inclusive and ethical thought that stretches across the last thirty years and into the near 

future. We are experiencing rapid developments in digital technology combined with new 

ways of being-in-the-world. Simultaneously, feminist voices have strived to describe this 

moment, aligning a worldview that displaces patriarchy as well as humans as the centre of 

the universe. By understanding technological systems and processes, whether they be 

hardware or software, the biological and the non-biological within a holistic schema, these 

theoretical frameworks come into view.  

We are currently observing the arrival of the fourth industrial revolution 15, which is quite 

different from the three previous industrial revolutions of steam and waterpower, electricity 

and assembly lines, and computerisation. The difference now is in how this current shift in 

processes and production challenges our ideas about what it means to be human, and how 

we embody space, time and digital worlds. This raises stimulating questions about how 

embodied knowledge is transferred and transmitted within dance and industry and how this 

can change the way we move. 

This study focuses on cyber-physical developments within industry and the crossover of these 

processes into work-based training, and follows how dance knowledge is operating in these 

systems. Cyber-physical processes are discussed here as examples of industrial developments 

within industry 4.0. The discussion includes operational structures that utilise machines, 

 
15 Industry 4.0 was introduced by Camarinha-Matos et al. in their paper “Collaborative Networks as a Core-Enabler of Industry 
4.0” (2017). “It is a policy level invention focussed on globalised production” (2017). 
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robots and computers and their associated equipment and computational networks. There is 

also a discussion about the devolution of control that is involved when these systems work 

side-by-side with people.  

 

The connection between concepts in industry 4.0 and cyberfeminist theory is best symbolised 

by the image of a person moving in their virtual reality headset. This person is experiencing 

virtual reality through the technology and participating in an immersive digital environment 

through their physical interaction. The image of the person activating a virtual reality 

application by gesturing in space, while dressed in the technology, puts the cyborg and their 

relationship to their digital environment plainly into view. Relational experiences of this kind 

can be networked, and data can be mined and accessed from remote locations. Because the 

participants extend themselves into their virtual environment through relationships with 

digital avatars and entities, they take on a cyborgian existence, and experience the beginning 

of a future in which the borders are not pre-determined but, nonetheless, hotly contested. 

The crucial thing to note here is that the co-evolution of embodied knowledge with 

technology is manifested in this image, which sits at the intersection of industry 4.0 and 

cyberfeminism.  

 

The cyberfeminists and posthumanists that have informed this research include N. Katherine 

Hayles, Donna Haraway, Karen Barad, Rosi Braidotti and political theorist Jane Bennett. These 

theorists explore the alignment between cyber-systems and humans, many of which are in 

operation in industry 4.0, and examine their co-evolution and interdependence. Hayles and 

Haraway define this era as one in which humans are inseparable from technology, evoking 

images of cyborgian chimeras flying through clouds of information. It reveals an image of 

humans who are integrated seamlessly with technology. Barad’s intra-actions, on the other 

hand, cut through cognitive divides of representation, as do Braidotti’s rejection of otherness, 

with Bennett recognising the pulse of the planet. In this chapter I consider all these theorists 

within the rubric of cyberfeminism as they offer a critical perspective on industry 4.0 and 

cyber-physical systems.   

 

Industry 4.0 is vital to the understanding of this thesis and refers to the most recent version 

of progress in the fourth industrial revolution. As defined by computer scientists Luis M. 
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Camarinha-Matas, Hamideh Afsarmanesh, and Rosanna Fornasiero, “the initial notion 

primarily pointed to a merging of the physical and virtual worlds – cyber-physical system (CPS) 

– thus leading to a CPS-based industry. Soon the idea evolved to a symbiosis of CPS with 

Internet of Things and Internet of Services, justifying the view that it represents an evolution 

towards digitalization” (2017, p. 2). The authors describe a cyber–physical industry as one 

that integrates information technology, artificial intelligence and engineering.  

 

Founder and executive chairman of the world economic forum, Klaus Schwab (2017, p. 2), 

describes the breadth of the fourth industrial revolution as including not only smart, 

connected machines and systems, but also gene sequencing, nanotechnology, renewables 

and quantum computing. Schwab makes the distinction between this current era and other 

industrial revolutions as a point of fusion between current technologies and their interactions 

across the physical, digital and biological domains. The scope of this study does not cover all 

of the elements included in Schwab’s account of 4.0 but focuses specifically on cyber-physical 

systems that are primarily concerned with embodied knowledge across both human and non-

human entities. 

 

Cyber-physical processes enable a fusion between the physical and the virtual world. Such 

systems often include physical processes monitored and controlled by computers and 

networks that feedback data when physical processes affect computation and vice versa. A 

smart factory is one that assists people and machines in the execution of tasks in a given 

context. This is accomplished by systems operating in the background completing tasks based 

on information from other virtual worlds, such as electronic documents and simulation 

models, to positioning tools in the physical world. 

 

For example, Ericsson 16, in a joint research project with Comau 17 a company specialising in 

automation, uses wireless connected sensors (pressure, temperature, vibrations, cameras) to 

create an expert system that can determine what is happening and from this predict future 

 
16 “Ericson is a Swedish multinational networking and telecommunications company headquartered in Stockholm.” 
(https://www.ericsson.com/en) 
 
17 “Comau is an Italian multinational company based in Turin, Italy and is a subsidiary of automaker Fiat Chrysler Automobiles. 
Comau is an integrated company in the industrial automation field with an international network of 35 operative centres,, 
15 manufacturing plants and 5 "innovation centres" worldwide.” (https://www.comau.com/en) 
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issues, and prevent failures. This system enables adaptability by decentralising control 

between the robots and human supervisors (Camarinha-Matos et al., 2017). Ericson is 

currently championing the 5G network as it will enable all their visions.  Roberto Sabella who 

is researcher at Ericson proposes that, “it is possible to leverage a combination of human 

wisdom and intuition together with the strong elaboration capabilities of artificial 

intelligence, artificial learning and thinking, to create solutions that provide a high level of 

industrial automation” (2019, p. 1). 

 

By connecting people and data, smart factories can provide new ways of organising and 

conducting industrial processes. Cyber-physical systems are mentioned in a range of scholarly 

papers from business and engineering with the objective of explaining and promoting 

efficiency and adaptability in the digital age and their impact upon economic models. The 

research undertaken by Roberto Sabella for Ericsson is one example of this type of research. 

Whilst many of the definitions and descriptions of these operations do not relate directly to 

the application of immersive digital environments, they do inform the broader cultural 

context of my own study. Regardless of the specific context in which they are first develop 

and applied, cyber-physical processes lead to changes in all parts of society including 

healthcare, architecture, town planning, transport and the arts. 

 

As cyber-physical systems continue to disrupt processes across all facets of industry and 

society, it is worth looking back to the voices of eloquent Cassandras (Barad, 2003; Braidotti, 

2013; D. Haraway, 1991; Hayles, 2008; Matrix, 1991; Plant, 1997), who have the gift of poetic 

and insightful visions for our future, and who predicted shifts in perspective to an integrated 

vision of machine and flesh. From a theoretical perspective, cyber-physical processes were 

first discussed in the 21st century by cyberfeminists attempting to overcome gender binary 

concepts by focussing on the machine as a non-natural and non-gendered equalising physical 

entity. This connection between feminist and posthuman theory is important as it leads the 

way to opening a discussion about the co-evolution of humans alongside machines, giving us 

a first glimpse of what Hayles coined as technogenesis (2012, p. 10). These theoretical 

perspectives are explored later in this chapter, and they reveal new developments in 

embodied knowledge gleaned from choreographic thinking within immersive simulation 

environments. It is not a matter of body versus machine but rather co-evolution and a shared 
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embodiment, which is the focus of this study.   

 

Cyborg discourse dominated this revolution, stemming from just before the turn of the 

century when feminist scholar Donna Haraway envisioned, “… fabricated hybrids of machine 

and organism; in short, we are cyborgs” (1991, p. 2). Haraway’s prophecy could be interpreted 

as a call for a new type of process mode of becoming: of smart factories driven by cyber-

physical systems, biomechanical medical rehabilitation, auto-pilot transport systems, and the 

use of digital simulation environments for workplace training. Not only was the integration of 

human and machines an important cornerstone for feminism, which until Haraway’s 

manifesto had mostly been aligned with nature rather than industry, it was also the beginning 

of a cultural shift away from the binary descriptors of them and us, machine and human, 

female and male. We are as Haraway says, all chimeras (1991, p. 2). Although Haraway’s 

current writing on interspecies kinship (2016) is not relevant to this study, her musings on 

speculative futures and science fiction (2013) are informative to the future studies focus of 

this project, which will be expanded later in this chapter.  

 

In response to cyborg feminism, my artistic peers in Adelaide - Josephine Starrs, Julianne 

Pierce, Francesca da Rimini and Virginia Barratt - formed a collective ‘VNS Matrix’ to pen and 

perform their own cyberfeminist manifesto (Matrix, 1991). Their vision influenced my work 

as a choreographer working with new media and provided a crucial resource for the writing 

of this thesis. These women, influenced by French feminists Julia Kristeva and Luce Irigaray, 

rallied against what they saw as techno patriarchies. At the same time as their peer Sadie 

Plant (1997), VNS Matrix coined the term cyberfeminism in order to question the domination 

and control of expanding cyber systems. In the early 2000s social commentator Evelyn Wang 

in her article The cyberfeminists who called themselves 'the future cunt', written for Digital 

Dazed, reported that: “There was this kind of mystique around the computer. A lot of women 

were afraid to touch them in case they were going to break them. And we were saying fucking 

break them!” (2016, np).  

 

VNS Matrix’s attitude was not only to sabotage the big daddy mainframe but also to privilege 

“the cunt without boundaries, without prejudices, without reason.” They did this through 

feminised pornographic, multi-media propaganda, as well as leading practical workshops for 
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women in how to work with computers (2016). These Australian women merged their passion 

for technology with actual technology, playfully owning the techno-jargon and smashing their 

own physicality with a language that went: “… genderfuck me baby / resistance is 

futile…upload me in yr shiny shiny PVC future. SUCK MY CODE.”  (Matrix, 1991; E. Wang, 2016, 

np). 

 

Since then, this particular version of cyborg feminism has morphed and evolved. Virginia 

Barratt joined with the xeno-feminist movement, which has similar aims to posthumnism, and 

defines itself even further against nature. In the words of xeno-feminists Laboria Cuboniks, 

“XF is vehemently anti-naturalist. Essentialist naturalism reeks of theology—the sooner it is 

exorcised, the better” (2018). The xeno-feminists advance an argument that is against the 

nature/reason divide, claiming that any assertion that rationality is 'by nature' a patriarchal 

enterprise, is to concede defeat. They state that:  

 

It is true that the canonical 'history of thought' is dominated by men, and it is male 

hands we see throttling existing institutions of science and technology. But this is 

precisely why feminism must be a rationalism -- because of this miserable imbalance, 

and not despite it.  There is no 'feminine' rationality, nor is there a 'masculine' one.  

Science is not an expression but a suspension of gender (2018, np). 

 

American feminist Karen Barad advances a transdisciplinary argument for the dissolution of 

binaries. In her posthumanism materialist view she argues that there is danger in privileging 

an anthropocentric value system and instead endorses a fluid understanding of boundaries, 

properties and matter. Barad uses the term intra-activity to indicate a process in-motion, or 

the act of doing when speaking about performativity. She notes, “… mat-ter is not a fixed 

essence; rather, matter is substance in its intra-active becoming—not a thing but a doing, a 

congealing of agency” (Barad, 2003, p. 16). Barad goes on to describes an iterative intra-

activity whereby the-one-in-the-know does not stand outside of the natural world, but rather 

is located in the world (2003, p. 29). These concepts are important in the study of embodied 

knowledge or dance knowledge, as it also does not evolve separately from a digital 

environment and its choreography but rather as a condition of possibility. 
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A similar line of argument, one that is more empathic, is found in Jane Bennett’s Vibrant 

Matter: A political ecology of things (2009).  She suggests that we should allow ourselves to 

anthropomorphise non-biological matter so that we can counteract the narcissistic view that 

humans are in charge of the world. While she does not go so far as to suggest that a newfound 

attentiveness to matter will solve the problem of human exploitation or oppression, she does 

assert that “it can inspire a greater sense of the extent to which all bodies are kin in the sense 

of inextricably enmeshed in a dense network of relations” (Bennett, 2009, p. 10). These views, 

which expound an integrated fluid relationship between all matter sit well with the theories 

of cyber-physical systems in industry, as they also do not privilege humanity but, rather, work 

with integrated relationships between the body and machine.  

 

Whilst these feminists and posthumanists are not explicitly saying that cyber-physical systems 

in industry have resulted from their contribution to business models, this study proposes that 

when these theorists critique the Anthropocene era it is for the purpose of forging bridges 

that connect theoretical aspirations and events alongside the evolutionary developments in 

industry. Industry 4.0 relies on humans, robots and “intra-actions” (Barad, 2007, p. 97) 

between all matter and systems. It requires fluidity with movement and life and a vibrancy to 

enable systems to be productive, adaptive and predictive. For this reason, the ideas from 

theory and practice need to be read together. 

 

Feminist scholar Rosi Braidotti’s writing on posthuman feminism (2013) looks into 

destabilising power relations through theories of difference. Braidotti advocates for an ethical 

position that is a post-anthocentric shift away from the hierarchical relations that had 

privileged ‘Man’ and calls for a dis-identification that can pave the way for creative 

alternatives to pronouns such as us-and-them. Braidotti‘s theories of difference move away 

from original discussions around gender difference (Cixous, Cohen, & Cohen, 1976; Irigaray, 

1993), to include the posthuman quest “to force a displacement of the lines of demarcation 

between structural differences, or ontological categories, for instance between the organic 

and inorganic, the born and manufactured, flesh and metal, electronic circuits and organic 

nervous systems” (2013, p. 89). The shift from types of difference to degrees of difference is 

precisely the scale of attention and awareness that embodied knowledge produces and 

develops. 
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Deliberating posthuman feminism in an essay titled Four Theses on Posthuman Feminism, 

Braidotti describes “a relational self that functions in a nature–culture continuum and is 

technologically mediated but still framed by multiple power relations” (2017, p. 11). Braidotti 

wants to reconfigure diversity and multiple belongings, which is in line with her position as a 

posthumanist committed to social justice and an earth-centred perspective. She also moves 

away from anthropocentric attitudes: “The posthuman feminist knowing subject is a complex 

assemblage of human and nonhuman, planetary and cosmic, given and manufactured, which 

requires major readjustments in our ways of thinking” (2013, p. 89). Moreover, Braidotti 

points out we are all part of nature and a commitment to species egalitarianism would open 

possibilities for new alliances, relations and mutual specifications. Such fluid boundaries 

suggest an embodied and embedded relationship across matter, human and non-human 

within an environment.  

 

A nomadic philosophy of radical immanence, or ‘Zoe’ as it is referred to, foregrounds 

embodiment and embeddedness that prioritises thinking with the whole body. According to 

Braidotti: “We think with the entire body, or rather, we have to acknowledge the embodiment 

of the brain and the embrainment of the body” (2017, p. 13). This principle of Zoe is close to 

Bennett’s (2009) ‘vital materiality’ which she uses to pose a political question in respect to 

how we would make better decisions if we were to give the force of things more due. 

Likewise, Braidotti champions the potential to become “creatively zoe-centered, opening up 

to possible actualization of virtual forces” and suggests that “we may yet overcome 

anthropocentrism by becoming anthropomorphic bodies without organs that are still finding 

out what they are capable of becoming” (2017, p. 33). The rallying of the vital and virtual 

forces is in tune with the ethos of my own study and, as Braidotti suggests, the alliance 

between theories of extended mind and models of distributed cognition that help emphasise 

non-human forces and usurp human centred power.  

 

A common concern among many of the authors discussed above is how to bring together a 

posthuman feminist ontology that argues for a non-anthropocentric world. Braidotti and 

Barad both support Hayles’s (2008) view with insights into the coevolution of humans and 

technology. They also recognised that as the body changes so to do cultures, which implies 

that experiences of embodiment also shift as the environment changes. Looking specifically 
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at our technologically engineered and information rich world, Hayles notes that habits, 

postures, perceptions and enactments have evolved. Similar to Braidotti who presents a 

holistic vision of a geocentric world, Hayles also offers insight into how interconnectedness 

shifts and changes the notion of the “other”. In her book, How We think (2012), she writes 

about how reading and learning styles evolve with technology. In an earlier article, “Flesh and 

Metal: Reconfiguring the Mindbody in Virtual Environments” (2002), she gives an account of 

bodies as emergent phenomena arising from a dynamic flux and interplay between biology, 

culture, evolution and technology.  

 

This raises the question of what type of cultural understanding and ethics are developing 

around the integration of robots and people in respect to power, decision-making and the 

rights of humans and non-humans. Braidotti’s posthuman ethics acknowledges that what 

binds us to multiple others is a vital web of complex interrelations. She supports moving to a 

generative notion of the complexity of geo-centred encounters, interactions, affections and 

desires. Such views about diversity, decentred power structures and transdisciplinary 

practices are important in this study on embodied knowledge, which is grounded in cross-

disciplinary practice and theory.  

 

The voices of these selected cyberfeminists from Hayles to Haraway, to VNS Matrix, Barad, 

Braidotti and Bennett, argue in their own way for a wholistic global position based on the 

recognition of ecological systems beyond the human, which includes biological and non-

biological matter and the energies that drive them. These ecologies are integrated with 

technology evolving with and through natural elements, dissolving boundaries and 

articulating the direction of further evolution. Furthermore, the descriptive language and the 

metaphors applied in their writings provides a framework through which media arts and 

contemporary performance theorists and artists can make sense of their cultural position and 

their own practices. Australian artists Stelarc 18 and Patricia Piccinini 19 are examples of artists 

 
18 “Stelarc is a performance artist who has visually probed and acoustically amplified his body. He made three films of the 
inside of his body and between 1976-1988 he completed 26 body suspension performances with hooks into the skin. He 
used medical instruments, prosthetics, robotics, virtual reality systems, the internet and biotechnology to engineer intimate 
and involuntary interfaces with the body. He explores alternate anatomical architectures with augmented and extended 
body constructs.”  (www.stelarc.org) 
 
19 Patricia Piccinini describes the personal philosophy behind her work in these words: “This is a world where things mix and 
intermingle, where nothing stays in its place. It is a world where animal, plant, machine and human unite and commingle. 
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whose work and writings express such sentiments. Stelarc and Piccinini are artists who define 

our times whilst expressing hopes and fears for the future.  

 

My aspirations are similarly future focused and reactionary towards community hopes and 

against fears. I am also inspired by a similar urgency expressed by those cyberfeminists who 

rallied against the “Big Daddy Mainframe” (Matrix, 1991) in response to a perception of 

masculine dominance in computing. I am responding to the protest of parents, researchers 

and educators towards disembodied immersive experiences. Whilst there are gaming 

platforms and educational applications that render the body secondary to purely visual 

information or hand/eye coordination, these platforms do not define digital immersive 

experiences. Once again, an embodied approach integrating human and non- human, flesh 

and machine, are better at pushing our hopes into a wholistic view of learning and 

experiencing the world through the body.  

 

The discussion in this thesis focuses on embodied knowledge, informed by theories of 

embodied cognition, as a way of understanding and expanding human relationships, non-

human and posthuman, that are connected through cyber-physical systems. Embodied 

cognition as a research area that adds to our understanding of cognition will be explored 

throughout this thesis. Embodied cognition provides a wholistic view as well as a systems-

based view whereby a situated and relational sense of the world is maintained. To this end I 

will introduce the work of those cognitive scientists who use the lens of embodied cognition 

to understand how cyber-physical systems function. It is important to note that the transfer 

and transmission of modes of knowledge that are occurring in philosophy and cognitive 

science are merging in ways similar to arts and industry. The intersection of cyber-physicality 

and cyberfeminism is a pragmatics for the application, experience and perception of merging 

the body with technology, which is now finding expression in cultural values. In my research, 

processes that reveal sensory whole-body experiences come into view through 

methodologies that explore perception, application and interpretation.  

 

 
We have to ask ourselves, if it is so hard to figure out where one thing starts and another ends, can we really continue to 
believe in the barriers that separate us.”  (https://www.patriciapiccinini.net/writing/0/463/107) 
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Chapter 3. Research Methodology and Design 

 

Immersive digital environments evoke sensory, whole-body experiences that require a 

research design that considers embodied responses to both data collection and analysis. In 

my study, interpretive qualitative measures were used to track embodied knowledge 

transmission and transfer through the lens of my dance practice. Cyber-physical systems and 

cyberfeminism underpin my research methodologies that encompass cognitive, futures and 

creative ethnographies, and set the scope for the ecology of practice under investigation. 

Each of these points come together in the intersection of participatory practices and provide 

a basis from which to question how and why people move in immersive digital environments, 

and to what end an embodied approach informs their experience. Methods used to gather 

data across participatory practices include participant observation and interviews. 

Three different fieldwork projects were selected to provide a range of perspectives across 

futures, industry and dance:  

• Digital Simulation in Work-Based Training 

• Arts Practices; Immersive Performance, Experiential Futures, Simulation and Virtual 

Reality Environments 

• Movement Study; Creating a Contemporary Dance Experience for Virtual Reality 

 

The fieldwork projects are research projects rather than case studies as each project is made 

up of a cluster of visits to experts who were interviewed and observed. Each visit focussed on 

the value of embodiment and speculations on future developments in embodiment within 

cyber-physical systems in recognition that each expert had different intentions. Each research 

project informs the others. The industry projects add value to skills, safety and efficiency in 

work environments, the arts projects fulfill creative and artistic experiences and the 

movement study reflects my understanding of the shared concepts between all the research 

projects as well as providing me with a tangible product to share and discuss with industry 

professionals. In each project researchers, industry experts and artists worked with 

simulation and immersive digital environments to progress their specific goals and each of 

these goals required an embodied process combined with technological applications that 
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enacted virtual worlds. Each of the projects, combined with literature studied to contextualise 

each field came together with equal value as an ecology of practices.  

Due to the disparate nature of these three projects, it makes sense to describe my 

methodology through what science philosopher Isabelle Stengers calls an “ecology of 

practices” (2005). The value in using this approach is that, neither dance, industry or futures 

dominates the other, but rather, each field stands on its own as fluid and malleable, 

influencing the others in direct and indirect ways. Embodied experiences and their associated 

processes spring from a variety of intentions and take different forms in each field. When 

probed through a lens that is open to change, and adaptable to each environment, future 

possibilities are given space to emerge. Stengers’ perspective helps to clarify the stance taken 

by futures methodologies, specifically embodied foresight (Floyd, Burns, & Ramos, 2008), 

which insists on sitting with uncertainty. 

 

An ecology of practices is “a tool for thinking through what is happening - here the gesture of 

taking in hand is not justified by, but both producing and produced by, the relationship of 

relevance between the situation and the tool” (Stengers, 2005, p. 3). Stengers suggests that 

“our present is something that we cannot try to understand independently from a diagnostic 

bearing on its possibility of transformation” (2005, p. 3). She warns against judging a practice 

as it is, pushing instead for an appreciation of new possibilities opening up. As noted by 

Stengers: 

 

The problem for each practice is how to foster its own force, make present what 

causes practitioners to think and feel and act. But it is a problem which may also 

produce an experimental togetherness among practices, a dynamics of pragmatic 

learning of what works and how. This is the kind of active, fostering 'milieu' that 

practices need in order to be able to answer challenges and experiment changes, that 

is, to unfold their own force. (2005, p. 13) 

 

In the case of my research projects the ecology of practice entails human interactions, 

creative development, collaborations, interviews, texts and observations of cultural 

landscapes. Through curiosity, acceptance and openness to what is strange and new, I have 
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opened possibilities for discovery and innovation in arts, industry and culture. A futures 

methodology is one that gathers ‘tools for thinking’ from literature, experts and fieldwork. In 

the context of understanding dance knowledge, I use futures methodology to activate my 

embodied response to what it means to move in simulated and immersive environments.  

In devising my methodology, I drew from the literature on theories of knowledge, and from 

this I was able to describe the methods and modes of engagement, interpretation and 

analysis. Whilst research into work-based training takes a quantitative approach, such as 

human factors task analysis, this study remains qualitative due to its ethnographic nature, 

which privileges sociocultural evidence over quantitative data. A qualitative research 

approach that includes the use of participant observation and interviews has been combined 

with an ethnographic study of the environment and social relationships in digital work-based 

training culture. An ethnography methodology was chosen to draw out the social 

relationships and interconnectedness of cyber-physical systems in each of the research 

projects. I chose theoretical frameworks that could help me compile evidence relating directly 

to those identifying features that develop foresight (futures ethnography) and interpret 

embodied cognition (cognitive ethnography).   

 

3.1 Methodology informed by Ethnography  

 

An ethnographic research method is the systematic study of people and cultures. Sociologist 

Karen O’Reilly suggests that it is, “through the practice of everyday life that one can examine 

social life as it unfolds,” (2012, p.4) and examine how one’s own role in a community 

contributes to the construction of social life. Ethnography draws on several methods including 

participant observation, peer interviews, conversations and visual and audio documentation, 

all of which I use as part of my research.  

 

Design and media ethnographer Sarah Pink (2013) defines ethnography as a process of 

representing and creating knowledge through interpretations of culture and society informed 

by theoretical principles and disciplinary agendas. Importantly, it is based on the 

ethnographer’s own experiences. In this there is no need to produce an objective account of 

reality, as the task is to present a version of the researcher’s own experience of reality that 
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reflects the context, negotiations and inter-subjectivities through which their knowledge is 

produced. 

 

Ethnography enables me to be involved in several research projects, mostly driven by project 

directors, immersed within a work environment to observe social interactions, participate in 

design development and elicited information about the views of participants. By observing 

the various interactions and events at the time they emerge, it was possible to record how 

people experience things first-hand, rather than as they were remembered after an event. 

Although I experienced industry trials and virtual reality dance works first-hand, the 

interviews conducted with the creative artists uncovered diverse reflections regarding the 

creation of the work as discussed in the following chapters focussed on industry and dance 

and virtual reality.  

 

My engagement with each research project provided a unique experience as the social 

variables changed, and as my identity moved in accordance with the relationships I had with 

the projects’ participants. At times I was an artistic peer, other times I was a research student, 

or a participant in other studies, as in the case when working with industry. When working on 

the movement study, I was the lead artist. It must be noted that my artistic practice as a 

research exercise does not frame this project, but rather informs the methodology by 

activating questions relating to embodied learning and embodied practice in workplace 

environments. As mentioned in the introduction, if artistic research was intended to analyse 

the movement study then experimental processes and artistic research questions would have 

been formulated. My intention was the focus on embodied learning within cyber-physical 

systems and the observation of the importance of participatory practice as a result of a 

cognitive and futures ethnography was key.  

 

My skills and experience as a contemporary dance choreographer guided my engagement in 

all the research projects.  Depending on the intention of each project, I presented myself 

differently to my collaborators and obtained different outcomes. This ability to adapt is a skill 

I developed as a professional choreographer and theatre director. In this research, each 

project required shifts in my identity and role, so my analysis changed accordingly. In fact, I 

used my alternative roles within each research project to assist the interviewees level of 
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comfort with my questions. I found it was not always appropriate to share my interpretation 

as a choreographic artist with each group when other’s intentions were not aligned to 

contemporary dance.  

 

My previous experience as a researcher/practitioner, particularly in my research masters 

(Neville, 2003), informed the way I collected the data as well as my analysis and creation of 

narrative structures around this data. However, in my research masters I applied artistic 

research as practice to experiment with various processes and collaborative structures, 

aiming to discover alternate outcomes for performance. The movement study for this 

doctorate had fixed goals and the processes were modelled on research in industry and other 

arts rather than on my artistic development. My findings are informed by my values around 

transdisciplinary practice, my fascination with future studies, the guided conversations I had 

in the field, and how I listened and prioritised the various physical and verbal responses from 

participants depending on how they complimented or expanded my views of dance 

knowledge.  

 

Besides defining my focus, my status as a PhD student, theorist and established choreographic 

artist defined my social relationships within each project. As advised by ethnographer 

O’Reilly, direct participation within projects helps to “experience things as the insiders do and 

thus understand them better” (2012, p. 31). Therefore, I trialled virtual reality and augmented 

reality user studies and transferred the same process to participants in the movement study. 

I was reflexive around social structures as they emerged, and maintained an awareness of my 

flexible role in the research environment as well as those of others. 

 

The techniques and methods that make use of this methodological perspective include 

written documentation of observations, and interviews (see interview questions Appendix 3) 

and discussions in the form of research project journals. I collected visual and audio 

documentation to find associations and patterns between what was said, and the images 

captured within this context. As Pink discusses in Doing Visual Ethnography (2013), visual 

images and metaphors are intertwined with ethnography. As she says: “Just as images inspire 

conversations, conversation may invoke images; conversation visualizes and draws absent 

printed or electronic images into its narratives through verbal descriptions and references to 
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them. In ethnography images are as inevitable as sounds, smells, textures and tastes, words 

or any other aspect of culture and society” (2013, p. np). Likewise, the futurist culture lab, 

FOam, advocate collecting images as starting points to develop speculative scenarios. Hence, 

the use of a visual ethnography was an obvious way forward for this study and it resulted in 

an image board when devising Spheres: A Dance for Virtual Reality, the work resulting from 

my movement study.  

 

When collecting images Pink mentions the importance of being aware of gender, using Laura 

Mulvey’s seminal discussion of the gendered gaze and the objectification of women by a male 

gaze (1989). The notion that the identity of the observer holds its own bias serves as a timely 

reminder to be diligent about the social relationships within a group. Pink (2013) suggests 

that to overcome these power relationships, visual, moving images and audio data could be 

collected by the participants and not only by the researcher. In this way power relations can 

be broken down and collaborative practice can be equalised. Processes where there is an 

equal distribution of power, as well as a transdisciplinary perspective, provide a richer and 

more diverse outlook. Opportunities to design data collection methods that are informed by 

a distributive collection will be discussed in the next section. 

 

Pink’s writing assisted me in narrowing my research to the corporeal while staying abreast of 

contemporary methodologies. She also introduced me to imagination-based research 

methods as defined by social anthropologist Iain R. Edgar (2004). Imagination, future studies 

and scenario design all rely on ‘what if’ speculation. This emerging area of ethnography, which 

explores the edges of consciousness, correlates with the creation of scenario designs for 

virtual and simulated environments. This approach did not dominate my methodology; 

however, it does fit neatly within the junction of ethnography and the futures methodology. 

Imagination based research considers the cultural structures of the unconscious as well as 

contextual studies of narrative accounts of visual imagery. 

 

According to Edgar, experiential research methods, such as image-work, can elicit and evoke 

implicit knowledge and the self-identities of respondents in a way that other research 

methods cannot. The process is one where participants are motivated to connect with a 

stream of conscious images and connect this with an event. Edgar suggests there are a few 
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ways of going about this, including eliciting memory, asking a respondent for a visual response 

to a question, or leading them through a guided journey much like the meditative practices 

of some religious or yogic practices. Analysis can be on several levels: description, meaning, 

models of description and comparison. From there insights and meaning may be gleaned in 

consideration of verbal and nonverbal responses (2004, p. 2). 

 

Eliciting spontaneous narratives of images from participants’ imagination fits with futures 

methodologies; however, my intention is to focus participants’ imaginations on speculative 

questions about the future of embodied knowledge in industry, and emerging performance 

forms. Connected to the interpretive design of Edgar’s methodology, but more relevant to 

this study, was the ethnographic practice of Textor (1995) as well as Ethnographic Terminalia 

(Brodine et al., 2011), which is a collective of anthropologists who are committed to exhibiting 

anthropology in a conversation with contemporary art practices similar to the experiential 

futuring practices of Times Up and FO.am.  

 

These ethnographic collectives create embodied experiences through an installation 

environment and employ a variety of media, artistic techniques, and machines to probe the 

outer reaches of historical and symbolic imagination. The emphasis is on making creative 

work that reflects their research. I took inspiration from this and applied the knowledge I had 

gained through my own research data collection to create Spheres: A Dance for Virtual Reality. 

Ethnographic Terminalia. The purpose was to seek ways of presenting research that can be 

experienced through multi-sensory installations and, as a researcher-practitioner, the work 

appealed to my creativity in terms of integrating practice-led aspects into the method of social 

science ethnographies. Similarly, Times Up who describe their activities as a laboratory for 

the construction of experimental situations, create physical narratives 20 that contain 

artefacts of possible futures, as well as offering embodied experiences that reflect futures 

similar to the way Ethnographic Terminalia encourages a reflection on the past. Each of these 

 
20 “Physical narrative (PN) can be described as a theatre without actors, where spectators become engaged participants, 
playfully discovering futures by experiencing physical spaces, objects and media. A PN is an explorable world, an open 
scenario rather than a singular story, PNs take the form of immersive installations where entangled fragments of scenarios 
can be experienced through all the senses as a self-contained, aesthetically coherent reality. Direct experience of scenarios, 
when presented as physical prototypes, entangle the participants with alternatives to the status quo, and suggests that 
futures can be proactively influenced by those who engage with them.” (2012) 
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approaches shares a theoretical background with experiential futures as designed by Textor 

(1995). 

 

 

Figure 1. Lucid Peninsular, Future Fabulators – Times Up, 2014. Photograph by Times Up CC BY SA 2.0 

The creative, transdisciplinary methods employed in displaying data through artistic 

installations that engage the imagination through an embodied response is similar to scenario 

design for virtual reality. Methodological frameworks that elicit these types of embodied 

responses are preferable, as they engages directly with the core question of this research, 

which is the transmission and transfer of embodied knowledge in immersive digital 

environments. Conditions that inspire participants to engage their imaginations, senses, 

embodied awareness and to share this through speculative storytelling, is a sentiment shared 

by both Edgar and Textor. This similarity led me to learn more about futures ethnography. 

 

3.2 Futures Ethnography 

 

Ethnographic futures research as established by Textor as set out in his seminal paper 

Ethnographic Futures Research Methods: An application to Thailand (1995) is currently being 

revitalised. Increasing interest in the area spear-headed by foresight practitioner, designer, 

artist and educator Stuart Candy (2019) brings focus to methods that elicit images, cognitive 
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practices and values with respect to probable or possible futures for a particular cultural 

group. The goal is to gain insight into the specific changes within a sociocultural system from 

one time-period to another. This research method is useful for investigating fields that are 

forging innovation, like immersive digital environments in work-based training, and current 

contemporary arts practices working with mixed reality. 

 

Images of preferable futures can also influence change. It is these images and preferences 

that an ethnographic futures method can elicit, describe, summarise, analyse and interpret 

within the tradition of social science and ethnography. According to Textor, there are no 

future facts because the future is only a construct, so there are only facts about the past and 

present. As a result, Textor cultivates the art of anticipation as a way of countering 

tempocentrism, the act of paying too little attention, or the wrong kind of attention, to the 

future (1995, p. 4). Tempocentrism occurs when people are caught by a lack of awareness or 

lack of motivation towards long-term planning. Within my research, I probed possible futures 

within fast evolving fields and in doing so I was able to bring the theories from Textor’s 

methodology into the methods I used to interview and observe participants. 

 

It was important for my interviews to have a focus, but equally important to keep them 

loosely structured and driven by the interviewees so as not to drive bias. Textor believes that 

interviews informed by an ethnographic futures methodology should be a collaborative and 

shared task through which the interviewer and interviewee develop a scenario, or an 

imagined future history. Textor’s approach is useful when speculating about possible futures 

with interviewees. Textor also advises to keep questions non-directive, non-judgemental and 

non-manipulative in style and content; however, the interviewer can ask probing questions 

to elicit clarity, comprehensiveness, contextualisation and coherence (1995, p. 462). This 

perspective drove the nature of my interviews across conversations and formal interviews 

with industry and arts practitioners alike.  

 

Contemporary futuring methodologies also support a flexible responsive approach to 

methods that shift and change in response to the views of respondents which are co-formed 

in an expansive and speculative conversation. At FOam, experience designer, artist, futurist 

and process facilitator Kuzmanovic, and sound artist, designer, futurist and programmer Nik 
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Gaffney, suggest that “combining such a disparate range of techniques in a futures exercise 

can extend the predominantly analytical strategic foresight methods to incorporate the 

benefits of multimodal learning and understanding (e.g. critical, emotional, provocative, 

creative, etc.)” (2017, p. 112). The benefits of conducting a futures orientated interview to 

study the use of digital and immersive environments is that the participants are already 

speculating on the next iteration of their experience or training program.  

 

However, in considering the variety of peoples’ backgrounds, which ranged from arts to 

industry, choosing the right technique depends on a participant’s background and social 

context, and their awareness of the researcher’s intentions and assumptions. As strategic 

foresight strategist Josh Floyd, information technologist Alex Burns, and action foresight 

specialist Jose Ramos all concur: ‘‘Methodology, though, is about more than the tools used: 

it involves careful attention to the stance taken by the practitioner in the use of tools to enact 

knowledge and understanding’’ (2008, p. 69). When applying futures ethnography in my 

research, the stance I took was to continue to return to my research questions about 

embodiment in simulation and immersive digital environments. Variations on questions 

probing how experts imagined embodiment and technology evolving together, kept my 

research on track and the way I asked these questions in flux. I kept close to mind my own 

embodiment acquired through my own dance background in relationship to technology. 

 

In most cases interviews took place as part of visits, after I trialed the simulation or art work, 

so my experience informed how I devised questions.  For example – when interviewing 

aviation expert Andrew Stunnel from SA Sims, I first listened to him talk about the necessity 

of pilots identifying with a digital hand to best manipulate the technology in a digital 

simulation. I then asked how this simulation might develop in the future to allow the pilot to 

understand the flying task better. Stunnel replied with speculative suggestions including 

developments with haptics and the challenges with continuity in technological systems. As a 

point of connection but difference, after trialing choreographer Alex Whitley’s work I asked 

what would this feel like if I had a body? He answered by telling me about a current 

development in which virtual reality headsets were networked so a partner’s body was 

perceived as close inside the virtual reality experience, with the aim to offer a social 

experience. We discussed whether the participant could or should be able to see their own 
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body in the work and how Whitley had attempted to represent an extended body experience. 

In each of these examples I questioned embodied awareness through questions aimed at the 

intentions of the expert. 

 

The ethnographic futures framework within the research projects drove my intention to push 

the work in the direction of the near future. In observing how things evolve and the hopes 

and fears of participants for future developments, helped shaped the narrative in the 

reporting, describing and analysis of the fieldwork. Questions about the future pushed the 

participants to self-reflect on where they are, and to better understand where they may be 

going. This practice maintained a sense of mindfulness and self-awareness that gave the 

research an openness to new developments. Each participant was asked their views about 

where their research, work or practice was heading. These questions opened up speculative 

and imaginative spaces so that the participants could join me in the development and 

evolution of their own stories. Futures ethnography provided the verbal response to my 

questions on embodiment across arts and industries, while cognitive ethnography allowed 

me to observe bodies.  

 

3.3 Cognitive Ethnography  

 

Cognitive ethnography is a term championed by anthropologist and cognitive scientist Edwin 

Hutchins, and cognitive scientist and computer scientist James Hollan (2009). It describes a 

study focused on cognitive processes as they are enacted in naturally situated activity. This 

approach is conducive to working with mediated environments as it can be applied across 

systems. Cognitive ethnography is used to investigate the functional properties of distributed 

cognitive systems, including verbal and non-verbal communication modes across digital and 

non-digital matter, whether they are embodied, implicit or explicit. This approach also seeks 

out meaning within negotiated social practices, attending not only to action but also silences 

and stillness. As a result, the meanings of actions are grounded in the context of the activity, 

and what is studied is the participant and their actions and how they arrange information in 

the world around them. By focussing on events, cognitive ethnography looks at how people 

use what they know to do the things they do. This approach provides a defined framework 
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for eliciting evidence about the potential for transmission or transference of embodied 

knowledge between participants.  

 

Cognitive ethnography is also useful in analysing how cognitive processes unfold in real world 

settings. Robert Williams (2006) defines cognitive ethnography as an event-focused method 

for investigating how cognitive activities are accomplished in the world 21. His methodology 

describes how knowledge is constructed and used, which enables him to extend ethnographic 

research in the direction of process analysis. Williams also notes that cognitive ethnography 

can inform simulation studies by providing detailed descriptions of the phenomena we wish 

to simulate. Both process analysis and the detailed description of phenomena is important 

when collecting data about the evidence of embodied knowledge transfer. 

 

When considering technological change, cognitive psychologist Linden Ball and psychologist 

Thomas Ormerod (2000) utilise cognitive ethnography because it helps identify observational 

specificity, verifiability and purposiveness. They also recognise the practice of design as a 

situated endeavor (Ball, 2000, p.4), which is particularly relevant in organisations where the 

practices, structures and social interactions shape both the final design of products, and the 

processes by which those products are produced. In such situations, a cognitive 

ethnographical approach is integral to the industry processes as the understandings derived 

from these situated practices can be transferred to the way cognitive artifacts are utilised 

within processes, such as team-based tasks. By studying the cognitive artifacts that team 

members create and use within their environment one can also reveal the cognitive processes 

that are used by that team. 22 Digital assets selected by a collaborative team working on a 

scenario design for virtual reality are examples of cognitive artifacts.  

 

When interviewing, observing and interacting with experts in arts and industry, verbal 

communication did not always dominate. For example, motion capture expert James Wilson 

 
21 Robert Williams in his paper, Use of Cognitive Ethnography to Study Instruction (2006), explains how cognitive ethnography 
looks at processes and the moment-to-moment development of an activity in relation to sociocultural practices as they 
unfold on different time scales. 
 
22 More information on this type of data collection can be found in a cognitive ethnography study by human factors expert 
Christopher Nemeth, healthcare expert Richard Cooke, medical director Michael O’Conner, and anaesthetist P. Alan Klock in 
their paper Using Cognitive Artifacts to Understand Distributed Cognition (2004).  
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used gestures and physical relationships to space to demonstrate and communicate an 

introduction to motion capture technology and processes for the dance students participating 

in the movement study. Wilson also inferred Malani’s assistance with the capture and as a 

teacher included the dancers/ participants in all elements of the technological process. The 

working process was physical and verbal and interpreted and analysed through a cognitive 

ethnography lens and as an embodied exchange of skills and knowledge.  

 

3.4 Extrapolating Methods from Ethnographic Evidence 

 

The broader methodologies outlined above provide a general framework for my study, 

however, the research methods that are informed by cognitive ethnography and futures 

ethnography were devised specifically to give the research a clear intention and direction. 

Whilst each research project was considered as unique, there was some crossover in 

approach, research design and methods. The research methods I use comprise specific 

strategies for collecting data and govern the way in which this data is interpreted and 

analysed. As noted earlier, my research methods include participant observation and 

interviews conducted as part of my fieldwork, and my dance knowledge and choreographic 

practice is used to collect data through my own somatic response.  How I felt engaging in a 

simulation or artistic experience directly informed my understanding, helped me devise 

questions at the time and assisted me communicate to experts from a wide range of fields.  

 

The cognitive ethnographic approach adds specificity to the research design by extrapolating 

interpretations of the transfer and transmission of embodied knowledge and dance 

knowledge within immersive digital environments, including dance, industry and futures. My 

thesis aims to provide a wholistic, sociocultural perspective to workplace environments by 

focusing on cyber-physical systems and narrowing the view to highlight the embodied 

cognitive framework, as well as the modes of transference and transmission. The cognitive 

ethnographic methods I use in the research are qualitative and driven by socio-cultural 

perspectives, rather than systems of thinking and computing. However, seeking ways to 

interpret knowledge transfer and dance knowledge required me to focus questions and 

observation methods in a way that could shed light on the specific physical language 

characteristic of immersive digital environments. 
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My extensive experience as a choreographer has enabled me to read bodies and how they 

move. Through observation I could see whether a person is aware of their body and where 

the focus of their awareness resided at any particular moment, whether that be in their body 

or projected into objects or digital environments. For some people where they looked 

indicated where they focussed, for others where they distributed their weight was insightful 

of their attention and others might step towards or away from a point of engagement which 

could indicate an emotional response as an indication of engagement.  In this study, theories 

from embodied cognition such as distributed, extended, and enactive cognition have been 

placed alongside of concepts such as mindfulness, wayfinding, guided movement and digital 

kinship all of these concepts are explored in depth in chapter six. The aim in using these 

conceptual constellations is to amplify the connections between these concepts, and to 

provide evidence of the transmission and transfer of embodied knowledge in immersive 

digital environments in all three of the research projects. For example in both dance and 

educational technology virtual reality applications I observed the use of avatars extending 

away from participants’ bodies for different reasons. Each concept informed the observation 

processes by providing a framework for specific conditions and behaviours in the workplace 

that was subsequently documented and analysed. Keeping these attributes in sight meant 

that the interview questions had to be shaped in a way that would allow interrogation of how 

the behaviours arise and what factors contribute to them. 

 

A posthuman view, as evolved from cyberfeminism, is also pertinent to cognitive ethnography 

as it speaks to systems and interrelationships that are difficult to understand in their entirety, 

but at the same time must be understood in connection to society. As N. Katherine Hayles 

reminds us, “every day we participate in systems whose total cognitive capacity exceeds our 

individual knowledge, including such devices as cars with electronic ignition systems, 

microwaves with computer chips that precisely adjust power levels, - fax machines that 

warble to other fax machines, and electronic watches that communicate with a timing radio 

wave to set themselves and correct their date” (2008, p. 37). Whilst Hayles’ example is 

outdated, her point is that we understand how technology works within our daily life through 

its connection to the environment. Humans and machines working together is a further 

development in the construction of distributed cognitive environments, which is not new. 
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Within a posthuman perspective, the human connects with the cyber-physical system in such 

a way that both human and nonhuman do the thinking, each shaping the other. A cognitive 

ethnography can assist in analysing the flexible, adaptive structures that coordinate our 

environments, and the narratives that drive them. Placed alongside a futures ethnography 

this can assist us to become self-reflective so we can “… fashion images of our- selves that 

accurately reflect the complex interplays that ultimately make the entire world one system” 

(Hayles, 2008, p. 37). In all the research projects participants were observed moving and 

collaborating between people and technology. Scientists, teachers, developers and dancers 

in front of computers, wearing headsets and actioning tasks in digital environments. The 

choreography of people, machines and data makes for a rich description of cognitive 

ethnography.  

 

Futures can provide a tension of possible, probable and possibly undesirable developments, 

and for those people who work closely with technological advances it can reveal a paradox in 

contemporary society. As Rosi Braidotti explains, “genetically recombined plants, animals and 

vegetables proliferate alongside computer and other viruses, while unmanned flying and 

ground armed vehicles confront us with new ways of killing and dying” (2016, p. 18). All this 

becomes food for speculation about the state of the world and the hopes and fears of its 

occupants. In this way, posthumanism provides a reflection on current culture and provides 

philosophical commentary on how cyber-physical systems are energised and connected. The 

direction of how this evolution develops can be elicited from participants’ responses to 

questions about current practices and future developments. Each research method 

compliments the other by drawing out questions of how embodiment is transmitted and 

transferred in immersive digital environments. The following discussions explore specific 

situations in which the methods, the participants and the ethnographer cross paths and 

exchange thoughts on current and future practices. 
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3.5 Research Projects and Research Methods 

 

a. Digital Simulation in Work-Based Training	

The umbrella term “industry” covers an extensive array of applications; however, the ones I 

selected were computer science research, simulation for aviation, virtual reality for brain 

injury rehabilitation, and simulation for rail. These areas cover high-level research across 

tertiary institutions, commercial enterprises, and across manufacturing processes where 

there is current research on moving virtual objects through whole body movement. The 

specific applications I focused on included aviation and rail, where digital simulators are 

utilised for work-based training, and healthcare specifically rehabilitation for brain injury and 

physiotherapy. These industry research projects were chosen because they approach training 

and skills development through embodied practices. The institutions that took part in in my 

study included the Empathic Computing Laboratory and the Wearable Computing Laboratory 

based in the University of South Australia’s School of Information Technology and 

Mathematical Sciences. I also spent time at South Australian Simulations 23, Add Life 24, and 

Sydac, which is a commercial train simulation centre 25.  

 

The initial intention was to partner with a research centre at either Deakin University or 

Coventry University and look at one project over one year in depth as a case study. When my 

communication attempts failed to interest the universities, I relied on making contact with 

potential participants through human factors, futures and dance networks. I recruited 

 
23 “SA Simulations provides products and services for the civilian and defence market, supplying toolsets for the creation of 
custom PC desktop and joint training solutions with an emphasis on rapid iteration and strong after sales 
support.”(http://sasimulations.com/) 
 
24 “Add-Life Technologies is a company specifically focused on helping people with their rehabilitation in cognitive abilities, 
fine motor skills, and co-ordination through the use of emerging technologies. ALTO: A virtual reality rehabilitation solution 
for stroke is an example of their work. It consists of a library of virtual reality environments where an individual performs 
their rehabilitation in a fun and engaging way, which in turn increases their motivation to do the exercises. After an individual 
completes an exercise, their data is stored securely in the cloud. This data can be viewed later, and the progress of a patient 
is tracked efficiently and accurately.” (https://www.add-lifetech.com) 
 
25 “Sydac	is	a	world	leader	in	driver	training	simulation	solutions	with	25years	experience	and	clients	across	the	globe.	
With	 over	 150	 employees	 dedicated	 to	 driver	 training	 simulation	 activities,	 including	 engineers,	 electricians	 and	
graphic	 artists,	 Sydac	 has	 developed	 a	 broad	 variety	 of	 simulation	 related	 products	 and	 services.”	
(https://www.oktalsydac.com/en/) 
	
 



 42 

participants who were interested in talking to me as an artist and researcher and instead of 

relying on a case study, I put together a collection of visits to experts to provide a broad scope 

of views to highlight disparate intentions with shared values for embodied practice. I made 

contact with Empathic Computing Laboratory and the Wearable Computing Laboratory based 

in the University of South Australia through an introduction from Kirsten Alford, the director 

of the Art/ Science Museum MOD. Kirsten is an artistic and academic peer who is aware of 

my involvement the field of Futures through European projects. I connected with Andrew 

Stunnel from South Australian Simulations through the owner of a yoga studio I was employed 

at. A dance peer who had collaborated on a 3D dance project with Daish Malani from Add Life 

Technologies set up a meeting with Malani, and human factors expert Matthew Thomas had 

an acquaintance who is an educator at Sydac and suggested I visit the centre. Each of the 

participants volunteered to be part of the study through communities I am connected to in 

the arts, academic research, futures and human factors. By using my networks I extended 

myself into fields not always associated with dance.  

 

I approached this research with the proposition that whole body learning informs the transfer 

and transmission of embodied knowledge. My position as a researcher in each of these 

industries was as a visitor and observer of other people’s research and day-to-day operations. 

Whenever possible, I took the opportunity to trial the technology, begin a conversation with 

the lead researcher and/or interviewed them formally. Informal conversations were recorded 

in my journal and formal interviews were recorded. In some cases, still images documented 

my own actions within a study. 

 

Interview questions varied from formal to informal depending on my relationship to each 

participant. The questions were informed by experience of the simulations or arts experiences 

and iterative in the depth of knowledge gained through each subsequent visit with experts. 

For example the broad questions – How would you describe embodiment in your field? Or - 

Why do you use simulation? Were peppered into conversations with participants at 

appropriate moments and as the research developed I acquired accumulative knowledge. The 

questions asked at Sydac were formal and naive as this was my first interview, after which, I 

took information learnt about the value of risk management, high or low fidelity simulations, 

the presence or absence of animated bodies on a digital platform and the behaviour of train 
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drivers attempting to trick simulations to my next visit with experts. With this knowledge I 

attended the Simghosts conference where I spoke to an actor working with moulage about 

fidelity and rehearsal. While this conversation was not reported in the study I gained 

information in healthcare to feel confident asking Daish Malani about brain rehabilitation. 

Malani spoke to me about trial and error and gamification and encouraged me to recognise 

that applications had to be physically tried to gain a physical understanding. Information from 

Daish, took me back to contemplating the haptic and tacit learning of the truck drivers at 

Sydac.  

 

As an artist researcher, I attuned myself to the conversations that the multi-disciplinary teams 

used when developing scenario designs, looking at the way participants communicated both 

verbally and physically to create a simulation. My intention was to identify those 

transdisciplinary processes and compare them to choreographic and rehearsal processes. My 

interview questions focused on the transfer and transmission of embodied knowledge, so a 

cognitive ethnography was applied whereby I could collect data that focused directly on 

embodied cognition and its transfer and transmission. By observing bodies in groups and 

individually in contact with each other and with technology I was able to read the processes 

involved. Most insightful were the experiences I participated in like those at the empathic 

computing laboratory and Add Life technologies as I could put together my observation of 

others, personal experience and share a conversation about physical sensations, awareness 

and embodiment with experts.  

 

Two other questions drove my enquiry: 1) how is embodied learning connected to embodied 

foresight; and, 2) how might this type of project develop in the future? These questions were 

answered by framing interviews and discussions through a futures ethnographic focus 

designed to elicit hopes and fears for the future by asking the participants to speculate where 

their research is heading. When asked about the future potential of virtual reality, 

participants drew on their own experience as well as societal wishes and fears. Future 

speculation mostly depended on the capabilities of the current technology and potential for 

development. Participants were able to mention points of discomfort, or limitations in their 

own physical relationship with the technology. For example, researchers at the Empathic 
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Computing Laboratory mentioned the limitations of moving freely with a tethered device. 

Other speculations are revealed in the following chapters. 

 

a. Arts Practices: Immersive Performance, Experiential Futures, Simulation and Virtual 

Reality Environments 

Being more comfortable with arts-based processes, my site visits were more casual with more 

peer enthusiasm for my research. Each of the visits were selected from those available to me 

through arts networks, geographical proximity to Australia and Europe and current 

developments and performances scheduled in 2018-19. I visited each art project and used 

participant observation and interviews to collect the data. As with my work in industry, 

discussions with key participants guided the discovery of different languages and highlighted 

areas where knowledge bases could intersect. My questions focussed on the creation and 

motivation behind the dance work and concluded with questions relating to the hopes and 

fears for the future of this field of work. These conversations were recorded, transcribed and 

reinterpreted through the lenses of embodied cognition, transdisciplinary practice, cyber-

physical processes, futures and movement studies. The conversations also enabled me to 

express my own position as an observer.  

 

I trialled the virtual reality experiences first-hand, so I could apply my dance knowledge 

directly. My understanding was developed through my knowledge of rehearsal techniques, 

movement practices taken from everyday tasks, and the potential for improvisation. I sought 

evidence of cognitive attributes that were embodied in the distributed cognitive activities of 

mindfulness and the extended body, as well as identifying emergent attributes for further 

investigation. The information gained through observing and interviewing choreographers 

and performance makers, and experiencing their creative work in virtual reality, educated me 

in how to choreograph dance for virtual reality. I was able to identify points of connection 

between verbal and physical languages, and identify specific choreographic tools such as 

mindfulness, digital kinship, wayfinding and guided movement, all of which were required to 

create my own version of a virtual reality application.  
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Using similar points of focus with arts as with industry in the interviews, my strategy was to 

bring the topic of embodiment into a conversation and ask about the artists interest in virtual 

reality. Having already been informed by conversations with industry experts I used my 

knowledge as a sharing point with participants who in this case were peers who sought some 

exchange. One of my first conversations was with choreographer Gideon Obarzanek who was 

very excited to explain how virtual reality had the potential for the audience to experience a 

more intimate relationship with the dancers than when they were on a stage. Obarzanek’s 

enthusiasm for the potential for real-time performance or sports action whereby the 

audience is caught in the middle of the action, revealed virtual reality as a medium yet to be 

fully explored by dance artists or sports journalists. The way Obarzanek described the 

potential of virtual reality as a first person, intimate sensory experience included new possible 

directions for the future of arts, sports and entertainment. The knowledge gained from this 

conversation was invaluable when discussing proximity in the work of choreographers 

interviewed after this point. 

 

b. Movement Study: Creating a Contemporary Dance Experience for Virtual Reality 

In this research project I put into motion my own artistic process, creating the choreographic 

work Spheres: A Dance for Virtual Reality. The opportunity to choreograph a new work was 

provided by a commission by the Adelaide College of Arts/ Flinders University. The 

participants involved included seven third year dance students and the creative team 

(developer, composer and interaction designer). Applying knowledge of everything I had 

learnt so far, this project served as a reflection of ethnographic research conducted in industry 

and arts research projects. Influenced by the quality of art works I had visited as part of my 

research, and the methods in scenario design employed in both arts and industry, I explored 

how to apply this knowledge and the choreographic tools of mindfulness, digital kinship, 

wayfinding and guided movement. Adding to my established creative development processes 

was simulation and a futures methodology for developing scenario design, which changed 

and evolved my practice. Simulation as a method for creating a scenario design was applied 

in the dance studio to trial possible futures for the participants’ interaction with the virtual 

reality application. The dancers’ ideas to develop the scenario were then fed back to the 

developer who made changes to the program based on those ideas.   
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I established an understanding of dance knowledge specific to human-computer interaction 

that I could share with an audience through an immersive digital experience. I extended not 

only my practice but also the potential to share languages, both physical and verbal, around 

participatory experiences across industries. The attributes and value of my dance knowledge 

served as bridges from my experience to investigate a broader range of processes and 

outcomes beyond contemporary performance practice, to focus on participatory experiences 

within digital environments.  

 

Participatory observation drove the documentation of this movement study and the analysis. 

This work was intended to be experienced through interactive devices embedded in the 

scenario design, so the mechanics of how to build the work was based on feedback from the 

collaborative team. As the choreographer in the Spheres project, I led the research through 

my artistic practice to create the dance work, with the design driven through a collaborative 

practice with the dancers, the developer James Wilson, interaction consultant Daish Malani, 

and composer Matthew Thomas. The opportunity to initiate a movement study was made 

available through a choreographic commission from the Adelaide College of Arts. The dancers 

were third year students who agreed to take part in my research simultaneously to creating 

a new dance work with me. The rest of the artistic team were recruited by me when identified 

as having skills that best fit the project. Improvisation was used as a tool to generate 

movement content, as well as providing a structure to rehearse responses to various 

simulations. As a choreographer I was able to describe the project and reflect on it as it 

developed through my own choreographic practice. When using dance as a form of research 

inquiry, I observed participants in action within a choreographic cyber-physical system, 

working with each other and digital entities and avatars. 

 

A video camera placed in the dance studio and the motion capture lab documented the daily 

activities in the development of these simulations for performance. As I became more familiar 

with points of interest, I focussed the camera on the participants’ specific actions, zooming in 

and out to capture the development of emerging physical languages. Points of interest were 

movements that developed specifically in the context of a virtual reality application; for 

example, movement suggesting social interactions between the avatar and the participant. 
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Observing these movements allowed me to think across small and large-scale systems where 

everything is connected, which is a basic tenet of Hollan’s and Hutchins’ (2009) cognitive 

ethnographic methodology. I was interested in applying not only dance knowledge to 

document the strength of the dance attributes, but also to observe and document the 

evidence of embodied cognition, distributed cognition, extended body and mindfulness. 

 

A feminist perspective informed the way I led the ethnographic study by distributing the data 

collection amongst the participating dancers as a way of undermining the hierarchy of the 

gaze. This approach is consistent with the work of Pink, who suggests methods that 

“reinscribe the power relations in fieldwork include(ing) giving respondents video cameras 

with which to make their own video diaries” (2013, p. 208). The students used their phones 

to collect video and photographs, and Matthew Thomas and I used these to document and 

captured the process. These documents have been edited into a selection of images and 

videos for presentation purposes (see appendix 1). Audio recordings of conversations were 

analysed to shape the questions that were used in the informal discussions and formal 

interviews. These questions centred on what embodiment meant for each dancer, which led 

me to identify a gap in their understanding of motion capture. The dancers began the process 

thinking the dance data would represent only their dancing form and learnt from experience 

that the technology also captured the quality of their movement. 

 

 
Figure 2. Motion Capture for Spheres: A Dance for Virtual Reality by Sarah Neville, 2019. The Creative Computing Studio, 

Digital Transformations Group, University of South Australia. Photograph by Matthew Thomas  
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Educational artistic discussions with the dancers set the tone of the discussions around this 

project. The questions and proposals that the dancers brought to the project defined the 

evolution of the vocabulary and the content of the formal interviews with the students. I 

worked with their vocabulary and level of understanding with the aim of extending both 

through further educational lessons. These conversations were transcribed after recording 

and reinterpreted through the study’s fields of focus, as well as giving voice to my position as 

a choreographer. I noted my observations in a journal, which led to the formation of further 

questions in respect to the perceived gaps in either the students’ understandings, or my 

desire for the development of the creative work.  

 

Whilst vocal responses are the main communication mechanisms in interviews, I did observe 

body language and gestures. I took these to be demonstrations of thinking through the body 

and so I investigated whether the dancers also identified with these forms of physical 

communications. Both a futures and a cognitive ethnographic methodology in the creative 

development as well as in the final design informed the process in creating Spheres: A Dance 

for Virtual Reality for Oculus Quest.  

 

3.6 Creative Ethnography: Interpretation and Analysis 

 

The fieldwork involved in these three contexts enabled me to interrogate my research 

questions by directing my enquiry and interactions with those involved in the selected fields 

of interest. I engaged in a set of events and experiences including interviews with artists, 

observations of the development of simulations, and participation in participatory 

experiences. The theoretical frameworks relevant to this investigation included: cyber-

physical processes and posthumanism, futures, attributes of embodied cognition and dance 

knowledge. All of these contributed to the development of my own perspective which was 

informed by my professional experience as an artist. 

 

With an eye on how we move with and within our environment, and with each other, allowed 

possible futures to emerge. Therefore, participating directly in immersive digital simulations 

within industry contexts, or arts-based applications, was the most informative method of data 

collection regarding sensory experience. By engaging directly with artistic works and 



 49 

simulations for work-based training, I was able to gain a whole-body experience and 

understanding, which could be crossed checked with the literature, interviews and 

discussions. It was from experiencing these applications first-hand that I could identify facets 

of embodied cognition and discover further insights that framed and defined this research. 

For example, being able to actively change my environment through movement in virtual 

reality, which I describe in the following chapters, made me connect agency and participatory 

practice to embodied knowledge.  

 

Knowledge gained from participatory observation informed how I communicated with each 

expert in interviews and informal discussions. I used a consistent line of enquiry to probe 

embodied knowledge and experience but differed in approach and outcome depending on 

the intentions of each participant’s projects, the focus of their study and their relationship to 

me. In each case I applied knowledge gained through my professional practice as a 

choreographer which included how I observe movement in an environment, and a case-by-

case shifts in my approach depending on the intention of the expert’s own research.  

 

Communication that was in tune with the aims and goals of the participant required 

developing relationships of mutual understanding and respect. I found that I improvised and 

adapted questions to draw the most valuable information from the participants, much like 

drawing the best performance from a dancer. Intuitive communication underpins my 

methodology driven by the focus on the application of embodied knowledge and experience 

from case to case.  My methods are personal, informed by my experience as a dance artist, 

yet translatable to other dance artists with similar knowledge and experience. The similar 

knowledge and experience I am referring to are embodied awareness, an ability to read 

bodies and physical languages and transformational skills to shift personal approach from 

experience to experience, sensitive to alternate ways of interacting and understanding. 

 

Formal interviews about the value of transferring or transmitting embodied knowledge 

provided valuable insight into the importance of cross-disciplinary communication within 

such environments. Rather than identifying a shared vocabulary, or shared intention for 

embodied learning in immersive digital environments, it was important to recognise 

differences and, in response to this, shift the communication by understanding new 
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perspectives. For example, the term ‘embodiment’ has a different meaning across fields. In 

dance, embodiment refers to the physical body moving in a live performance or studio 

practice (Hay, 2000). In industry the term refers to moving or feeling the body, rather than a 

purely cognitive response (Interview, Mildred, 2018), and in human-computer interaction 

embodiment refers to whether physical representations of a human body are required to 

activate a task (Piumsomboon et al., 2018). Each of these perspectives on embodiment will 

be explored in the following chapters on industry and dance. From the interviews conducted 

in my fieldwork, key points of interest were identified and privileged in response to similar or 

different points that arose in experiencing virtual reality applications. 

 

Initial points of interest were physical disorientation, relationships of the body to space, and 

difficulty in the use of operational tools in a digital environment. These observations were 

analysed through the framework of embodied cognition, which propose that awareness and 

cognition occurs in the body through its dynamic relationship with an environment. This 

stands in contrast with theories about cognition that focus exclusively on the brain and its 

commitment to computational and representational theories of mind. Embodied cognition, 

on the other hand, is more informative as it appeals to the idea that cognition deeply depends 

on aspects of a person’s body of which the brain forms only a part.  

 

Other key areas of interest were wayfinding, guided movement, proximity, proprioception, 

embodied illusions, digital kinship and collaborative practice. Some of these areas can be 

directly linked to skills that come with dance expertise, such as guided movement and 

behavioral nudges similar to cueing. Others emerged from the literature and interviews about 

human/computer interaction such as wayfinding and digital kinship. Combining embodied 

cognition with dance knowledge and human-computer interaction assists in defining a set of 

affordances specific to the transmission and transfer of embodied knowledge/dance 

knowledge in immersive digital environments.  

 

Informal discussions were the best source of information regarding the hopes and fears for 

the future. These discussions usually came at the end of an interview and were therefore 

already framed by the specific direction of the enquiry. As future speculation engages both 

knowledge and imagination, responses ranged from practical to the improbable, and from 
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realistic to fantastical. A sample of responses is represented in the speculative fiction and 

descriptive languages used in the story vignettes that I use to illustrate the discussion in the 

following chapters.  

 

In conclusion, because each chapter is thematic in content, the fieldwork from each is 

described and analysed throughout the chapters alongside the theoretical literature that 

provides both background and insights into the thematic under discussion; futures, industry 

and dance. Whilst each chapter thematic is discussed as a discrete field, the insights gained 

inform the analysis of the subsequent constellation of topics, context and participatory 

practices. However, the cultures and processes described in each field are respected for their 

differences. The chapters cross-reference and refer to each other and accordingly create a 

body of responses to the question of transmission and transfer of embodied knowledge in 

digital simulation environments. What these environments are composed of, and how they 

operate is different in approach, design and intention, but it is in the shared response to 

embodied practice that values, skills and other attributes come together. What emerges from 

this is the potential interdisciplinary collaboration and education has for future innovation. 

While insights vary, all contribute to expanding the language and continuing the discussion 

within discrete disciplines, as well as across futures, industry and dance, about what it means 

to embody immersive digital environments.  
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Chapter 4. Futuring 

 

‘‘A foresight culture therefore emerges at the dawn of the 21st century. It is a culture that 

routinely thinks long-term, takes future generations seriously, learns its way towards 

sustainability and brings the whole earth back from the brink of catastrophe.’’  Stuart Candy 

(2010, p. 301)  

 

Future studies focuses on experiential methods and outcomes that can benefit from dance 

knowledge by innovating creative embodied participatory practices. Future studies can also 

extend scenario design in immersive digital environments in a myriad of ways. Only by 

scanning the fields across the arts, sciences and industry, and contextualising their 

approaches, does it become possible to gain insight and, most importantly, generate accurate 

and productive foresight. The field of future studies supplies numerous examples of 

participatory practice, collaborative processes and enactment within immersive 

environments. Dance knowledge can inform future studies through improvisation, physical 

skills building and participatory theatre.  

 

The examples in this chapter are taken from arts and cultural groups who are experienced 

with future studies, participatory performance practice and collaborative processes. They 

include cultural laboratory Foam a laboratory for experimental situations, Times Up and arts 

group Blast Theory 26. These art and performance groups are identified because they are 

particularly good examples of the common ground between dance knowledge, simulation 

practices and futures studies with the aim of extracting shared processes for the transmission 

and transfer of embodied knowledge. By focussing on foresight and future directions, a frame 

of reference can be used to develop insights.  In this way, futures studies is important to my 

research when considering the: 

 

• innovative applications emerging and developing in digital simulation environments  

 
26 Blast theory creates interactive art to explore social and political questions, placing audience members at the centre of the 
work. Led by Matt Adams, Ju Row Farr and Nick Tandavatantji, the group creates intersective art, drawing on popular culture, 
performance, technology and games. The work often blurs the boundaries between the real and fictional 
(https://www.blasttheory.co.uk/). 
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• potential for dance knowledge to inform experiential futures methodologies through 

improvisation, physical skills building and participatory theatre, which can be applied 

to digital simulation environments; and 

• ways in which a future-oriented methodology informs data collection methods, 

analysis and synthesis.  

 

With my focus on embodied knowledge in dance and other industries, the area of future 

studies offers forms of enactment to trial possible living futures. My attendance at artist 

residencies (Weatherlore/Speculative Culture with FOam, Open-Space and Vitalstatistix, 

Future Fabulators with Foam, and Times Up) exposed me to several practices that were 

focused on enacting possible futures. Enactment as a descriptive term in future studies is used 

to indicate role-play in participatory practice (Kuzmanovic, 2017). 

 

 A futures approach is crucial in uncertain times as it can help to address anxieties arising as 

a result of the acceleration of technological advances and in post-COVID-19 times. The new 

pace of living makes it increasingly important to recognise the positions we take regarding 

new technology, and the experiences evoked through virtual reality. Advocacy and critique 

are crucial components when enacting futures, and for my enquiry they help focus the 

discussions of knowledge transfer. Finding evidence, whether in simulations or dance 

rehearsals, that involve future enactments and whole-body practices, foregrounds the need 

for the transmission of information across and within disciplines and practises and, as I do in 

my research, advocate for future preparedness.  

 

Following is a literature review on future studies that includes examples from arts and cultural 

works.  A literature review on enactment as a futures strategy compared with enaction as a 

feature of embodied cognition aims to highlight points of similarity in function and descriptive 

expression. By linking shared concepts and language through embodied experience I 

demonstrate how cross-disciplinary understanding develops through such processes. The last 

part of this chapter uses fieldwork in futures and participatory practice as examples to extend 

on theories, concepts and aims of a futures methodology.  An embodied cognition framework 

is applied to participatory observation and interviews and supported by literature and 

associated art works. By highlighting points of convergence and divergence across futures and 
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participatory theatre, I demonstrate interconnectedness and the ability to bridge 

understanding by extending the boundaries of each field.  

 

4.1.  Future Studies 

 

Futures studies (Futures) is the investigation of possible, probable and preferable futures, as 

well as the worldviews and myths underpinning them. The methods used in futures studies 

aim at engaging with community concerns as a way of shifting perceptions about current 

social, cultural and political moments that cause anxiety. There are several ways in which 

participatory practice in communities drives futures methods. These include the use of 

physical narratives, experiential futures and speculative design. Each of these descriptors 

evoke images of bodies-in-action and suggest approaches to problem-solving that require 

physically trialing situations in specific environments. Whilst the lineage of each futures 

position varies, the outcomes of participatory practice and sustainable futures unite each 

perspective and provides an analytical framework in this research. 

 

FOam together with Times Up, describe a strategy for engaging participants in enacting 

possible futures as physical narratives (Kuzmanovic, Auer, Gaffney, & Boykett, 2019). Physical 

narratives are a reflective cultural device inspired by the approach of futurist, Peter Schwartz 

(1991). Schwartz advocates for a process that highlights the best way to think about the 

impact of your actions, how you can clearly see the environment where your actions take 

place, and how those actions fit with or against prevailing forces, trends, attitudes and 

influences (Schwartz, 1991, p. 1). This process is activated by inventing stories of plausible 

futures, designed into scenarios that bring about leaps in understanding about current 

perceptions. For FOam and Times Up, this approach enables the integration of information 

into artistic interpretations that address specific cultural and environmental concerns. Their 

aim is to develop foresight so that better decisions can be made about current and future 

actions.  

 

Developing foresight depends on the ability to read patterns and trends in cultural 

environments to predict possible futures. Schwartz’s leading text published in 1991, “The Art 

of the Long View, planning for an uncertain world,” is an example of this ability motivated by 
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a drive towards freedom. He asserts that people feel constrained by the unpredictability of 

events and that to act with confidence and freedom one needs to be open to knowledge of 

uncertainty. From this point he proposes a process whereby people can create scenario 

designs 27 that allow them to try out their imagined futures. Putting Schwartz’s views into 

action FOam’s article, “Enacting Futures in postnormal times” (Kuzmanovic & Gaffney, 2017), 

is a working description of their cultural laboratory’s transdisciplinary, participatory approach 

to experiential futures. Without privileging any one discipline this type of event-based 

research is driven by participant’s interaction with information and material in an installation. 

In brief, FOam advocates multimodal immersive situations where participants can experience 

and interact with potential futures.  

 

In FOam’s physical narratives, participants engage playfully through participation and 

discover futures within an open scenario. “[I]n physical narratives, visitors become a part of 

the scenario, surrounded by it as if they were in a parallel world. The level or depth of 

immersion is important, allowing visitors to investigate the scenario using all their sensory, 

somatic, intuitive and cerebral faculties” (Kuzmanovic et al., 2019, p. 106). Futurist Maja 

Kuzmanovic doesn’t talk specifically about virtual reality, but rather about participants 

immersed in a scenario that is confrontational and intense. However, face-to-face, personal 

experience can elicit a desire to understand such repercussions outside of the scenario. Hence 

these experiences, like simulation for work-based training, require a period of debriefing and 

reflection once the experience has been completed. This is because physical narratives 

incorporate within their design a playful multisensory experience of social interactions that 

needs processing over time (Kuzmanovic, 2019). 

 

Physical narratives as designed by Times Up and FOam are derived from anticipation studies 

and embodied foresight generated by action research. The background for each of the 

perspectives that come together in a physical narrative, is described by a range of specialists 

including: strategic foresight specialist Joshua Floyd (2012), action foresight specialist Jose 

 
27 Scenarios are named after the theatrical term “scenario”, which refers to the script of a play or a film. The aim in the 
creation of these narratives is to tell stories about the way things might turn out tomorrow with the intention of shining a 
light on changes developing in our current environment. Schwartz defines scenario as, “a tool for ordering one’s perception 
about alternative future environments in which one’s decisions might be played out. Alternatively: a set of organized ways 
for us to dream effectively about our own future (2010) “. 
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Ramos (2002, 2006), futurist Sohail Inayatullah (2008), and experiential futures designer and 

foresight practitioner Stuart Candy (2010b). Each of these theorists and practitioners 

advocate for a lived embodied perspective to be incorporated into future studies, consistent 

with the transmission and transfer of embodied knowledge though embodied processes. 

 

Anticipation studies, according to sociologist Roberto Poli, is the practice of making decisions 

in the present about something that might happen in the future (2017, p. 1). Improvisation 

plays a key role in anticipation studies because it is creative and receptive, active and passive, 

spontaneous and strategic. Most importantly, the embodied practice of improvisation shifts 

the discussion from speculation to the enactment of a lived experience. Possibilities become 

trialed and felt through mistakes, new ways of doing things, and established pathways are 

rediscovered by moving and sensing with the body. This somatic trial and error demand that 

the participant be present and aware of the impacts of future decisions informed by their 

lived experiences.  

 

Whilst futurists Gaffney and Kuzmonavic from FOam refer to improvisation as a performance 

practice, they are not implying that the participants perform for an audience. Rather, they are 

proposing that improvisation can be used in emergency drills or simulations for work-based 

training that equips participants for future preparedness (Kuzmanovic & Gaffney, 2017). 

Gaffney and Kuzmonavic ask, “[a]re there other ways of being present and “staying with the 

trouble (D. J. Haraway, 2016)” (2017, p. 5). FOam also refer to Haraway to emphasise the 

importance of staying present or being self-aware, which they equate to “staying with the 

trouble”, or uncertainty (D. J. Haraway, 2016). At times, staying present can be uncomfortable 

but one that is full of embodied foresight that can inform future action.  

 

Like anticipation studies, embodied foresight, as described by Floyd, provides a background 

to the methods used by Times Up and FOam when creating their physical narratives. Floyd in 

his article, Action research and integral futures studies: a path to embodied foresight (2012), 

engages with biologist and cognitive scientist Francisco Varela, philosopher Evan Thompson, 

and cognitive psychologist Eleanor Rosch (2017) to describe the enactive approach as one 

that foregrounds perceptual action and guidance that are inseparable from our sensorimotor 

capacities. Floyd explains, “cognition consists not of representations but of embodied action” 
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(2012, p. 14). Floyd’s comments lead us to consider what we get to know of our world by 

projecting into the future via enacted scenarios that are dependent on our physical capacities 

as embodied beings. Floyd goes on to discuss methodologies 28 that include improvisation, 

sensing, presencing and realising, as well as practising higher states of mindfulness through 

meditation. All of these methods make up the practice of embodied foresight. Floyd suggests 

that a framework is needed for day-to-day practice that encompasses the principles of 

integrated future studies and the enactive view of knowledge, culture and cognition within 

participatory practice. This sounds like a recipe for embodying immersive digital simulations 

as well as a framework to choreograph dance for virtual reality. 

 

It is at this juncture that future studies, as embodied anticipation studies, merges with design 

fiction and becomes known as experiential futures. Design fiction by itself explores and 

criticises possible futures by creating speculative, and often provocative, scenarios narrated 

through designed artefacts. The scenarios from design fiction provoke discussion between 

viewers but are not experienced through physical interaction; rather, they are viewed as 

works of art. Experiential futures, on the other hand, encourages participant engagement 

with the design by providing points of interaction that guide a physical narrative within the 

scenario. It is this physical narrative that becomes the focus of the methods constructed by 

Times Up and FOam.  

 

Collaboration between designers and futurists is evident in the growth of academic programs 

that sit at the intersection of design and foresight. These are documented at length in Candy’s 

dissertation, “The Future of Everyday Life” (2010). Candy’s research focuses on using 

embodied foresight methods for developing a more environmentally sustainable Hawaii. 

Adding to this wealth of research is critical designer Anthony Dunne, and design and social 

enquiry artist Fiona Raby, who book Speculative Everything (2013) highlights new directions 

for design thinking. Candy explains that as designers become more futures-aware by 

integrating scenarios and other foresight tools into their work, so too are futurists using 

design elements to prototype and stage scenarios (Candy & Dunagan, 2017). 

 
28 Floyd proposes to cultivate embodied foresight through the practice of integral future studies as participatory action 
research. Action research for Floyd depends on an understanding that participation is integral to action research. 
“Participation is discussed here as knowing you are actively part of something. Embodied foresight is suited to a participatory 
world in which relationships emerge between the unfolding waves of change.” (Floyd, 2012)  
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Experiential futures advocate learning as the key to transformation through participatory 

approaches. In this vein, Sohail Inayatullah, UNESCO Chair in future studies, defines “Six Pillars 

of Future Studies” (2008) consisting of mapping, anticipating, timing, deepening, creating 

alternatives, and transforming 29. Each of these pillars is enacted within a community through 

workshops, discussions and scenario building. The final pillar, transformation, is the 

enactment of scenarios followed by a debriefing session on how each participant felt. This 

lived and felt experience is where embodied practices share points of connection with dance 

knowledge. Each are activated with the intention of learning and expanding possibilities 

through doing and being-in-the-world, and by moving through experiences and reflecting on 

possible outcomes.  

 

Ramos’ Futures Action Model (2013) works with a similar community orientated approach. It 

is based on a problem-solving sequence inspired by action research that begins with issues of 

global relevance. Questions are designed to uncover a space for exploring the purpose, 

resource strategy and governance arrangements that can effectively address an issue; for 

example, how will coastal communities change when sea levels rise? Summing up the 

ramifications of an action model, Ramos notes that: ‘‘knowledge about the future shouldn’t 

be an overly abstract concept lacking relevance, but rather an inspirational call to action with 

traction’’ (2002, p.6). In other words, it provides a road map out of current crises through 

active problem solving. Again, this method of physical problem-solving shares attributes with 

dance knowledge, not only through improvisational responses, but also through somatic 

 
29 “Mapping: involves the mapping of past, present and future. By mapping time, we become clear on where we have come 
from and where we are going. Pillar two – anticipation - involves maintaining methods. Emerging issues seeks to identify 
bell-weather regions, where new social innovation starts. It also seeks to identify issues before they become unwieldy and 
expensive, and search for new possibilities and opportunities. The futures wheel seeks to develop the impacts of today’s 
issue on the longer-term future. The pillar, timing the future, is the search for the grand patterns of history and the 
identification of each one of our models of change. Deepening is a causal layered analysis followed by a four-quadrant 
mapping. Creating alternatives consists of undertaking a structural functional analysis of organisation and then finding 
different ways of doing what it does. The second way to create alternative futures is via scenarios. Scenarios open the present 
by contouring the range of uncertainties, offering alternatives and better predictions. Transforming is about narrowing the 
future to that which if preferred by posing questions such as: which future do individuals desire? Which futures do cities 
want? The preferred future can result from scenarios.” (Inayatullah, 2008, p.4-15) 
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experience and creative physicalisations. It is possible that we might move and feel different 

in our bodies if our environment was different, a point that futurists, embodied cognition 

scientists and cyberfeminists would agree. 

 

Future studies and design are good collaborators that can accommodate scientific standards. 

This is a position taken by futurist Stefanie A. Ollenburg (2019) who celebrates the 

interdisciplinary nature of future studies. The role of a futurist is not only to research, but also 

to facilitate change with a given community. Ollenburg agrees with Candy that experiential 

futures can promote procedural synergies among groups of people, which adds the option of 

developing projects that lead to transformative action in the context of sustainable processes. 

Ollenburg’s research involves collecting data and undertaking quantitative analysis, a quality 

she also encourages for community experts. These processes activate change through 

community involvement, which cumulatively constitutes a participatory practice.  

 

Projects that recruit futurist interventions deal with current and future challenges relevant to 

the public by involving stakeholders as well as experts in a field. Each project is community 

specific and requires its own research methods, which are designed by the community. The 

aim is to empower community stakeholders to create their own future through sustainable 

futures processes which, as noted above, involves gathering data, conceiving possible 

processes and outcomes, trialing probabilities and reflecting on current actions. Projects that 

emerge from a participatory futures methodology encourage the sharing of ideas, images and 

concepts about the future from a wide range of perspectives (2019, p. 54). These combined 

perspectives, channeled through embodied participatory practices, creatively activate 

transformation on a community scale. 

 

A common theme for communities is climate change, which catalyses collective action by 

seeking to change current behaviors for a better future. Designer Lizzie Yarina uses futures 

methodology in her work on climate change (Yarina, 2019). Working alongside Tualuan 

communities, Yarina’s project focused on imagining possible futures mediated through 

responsive time-based strategies. By constructing alternative futures (Candy, 2010b; 

Inayatullah, 2008) through a deep future scenario timeline, she attempted to counter the 

fetishised representation of sinking islands. Yarina recognised that for Tuvalu the present 
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moment is not a single event but part of a long duration of evolving geophysical, 

climatological, and human systems that are temporally part of the place.  

 

It takes a community to foreground a range of perspectives, from the past as well as the 

present, to reflect and represent a fair picture of how a problem evolves and continues. Yarina 

insists that the “crisis of anthropogenic climate change which itself is a result of neglecting to 

consider possible futures, requires critical future-thinking surrounding catastrophic 

environmental risks, together with innovation in the process of designing built environments” 

(2019, p. 156). Looking deeply as social myths surrounding life on a sinking island, and the 

scientific evidence, Yarina was able to get the local community to problem solve by innovating 

designs for living. How people are in their environment, living, eating, travelling and coming 

together in groups can sometimes be habitual and stuck in narratives that are no-longer 

suitable for addressing current crises.  

 

Critical futures thinking compliments futures studies where the past, present, and future are 

deeply interconnected (Kuzmanovic & Gaffney, 2017; Slaughter, 2003). Rather than inciting a 

reactionary response to a crisis, Yarina’s approach considers time to stretch beyond quick 

fixes to include past knowledge. Yarina’s methodology includes design processes that 

reconsider built environments and how people behave in specific environments, and how 

they perceive change and how they can bring about change. Experiential futures evolved from 

a need to engage people more viscerally in futures conversations, “which typically had high 

stakes but low affective engagement and embodied insight” (Candy & Dunagan, 2017, p. 135). 

Candy is worth quoting at length on this point: 

 

An experiential scenario is the manifestation of one or more fragments of an 

ostensible future world in any medium or combination of media including image, 

artefact, and performance. It involves designing and staging interventions that exploit 

the continuum of human experience, the full array of sensory and semiotic vectors, in 

order to enable a different and deeper engagement in thought and discussion about 

one or more futures, than has traditionally been possible through textual and 

statistical means of representing scenarios. (Candy, 2010, p.12) 
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The focus of my research is specifically on immersive digital environments, in which 

simulation for industry and emergent arts-based experiences are developing. There is little 

analysis to date that has been produced on futures-infected design outputs within immersive 

digital environments. However, experiential futures are trans-medial and creative in form. 

Mixed reality is mentioned by Candy when forecasting current technologies as a way of 

evoking and making available insights, thoughts and feelings about possible futures (2017, p. 

137). In my opinion it is just a matter of time until a futures-focused, community-developed 

virtual reality application is developed in response to a crisis. The potential for experiential 

futures methods within digital applications is evident in embodied computer game engines 

that allow for choices to influence world-building such as Unity30 or Unreal 31. However, these 

game engines are operated physically, meaning that the design elements are created through 

clicking, grabbing and pointing. The environment can be activated through integral gestures, 

movements and specific choreography. Participatory practice in current computer gaming is 

not always enacted and is often operational rather than experiential. There is a wealth of 

possibilities for dance knowledge to provide an embodied response to digital environments 

that goes beyond computer control functions. Enacting futures through participatory practice 

is one way to begin to develop the embodied practices between futures and immersive digital 

environments.  

 

Participatory practice is the common denominator in each area of future studies from physical 

narratives to experiential futures, and it leads to a discussion of speculative enactment in the 

next section. Participation as an embodied process is how knowledge is transmitted and 

transferred between a participant and their environment, and between each other. Learning 

by doing and the processes of debriefing inherent to experiential futures, guides how each 

future scenario is understood and applied. The process of participating in future scenarios 

through movement is defined in future studies as enactment. This term describes engaging 

physically with a speculative environment and will be discussed in depth in the next section 

as an aspect of embodied cognition. Enactment in future studies brings together the scope of 

 
30 Unity is a cross-platform game engine developed by Unity Technologies. 
 
31 Unreal is a 3D real-time creation tool. 
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embodied participatory practices outlined above from physical narratives and experiential 

futures. This comes together in speculative enactment. 

 

4.2 Enactment/Enaction 

 

Almost all the descriptions of future studies methods mention enactment. When FOam 

describe a future scenario and how it is enacted, they describe how participants behave:  

 

- as if they temporarily exist in the future they’re enacting. This means that you act as 

yourself – not as a character or a superhero, but as you, with all your strengths and 

weaknesses and unique quirks. While exploring the scenario, you play out your 

speculative role in that specific future. You enact who you might become, what you 

might be doing, how you might get there, given what you know about yourself and 

the scenario. As you improvise, you observe how you react to other people and the 

situation as a whole, as well as how your actions affect them. (2017, p.7) 

 

Enacting a scenario does not mean acting or performing, rather the participants are 

themselves in the future. There is no audience and no one judging their actions except 

themselves. It is through an embodied experience of their own actions that participants learn 

and become better equipped to consider their present moment. How can enaction, as an arm 

of embodied cognition, add to the understanding of how enactment works? Enactment 

amplifies anticipation and relational thought to propel users through the development of 

embodied technics that merges the body with its environment into a future they are 

constantly shaping. Enaction is a term first used by Varela, Thompson and Rosch (1991/2017) 

to describe the relationship of cognition in the world through a variety of actions that a being-

in-the-world performs. Other theorists, such as anthropologist and cognitive scientist Edwin 

Hutchins (2010b), philosopher Alva Noe (2004), cognitive scientist David Kirsh (2010, 2013) 

and philosopher of cognitive science Evan Thompson (2005), discuss the fundamental role of 

the cognitive theory of enaction.  

 

An enactive approach as conceived by Varela, Thompson and Rosch depends on how the 

perceiver is embodied as well as their sensimotor relationship with their environment. It 
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presents a view of cognitive agents bringing forth a world by means of the activity of their 

situated living bodies. On this view, knowledge emerges through a persons’ bodily 

engagement with the environment, rather than being simply determined by and dependent 

upon either pre-existent situations or personal constructs. As Varela says, “the organism both 

initiates and is shaped by the environment” (Varela et al., 2017, p. 177). Varela’s view in 

cognitive scientist John Stewarts very practical words, - “the fact of the matter is this: what 

the knowable world is, for each of us, is not independent of who we are, and how we go about 

our daily business of living. “(Stewart, 2010, p.27) How we perceive the world is determined 

by our actions. 

 

Human perception is part of the enactment process, so it is well suited to a methodology that 

brings together a future studies view of enactment with embodied cognition. Both enactment 

and enaction describe the relationship between action and perception within a continuously 

evolving environment. A futures view is channeled towards change, whilst an embodied 

cognitive analysis highlights perception and the perceiver’s affordances, as understood in 

human-computer interaction. Each view contributes to an informed view of how embodied 

cognition makes the body inseparable from its environment thereby implicating the whole 

system in cognitive processes such as selection and decision-making.  

 

Enaction defined by cultural anthropologist Edwin Hutchins is a way of describing how 

organisms define their own experience by how they interact with the world. Hutchins states 

“enaction is the idea that organisms create their own experience through their actions. 

Organisms are not passive receivers of input from the environment but actors in the 

environment such that what they experience is shaped by how they act” (2010b, p. 5). For 

Hutchins, embodiment is the idea that our bodies influence the way we think. He argues that 

cognition is situated in the interaction of body and world, and that the dynamic body is 

involved in reasoning processes. Hutchins also suggests that action and perception are 

integrated processes that connected to a process of enaction (2010, p. 5). Enaction then, 

according to Hutchins, is how we understand our world by perceiving ourselves in the world. 

 

Perception, as connected to enaction, is described by philosopher Alva Noe in his book Action 

and Perception (2004). It is a mode of thoughtful action or rather something we do. Noe 
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observes that, “the world makes itself available to the perceiver through physical movement 

and action” (2004, p. 1). In this he highlights the importance of sensorimotor experience, 

proprioception and self-awareness, all of which constitutes the complexity of embodiment 

and embodied cognition. Noe insists that enactment involves the body-in-action through 

which perception and understanding are created (2004, pp. 1 - 3). Noe and Hutchins’s 

contributions to research on embodiment and enaction can be considered in relation to 

experiential futures because they advocate reflection on an integrated experience of the body 

interacting with the environment.  

 

Evan Thompson (2005) pulls these threads together when he discusses sensorimotor coupling 

as something that is “expressed in perception, emotion, and action” (2005, p. 2). This raises 

questions of self-consciousness which Thompson links to phenomenology and in turn could 

be compared to somatic movement. The lived experience and the personal sensory 

descriptors that phenomenology provide enable communication and knowledge transfer 

about how it feels to move. Thompson’s research is useful regarding simulation in work-based 

training because his observations about autonomous systems within an enactive approach 

complicate and amplify the role of selfhood in relation to agency. Thompson states: “An 

autonomous system can also be defined as a system that has organizational and operational 

closure: the result of any process within the system is another process within the system” 

(2005, p. 10). In other words, changing any component or relationship in a dynamic system 

enacts a different set of activities, and constantly generates new modes of and perspectives 

on knowledge. 

 

An “enactive landscape,” according to cognitive scientist David Kirsh (2013, p. 3), is the set of 

possibilities that can in principle be brought into being when an agent interacts with an 

underlying environment while engaging in a task or pursuing a goal. Kirsch uses the example 

of cooking to suggest that cultural resources such as recipes, food and taste preferences 

combined with physical things, such as cooking tools and pots, combine to form an enactive 

landscape. When the chef looks around, touches things, all the elements are put into play 

(Kirsh, 2013). Kirsh’s set of possibilities is another way of discussing affordances, which are 

the range of possible actions that are available in any given situation. Enaction through a 

human-factors perspective for work-based training is according to ecological psychologist 
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Thomas Stoffregen and movement and perception scientists Bruno Mantel and Benoit Bardy 

(Stoffregen, Bardy, & Mantel, 2006), a matter of affordances. These scientists highlight the 

need to design ecological interfaces through careful analysis of the enactive perception of 

affordances. Ecological interfaces in this case refer to human relationships in the wider 

environment, much like Kirsh’s kitchen example.  

 

Each of the theorists mentioned above propose views on enaction and embodied cognition 

that describe the body’s sensimotor relationship to the environment through interaction. 

Varela, Thompson and Rosch discuss an enactive approach through the perceiver’s 

sensimotor relationship with the environment. Hutchins describes participants creating their 

own experiences in an environment, and Noe mentions self-awareness to highlight 

knowledge acquisition. Thompson’s recognition that change within any environment changes 

the system, highlights how well these concepts fit with enacting experiential futures, and how 

participants can learn from them. Kirsh allows us to consider interaction design through the 

idea of affordances, defining a perceiver or participant’s experience within an environment. 

There is potential for these theories to be applied to interactive immersive digital 

environments. 

 

Considering how an understanding of enaction in embodied cognition can add to the validity 

of future enactments raises the question of how the transmission and transfer of embodied 

knowledge/dance knowledge in immersive digital environments can be activated in 

experiential futures. To answer this question, in which human and machine co-exist, I refer 

back to the field of speculative enactment. Whilst experiential futures has evolved from a 

combination of speculative design and embodied anticipation studies (Candy & Dunagan, 

2017), speculative enactment has developed from design research with participants. When 

looking at current human/computer interaction within contemporary design, participation 

processes and their requirements are paramount.  

 

Speculative enactment has been defined by interaction designer Chris Elsden, investigative 

designer David Chatting, computer scientist Abigail Durrant, user experience researcher 

Andrew Garbett, interactive designer Bettina Nissen, and human-computer interaction 

experts John Vines and David Kir, in their paper, On Speculative Enactments (2017). It is future 
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focussed and results in artefacts and environments that prompt discussion and further 

speculation. The field of speculative enactment informs the development of world-building. 

In a posthuman, post-covid and environmentally fragile world, speculative enactments 

“constitute an effort to meaningfully enact elements of possible futures with participants” 

(Elsden et al., 2017, p. 3). Pairing participatory performance practices with speculative design 

is key to futures focussed scenario design that promises to be self-reflexive through embodied 

experience. In both cases enacting futures through physical contact and somatic experience 

informs decisions about how people chose to live their lives in the future.  

 

Speculative design is also about making things that tell stories. It is about producing artifacts 

and materials that communicate a story-world that is embedded with the digital world’s 

values. “Envisioning’ possible futures – through a mixture of fiction, forecasting, imagining 

and extrapolating – is a central concern for HCI research” (Elsden et al., 2017, p. 1). What 

researchers want is an experience centered approach to speculative practice that “goes 

beyond envisioning as prototyping or scenarios and instead relies on imagination and fiction 

to develop critical dialogues and discourse about new, alternative and future paradigms of 

technology use” (Elsden et al., 2017, p. 1).  

 

The focus of speculative enactment is to engage people more viscerally in futures 

conversations through an embodied approach. Social interaction therefore becomes a critical 

strategy, which makes meeting others or acting in public a desired outcome. Participants are 

made accountable through their interaction with speculative materials and settings. It is 

therefore necessary that participants are compliant in the experiment in which they act and 

have normalised points of reference in their stage settings by becoming familiar with them. A 

normalised setting allows for grounded unscripted improvisation of particular futures, which 

can produce a range of design research artifacts that can be presented as design fiction 

(Elsden et al., 2017). Elsden et al recognises the influence of Candy’s experiential futures 

model as well as Blast Theory’s participatory performance structures. There is evidence of 

recognition of the value of embodied knowledge shared across futures studies, speculative 

design and participatory performance practice by these interaction design researchers.  

 

Creative processes can be a prompt for collaboration across fields and research areas, 
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especially contemporary practices where the goal is to be informed and future focused. 

Experiential futures (Candy, 2010b) rely on a similar premise, as does the activation of 

scenario design through physical narratives, which is part of an enacted embodied experience 

(Kuzmanovic & Gaffney, 2017).  

 

Whilst there is little literature on enaction in virtual reality and digital simulation 

environments, this gap can be studied by observing how embodied knowledge and dance 

knowledge is activated through experiential futures, including speculative enactments and 

then applied within immersive digital environments. Each of these aspects of future studies 

derives knowledge passed down from the tradition of participatory theatre, role-playing and 

physical narratives. Both enactment and enaction when applied to future scenarios ensure 

that the participant is physically engaged with an ever-changing environment.  

 

4.3 Physical Narratives and Participatory Theatre 

 

Role-play is a common device used for problem-solving in contexts that range from business 

to education. In this section I will use examples from FOam, Times Up and blast theory, as 

well as my own artistic practice as a family in residence, as demonstrations of the applications 

of physical narratives. Each of these groups create works to discuss problems, expand 

perceptions, explore new experiences and open choices. There is a close connection between 

enacting futures and participatory theatre practices. Each is reliant on participants’ co-

authoring an experience where the participants are informed and debriefed using performing 

arts-based knowledge, which is an over-arching asset of dance knowledge contributing to 

knowledge-building across disciplines.  

 

Role-play and participatory theatre practices have been modeled to some extent in the 

guidelines set out by Augusto Boal, the Brazilian politician and theatre director. He used 

participatory involvement to solve social issues and community concerns through theatre in 

the 1990s. Boal’s Centre for the Theatre of The Oppressed transformed the spectator into the 

author as a way of inciting direct change in communities. These methods were successful in 

reforming prisoners as well as giving a voice to citizens (Boal, 2000, 2006; Boal & Epstein, 

1990). Influenced by ancient Roman law making, Boal provides a physical approach to 
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understanding the world by directing a community to be actively involved in democratic 

decision making. His methods are intended to excite societal change on a personal and 

community level. Experiential futures clearly borrow from Boal’s methods, harnessing the 

voices of the community. Times Up and FOam rely on performing art practices from set design 

to participatory practice in their work on physical narratives.  

 

 
Figure 3. Borrowed Scenery, FOam, 2012. Photograph by Nik Gaffney 

 

An example of a physical narrative is FOam’s Borrowed Scenery (Kuzmanovic et al., 2019), 

where participants explore a collection of open-ended scenarios within an installation where 

human societies and plants have become deeply intertwined. Kuzmanovic (from Foam) 

observes, “traces of a plausible near future co-exist alongside evocative speculative fictions” 

(2019, p. 106). Experiments in progress, a collection of books, disembodied scents, field notes, 

prototypes, mysterious artifacts, archaic and contemporary devices for human-plant 

communication, are all deployed in the work to create technologically advanced world. 

Through physical communication with the scenarios, participants are able to develop 

personal narratives based on their own experience and so begin to re-navigate their own 

futures within the Anthropocene 32. Much of FOam’s work addresses the idea of the 

 
32 The Anthropocene is a proposed geological epoch dating from the commencement of significant human impact on Earth's 
geology and ecosystems, including, but not limited to, anthropogenic climate change (www.dictionary.com). 
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Anthropocene as a culture laboratory focused on more than human concerns. By allowing 

participants to embody an alternative future, they are informed by experience and can 

choose to make different decisions in the future.  

 

Another example involves a collaboration where my family and I worked with FOam on 

Speculative Culture/Weatherlore (Neville, 2014). Over a long weekend, my family and I took 

up residence at Vitalstastix 33 in Port Adelaide. Thematically we were looking at how 

weatherlore is changing in times of climate change. As explained in the program notes - 

 

History is full of rhymes, anecdotes, and proverbs meant to guide the uncertain in 

determining whether the next day will bring fair or foul weather. Farmers watched the 

sky colour to know when to sow and reap. Mariners noted wind and waves for signs 

of change. Contemporary weatherlore often manifests from people’s anxiety about a 

future of floods, famine and fires. The question is how does the superstitious or 

curious imagination make sense of all this? (Neville, 2014)  

 

At the long weekend event Adhocracy 34 we invited participation in our family life within a 

speculative design angled at a near future when food shortages were immanent and water 

scarce. We took up residence in the entrance of the hall and invited visitors to explore 

speculative climate fiction 35 scenarios with our family. We presented research from 

conversations with farmers and fishers, developed digital stories and sound scores, 

conducted pop-up future forecasting and other cultural interventions. The project used a 

future forecasting methodology to encourage people to investigate living in a range of 

possible futures with my family across a day or days. I cooked whilst talking about the 

 
 
33 “Vitalstatistix is a live performance production house that champions Australian artists who are creating new, 
multidisciplinary art and public dialogue. They provide an innovative site for important ideas and outstanding arts 
experiences. They value diversity, experimentation, public engagement and works that have something to say about the 
world now. They are a vibrant home for transformative contemporary art and progressive community life.” 
(https://vitalstatistix.com.au/) 

34 “Adhocracy is Vitalstatistix’s annual national hothouse, supporting the creative development of experimental, 
multidisciplinary arts projects.”(https://vitalstatistix.com.au/projects/adhocracy-2021/) 
 
35 Climate fiction (sometimes shortened cli-fi) is literature that deals with climate change and global warming. Not necessarily 
speculative in nature, works may take place in the world as we know it or in the near future. 
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concerns of local famers over that winter, encouraged visitors to take up painting exercises, 

and took dancing into the larger artistic community to create physical questions around 

storytelling in uncertain times. Working with two children aged under five curtailed the scope 

of the activities, but the continuous rigour with which we maintained our speculative world 

brought curious participants who were visiting the Adhocracy event to our table.  

 

 
Figure 4. Speculative Culture/Weatherlore, 2014, Adhocracy, Vitalstatistix. Photograph Sarah Neville 

 

Speculative Culture/Weatherlore was a meandering experience where people could come and 

go at will, staying a few minutes or the whole day, moving around wherever they liked. This 

open-ended visiting format gave those who visited agency to devise their own narratives, ask 

questions and come to their own conclusions. The purpose was to discuss climate whilst 

experiencing variations of possible futures. Participants engaged enthusiastically but not 

always mindfully.  Embedded in a performing arts showcase, the informality around the event 

confused people who were unsure what to expect, especially when something more staged 

was happening. On reflection a more structured intervention would have elicited clearer 

outcomes. For example, establishing a mindful physical relationship with the environment 

coupled with a formal debrief could have helped define the experience. Presenting a futures 

scenario in a performing arts context did however highlight the value of aligning community 
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involvement through a participatory practice with participatory theatre. On the flip side it also 

revealed the mismatch in structures and intentions.  

 

A similar meandering structure that was not time based was used by the Times Up project 

Turnton Docklands (2019), which I experienced in Vienna in 2019. Unlike Speculative 

Culture/Weatherlore there was no human intervention. This experience was presented as an 

installation housed in an art gallery. When I visited Turnton Docklands, I explored an 

experiential future, wandering through a dock, a bar and a laboratory where I took my time 

to explore various possible futures. There were rooms to visit, artifacts to go through, 

podcasts to listen to, menus and newspapers to read, and walls of futurist propaganda and 

community posts to browse. Each of these materials invited participation and reflection 

through consideration on the placement of the instillations. Free to visit for five minutes or 

five hours, the installations invited me to sit, wander and hunt through the space guided by 

my own curiosity. The theme was a future in 2047, twenty years from when the project first 

began. As explained by Times Up on their website: 

 

The world is not looking good. Pollution levels have boomed, ocean ecosystems have 

collapsed, the land, the water and the air are filled with poisons emitted freshly or a 

century ago. Climate change, the result of a decidedly lax response to warnings and 

evidence, has begun with momentum, weather extremes are commonplace with 

floods, droughts and the heaviest storms we can imagine. The coastal regions have 

gone from being the beautiful playgrounds of the rich to dangerous abandoned zones 

suffering from rotting algae and the decomposing bodies of a few fish in the collapsing 

ecosystems as jellyfish and slimes take hold. The implications of the careless misuse 

and manipulation of ecological systems have come home to roost, a climax disaster 

appears unavoidable.  (http://timesup.org/TurntonBasics) 

 

The future that was projected in this project was one where humanity responds to an 

ecological dystopia with socio-political utopic changes. The Turnton Docklands scenario was 

designed through a series of futures workshops, conducted in both Vienna and Malta, and 

based on the simple question of how luxury might be defined and perceived three decades 
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from now. Questions around climate were workshopped with the local communities to garner 

their hopes and fears. From a melding of several proposals the artists developed scenarios 

that could undermine the ecological slide in environmental health. The slogan “change was 

our only chance,” was the driver of the behavioural narratives in the installation design.  

 

Figure 5. Turnton Docklands, 2019, Times Up, linz. Photograph by Norbert Artner/ Times Up CC BY SA 2.0 

The suggestions and solutions offered during the workshops and brought to life by the artistic 

collaborators were engaging but non-conclusive, although they were presented in a way that 

allowed my imagination to jump into gear. As the artists explain, the image of the docklands 

and city of Turnton in this speculative future is incomplete. There is no prognosis only a poetic 

and insightful proposal to take away. As they said, “We prefer to look into the preferable and 

not just the pessimistic probable, to imagine a future worth living in, in spite of all that might 

befall us, a good life for all. We invite an audience to join us in imagining more parts of the 

incomplete picture” (Times Up, 2019). As an immersive experience, Turnton Docklands is 

designed to be an embodied experience through touch, motion and emotion. Being inside the 

work participants were able to feel what it is like to live there, and although they were guided 

to interact with the work, it was not a necessary component within the greater narrative 

designed by the artists. It was enough for a visitor to be simply immersed in the environment.  
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Figure 6. Stored in a Bank Vault, 2011, Times Up, Brighton Festival, UK. Photograph by Times Up CC BY SA 2.0 

A more theatrical and action-led approach on experiential futures or physical narratives is 

Times Up’s Stored in a Bank Vault (2011), where participants played the role of detectives 

who stumble into the underground lair of a group of bank robbers. Artifacts discovered in the 

process include architectural plans, sedatives, surveillance cameras, and hacked computers 

displaying incongruent information. If you listen carefully, a phone conversation can be heard 

behind a closed door. Participants are encouraged to use their senses and discover 

motivations and subplots. The immersive, interactive nature of the physical narrative invites 

visitors to fill in the blanks between the scenario fragments. Rather than read and analyse, or 

watch and absorb as encouraged in Turnton Docklands, participants inhabit the scenario and 

are encouraged to learn by doing (Ramos, 2005). A participant’s ability to explore, play and 

interpret a scenario within a physical narrative is also called world-making (Vervoort, Bendor, 

Kelliher, Strik, & Helfgott, 2015), and it allows for the uncovering of multiple scenarios and 

enables co-creation (Gidley, Fien, Smith, Thomsen, & Smith, 2009).  

 

In futures, this mode of engagement is discussed as enacting a possible future. A similar 

participatory premise is taken up in artist group Blast Theory’s Operation Black Antler (2016), 

which is a participatory experience dressed as a political thriller where the ticket paying public 

is challenged to contribute their part. Blast Theory call this work an immersive theatre piece 
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that invites you to enter the murky world of undercover surveillance and question the 

morality of state sanctioned spying. The following text found on Blast theory’s website, which 

describes the premise: 

 

In Operation Black Antler you are given a new identity as part of a small team; 

you are briefed and then sent into an undercover operation. You must meet, 

build empathy with and ultimately try to win the trust of someone whose 

political and moral views may be the polar opposite of our own. What will you 

do when the power is in your hands?    

(https://www.blasttheory.co.uk/projects/operation-black-antler/)  

 

I spoke at length to Ju Row-Farr, one of the founding members of Blast Theory, about the 

making of Operation Black Antler. I was curious about the relationship between future 

enactments and participatory theatre, and whether there were shared goals and intentions 

with respect to embodiment. Row-Farr was quick to comment that people like to act things 

out and prepare for events. She described the process the company undergoes when 

preparing for performing the immersive theatre work: “We break things into stages and do 

things over and over again in our minds. It is this understanding of how people think, plan and 

simulate before acting that enables the creative team to create immersive theatre 

experiences as people already know how to act within such structures” (Interview, Row-Farr, 

2019). What Row-Farr means by “simulate” is the rehearsing of variables that may arise when 

interacting with an audience whose behavior is not predictable. Using her experience Row-

Farr briefs the actors as to what to expect and keeps them mindful of what they need to do 

whilst staying open to improvisation.  

 

Operation Black Antler was played out within familiar structures like a pub and encouraged 

normal behaviors like chatting and texting. Row-Farr’s knowledge of contemporary culture is 

applied to the design of the work so that inside the work nothing feels at odds with how things 

usually are. Accordingly, the work remains accessible to a broad public who are not 

necessarily theatre or arts literate. Row-Farr’s perspective is that mixed reality is something 

we do naturally: one minute we are on a phone the next we are doing something else. As she 

said when interviewed, “I am really interested in what people naturally do in their lives, the 
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languages they have, and then we can use this as a tool in the artwork” (Interview, 2019). 

Blast Theory also uses communication devices such as cell phones as tools for the 

participatory narrative to evolve from enacting the work. This is incorporated into the 

participatory narrative to allow movement and other behavioral patterns to swing; for 

example, between talking and texting.  

 

 
Figure 7. Operation Black Antler, Blast Theory/ Hydrocracker. Photograph by Ruler 

 

Whilst participants are encouraged to act naturally within a normative structure, they are also 

taking on a fictitious role so they must commit and put in effort to their performance. There 

is no pressure to be a great actor, but rather to behave within the realms of their own 

personality. A participant may choose to stand back or be overly chatty or feel the need to be 

the hero. This action is all in flux when the scenario is put in contact with the general public, 

or when a participant is given a specific role; for example, to extract specific information from 

someone, or is instructed to be seen or not seen within a scenario. Blast Theory have designed 

tasks that guide physical participation and enable participants to gain embodied knowledge 

through their lived experience.  
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Operation Black Antler, like other immersive theatre experiences, can be problematic in 

respect to the ethics around creating scenarios where it is not easy for participants to tell 

what is real and what is not. Where there is no demarcation between audience and the actors, 

and when everyone has a part to play, what is staged and what evolves through participation 

is not clear. It is therefore important to provide a space to debrief after the work finishes. In 

traditional theatre it is common to go to a bar at the end of a performance to speak to 

audience members and meet the cast. In a Blast Theory work, the company formalises the 

debriefing process using documentation that tell people about what happened.  Then 

audience / participants are given a chance to ask questions. Implementing a similar debriefing 

device could have been advantageous after participants had experienced Speculative 

Culture/Weatherlore to better define the difference between a future scenario and what was 

real. 

 

Interestingly, people’s views of each other and alliances to family, friends and strangers 

change when they experience an event together. When Row-Farr observes her work unfold 

she is interested in whether she can discern whether people came to the experience together, 

whether they know each other or not. As she said, it is not uncommon for people to be totally 

shocked about what the other did or said, even couples who have been together for years 

and years or are good friends. On the other hand, strangers can bond in an atmosphere of 

camaraderie, especially if there is shared agreement regarding political issues. Immersive 

experiences like Operation Black Antler operate as a social experiment that dissolves 

previously defined biases or expectations of other people. Row-Farr explains, “you may get 

along very well with your friend in your neighborhood but go on holiday with them and in a 

different situation, not get along with them at all” (Interview, 2019). This point of negotiation 

around differing views, relationships and tension drives the drama with the scenario design. 

Like future enactments, social communication within groups is one of the goals, as that same 

group of people can change the environments experienced and discussed by a community.  

 

Works like Operation Black Antler facilitate an opportunity for those who are participating on 

all levels (the actors, the community theatre, the participants) to learn something about 

themselves and others. Row-Farr reveals to me that what she observed about the participants 

is that they learn about points of view, prejudice and their own assumptions. As she sees it, 
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people are less likely to jump to conclusions about someone if they go from being a stranger 

to a friend. She explains that this is the natural rhythm of social relations in general; for 

example, before you marry you have to take some kind of leap with a stranger, and this is 

something we all innately understand. So, in her work all kinds of views are raised and even 

if they are not all supported, people have more chance of finding understanding (Interview, 

Row-Farr, 2019). An opportunity to reflect on current relationships, side-by-side with people 

through an embodied response, helps people to develop new futures together. 

 

Blast Theory use gaming techniques to drive the narratives in their work. Similar to interactive 

virtual reality games, the strategies Blast Theory use, as Row Farr says, “must be easy to 

follow, you need the introduction, you need to know where you are trying to get to” 

(Interview, 2019). By guiding the narrative through choices that head towards a given 

objective, participants are empowered by knowing what happens if it goes wrong and 

rewarded when things work out. There needs to be a sense of reward somewhere that is felt 

physically, and so an artificial construct is used to coach a person’s experience in that 

environment so that it can facilitate the required experience. In this way a sense of 

achievement is constructed within the work. The environment is the most important thing, 

and the game an invitation to follow a narrative or journey. People engage when they 

participate together in building the narrative within the work. 

 

The aim is to reduce risk, whilst being open to extraordinary change. One of the 

uncontrollable possibilities that drive change is the fact that the real world can crash into the 

theatrical experience if people take personal phone calls. No one stops this from happening 

as phones are always on so that texts can be sent. The idea of not being allowed to have a 

phone on is of course expected in traditional theatre, so this needs to be factored in as people 

feel uncomfortable is they have to disconnect from their lives. Blast Theory allow personal 

devices to operate inside and outside their productions in the same way these devices 

operate in everyday life. 

 

Blast Theory, do not describe their work as enacting futures, but the way I have observed and 

experienced their work, they enable choice and mitigate risk. The aim is to transform ideas 

and opinions about people, social expectations, politics and behaviors by taking part in a 
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world structured for choice. Choices that appear to have no consequence on real life when 

presented within a show, cannot help but inform future decisions through knowledge gained 

in lived experience. The power for immersive experiences to be transforming is demonstrated 

through the transmission of embodied knowledge that is put into play when a participant 

agrees to join the action. By consenting to play, participants move and learn.  

 

4.4 Sustainable Futures 

 

Experiential Futures and immersive participatory theatre are a type of simulation, rehearsal 

or drill for what may happen next. Sustainable futures pay attention to the present so with all 

senses geared toward positive potentialities, there is less chance of crashing blindly into the 

unknown. What is sustained is that which works and that which is discarded no longer serves 

a purpose. Similar to scenarios designed for digitally immersive environments, where multiple 

variables are built in as part of the structural design, immersive participatory theatre must 

also be structured but open to change. For Blast Theory, Foam and Times Up, the narrative 

structure is designed so that the actors and the participants can attempt possible variables, 

know their range and explore what may or may not work. Testing out situations is critical even 

though the strength of the work resides in cultivating the unknown. Whilst immersive 

participatory theatre is not the same as a future enactment, there are shared goals in 

community engagement and towards motivating change.  

 

How to frame these interventions within performance showcases or festivals, art galleries or 

community centers is critical when considering outcomes and results. Live performance can 

be transformational so when the audience becomes the participant and has the chance to 

physical experience change, then the performance work has gravity not only in arts 

appreciation but in fostering creativity and extension of awareness and knowledge that has 

resonance across life choices and wellbeing. This is where futures meet arts and simulation 

for work place training in industry.  

 

Through reading, observing and participating in the work of companies engaged with futures 

and audience interaction, sustainable futures within all industries can be modeled through a 

futures methodology that includes embodied participatory practice. Relating to the world 
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through physical experience informs our future actions. Dance knowledge, as an extension of 

embodied knowledge, can enable a self-aware and reflective approach to how we move in 

the world. By considering our actions as a community, and playing out scenarios, we can 

witness the repercussions of our actions and make better decisions about where we are 

going. This recursive action and reflection feedback loop allows for more sustainable futures. 

If we can put systems in place that interrupt our complacency, that provoke us to look back 

and reflect on how we got to a particular point and from there look to the future, then we are 

practicing sustainability across all industries and community wellbeing.  

 

Observed and experienced through a cognitive ethnography that enhances the importance of 

teams of people physically engaged and connected to each other, technology and their 

environment, brings to bare that experiential futures produced through physical narratives 

such as those designed by Times Up and FOam, attempt to empower participants to 

proactively enable change. Participatory theatre practices or immersive theatre from Augusto 

Boal, Blast Theory or, more recently, from immersive and participatory experience makers 

such as Punch Drunk36, share the same objective. This change is produced physically through 

embodied experiences that provide participants with knowledge that enables them to make 

changes in the present, and thereby inform the future. The development of immersive digital 

environments also calls for change enacted through embodied experience. Accordingly, a 

discussion of futures and speculative design is a comparative point within this study. The field 

of futures provides not only a parallel model but it also reveals the direct intentions from 

which scenario designers of immersive digital environments can learn.  

 

Future studies and the associated cultural methods and processes demonstrated by Times 

Up, FOam and Blast Theory also give an indication of how participatory practice in immersive 

environments is embodied and can be transformative. These examples provide a 

methodology and models of collaboration that can be used to develop future focused 

simulations and art works in immersive digital environments. By questioning how simulation 

 
36 “Punch Drunk fuse theatre, film, TV, art and gaming into atmospheric experiences that defy categorisation, and which 
leave intriguing spaces for audiences to explore. In the world of Punch Drunk, you get to decide what to experience and 
what to carry home as an enduring memory.” (https://www.punchdrunk.com/about-us/) 
 



 80 

applications are developed in industry and how they are used, is useful in providing insight 

into various innovations, as well as insights into embodied knowledge transmission and 

transfer. These questions will be explored in the next chapter on transmitting embodied 

knowledge in digital simulation across industries.  

 

Methods of embodied learning that build resilience and consider the importance of 

sustainable futures are vital not only for dance but across all industries. It was critical to frame 

questions from a wide range of fields across arts and industry to speculate about the future 

direction of their practice and research. The objective was to observe in order to better 

understand the direction of current work projects, pinpoint generative processes and identify 

junctions of transformation. Speculative narratives framed within fictional stories punctuate 

this thesis and respond to each research area as each chapter unfolds. In respect to the future 

visions given by Tim Boyket and Tina Auer from Times Up, or Nik Gaffney and Maja Kuzmanic 

from Foam, and Ju Row Farr from Blast Theory, there is little sense in speculating as their 

work has already come into being in subsequent creative works since interviewed.  

 

Physical narratives, experiential futures and speculative enactment are strategies for future 

preparedness. Across both dance and other industries, the rate of change has accelerated due 

to COVID-19. There is an urgency to reconceive the way we work, our workspaces and the 

way we communicate. In this moment, everyday technology is not keeping up with our needs 

as zoom sites crash, transport is grounded and, most importantly, vaccination medical trials 

are accelerated. “What If” scenarios have become an everyday methodology alongside 

statistical modeling for policy makers, who chart potential chaos and implement strict life 

changing conditions for everyday life. Speculative story telling in the vein of futures studies is 

currently saving lives.  

 

The ability to manage change revolves around the ability to be self-aware and mindful, a 

concept looked at in depth in chapter five when focusing on dance knowledge. From this point 

of concentration, the ability to improvise and manage change is possible. Improvisation is a 

component of the dance knowledge brought to this study, and one identified by cultural lab 

FOam as integral to experiential futures. Due to the current rate of panic due to COVID-19, 

hypothetical futures are not being just projected and practiced, but observations on a world 
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scale across continents are providing new social models that include more digital platforms 

for communication within communities across continents. From observation comes 

improvisation and change.  

 

Once again, the way we move elicits change but movement can also restrict us, which applied 

more generally raises questions about where we think we are going. Such questions call into 

practice future forecasting methods as discussed above. In 2020, as people became frustrated 

with doing their dance, yoga and circus classes via a digital screen, they continuously asked 

about the possibilities of joining a class or holding a meeting in virtual reality. The answer is 

that the clumsiness of the headsets is restrictive, and the availability of cost-effective content 

creation limited. But the urge to be physically within an immersive digital environment is real. 

This impulse brings to light the need to create platforms in which people can move together, 

in a digital space whilst being physically distanced. Immersive digital environments for work-

based training are essential for communicating, and for increasing efficiencies and better risk 

management across workplaces. It is therefore timely to consider how such platforms can 

assist people to share these environments and experiences and connect and empathise with 

each other through a common experience. An expansive and transformational view of dance 

knowledge can assist us to reevaluate how embodied practice is by necessity shifting across 

and through digital platforms.  

 

Across the field of futures, community participation ensures co-authorship in creative 

problem solving and is dependent on physical interaction. Participation emerges as a key 

insight from my research into futures and continues to be foregrounded throughout the 

thesis. Participation means to actively take part in something that involves a level of 

interaction with others and the environment with the view to facilitating change. The value 

of participatory practice within human-computer relationships can push the process of 

embodied knowledge transmission into possible futures. One such future, that includes 

human sensing combined with machine sensing in a hybrid experience, is provided by media 

arts expert Mark Hansen (2015, p. 139) who offers insights into the potential to extend futures 

methods into industrial simulation designs. In future studies, lived and felt experience is 

privileged through enactment and the subsequent reflection on how things might be, and 

therefore are. 
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Chapter 5: Transmitting Embodied Knowledge in Digital Simulation Across 

Industries 

 

Simulation for work-based training is used in high-risk environments where it is safer and 

more economical to practice a task in a simulator than on the job. The general goal of 

simulation is for future preparedness with everyday tasks as well as highlighting potential 

dangers. Having discussed at length the benefits of futures methodologies for future 

preparedness, it is important to look at how to apply this knowledge in the context of 

simulation for industry. This chapter examines how shifts in embodiment emerge within 

simulations for immersive digital environments, and how embodied knowledge, specifically 

dance knowledge, can inform these processes. By observing, participating and interviewing 

experts in a range of industry simulations and work base training practices (education and 

academic research, aviation, transport and healthcare), how embodied knowledge is 

transmitted and transferred, as well other attributes that are defined as embodied knowledge 

are investigated.  

 

5.1 Human factors, emphasising embodied awareness for task based systems 

 

Across industry, human factors experts often use physical awareness to provide advice on 

work-based training. However, dance artists and researchers could also provide additional 

assistance in understanding embodied practices in industry. After all, dance artists who are 

constantly thinking with/through the body stem from expertise in honing the techniques 

required when rehearsing, improvising and striving for accuracy. The following discussion 

focuses on the correlation between the research/fieldwork on simulation and the ways in 

which the embodied knowledge of a dance practitioner could enrich the development of 

simulation practices in other industries.  

 

The field of human factors was originally devised as a response to time and motion quandaries 

in domestic situations. Over one hundred years ago, informed by her own experience 

managing a household of twelve children, Dr Lillian Gilbreth together with her husband Frank 

Gilbreth designed time and motion studies for healthcare to improve efficiency and reduce 
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fatigue (1911, p. 1). To date, their methodology for analysing tasks has been shared across 

other industries and remains to this day the backbone for many human factors simulation 

training. Their research involved embodied practices, such as when Lillian Gilbreth measured 

the distance from the kitchen table to the sink as a way of working through the navigational 

issues involved in catering for up to a dozen bodies within a defined space. From this she was 

able to advise on the construction of domestic environments. 

 

If Lillian Gilbreth utilised her everyday knowledge to found human factors, fatigue 

management and industrial design, then dance knowledge together with simulation in work-

based training can contribute to the emergence of new movement studies at the dawn of the 

fourth industrial revolution. Trialling virtual reality simulations across industries, informs 

insights into how simulations in industry could utilise embodied knowledge more effectively 

through future orientated processes. The insights gained through fieldwork and associated 

literature reviews highlight the importance of presence, proprioception, proximity, extended 

body, distributed cognition and tacit knowledge when creating immersive digital simulations 

for work-based training. These attributes contribute to an embodied knowledge that echoes 

dance knowledge produced specifically by a/the moving body.  

5.2 Description of data sites 

The structure of the following research is laid out as a discussion informed by data sites and 

entangled across fields of knowledge to reflect the experience of the fieldwork where 

observation, experience, interviews and literature all converge. The argument does not follow 

a traditional form with literature review, empirical studies and analysis. Providing a contextual 

and conceptual background are specific sections that deepen research through a focussed 

literature review, such as extended and distributed embodied cognition and simulation for 

work-based training. All other research folds real world discussions into published texts and 

art works, user studies and interviews as connections align, languages are shared and 

intentions differ.  

 

In the following discussion a range of descriptors for embodiment in simulation and 

immersive digital simulation environments are explored. The science of embodied cognition 

is used to describe the relationship of the body within systems. Being able to understand the 
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relationship of extended and distributed cognition to embodied experiences within 

immersive digital simulation environments helps describe work-based tasks, but only to a 

point. Language from human/computer interaction in computer science adds more to an 

account of embodied relationships in digital worlds. Similarly, the area of pseudo haptics 

helps reveal the potential of embodied illusions 37. Beyond cognitive science and computer 

science, tacit knowledge is critical for the analysis of knowledge transmission. This chapter 

includes examples from artists who have contributed knowledge to industry practices outside 

the studio. The discussion concludes with suggestions that involve interdisciplinary processes 

to integrate embodied knowledge with information transfer and skills acquisition.  

 

5.3  Extended and Distributed Bodies in Virtual Worlds 

 

In virtual reality you are represented in a digital form and may experience yourself differently 

to how you are in everyday life. You may see your hands in front of you and the front of your 

body when you look down. Or, you may see yourself in front of you, away from your physical 

body, moving in response to your own actions. In order to invest a sense of self in this digital 

representation, that expands your identity and awareness beyond your everyday physicality, 

it is essential to activate your role in a simulated task. This can be done by moving your body 

and enacting a task, like flying a plane, which requires motivation and self-determination 

thereby enabling a sense of extended presence and identity.  

 

Presence, as a state of awareness activated in immersive digital environments, was defined 

in the first wave of virtual reality. Human-computer interaction studies describe the quality 

of presence experienced within a digital environment through levels of immersion and 

interaction. Social psychology specialists Thomas Schubert and Frank Friedmann, along with 

computer scientist Holger Regenbrecht, explained presence as an embodied experience 

within digital media perception. They observe that it is possible to interact with virtual worlds 

through digital beings, stating that: “VEs (virtual environments) are mentally represented as 

meshed sets of patterns of actions and presence is experienced when these actions include 

 
37 Embodied illusions are made possible in virtual reality applications when one sense is leveraged to trick other senses into 
an illusionary perception. For example, visual dominance can trick a person to believe they are walking straight when they 
are in fact walking in circles. 
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the perceived possibility to navigate and move the body in the VE” (Schubert, Friedmann, & 

Regenbrecht, 1999). The concept of embodiment is used in digital media as a description of 

designing virtual reality with media specific affordances.  

 

An extended presence should not be confused with awareness of a disembodied experience 

in a digital environment. It is possible to interpret the experience of watching a film or a 360 

video as disembodiment as you are relaxed and there is no need to move your body. When 

the body is passive an experience may feel as though the body is obsolete, however all 

experience is embodied and understood through past physical experience and memory. What 

differentiates physical simulation from the motivation of memory or future speculation as a 

disembodied experience is the activation of a physical task. In work-based training embodied 

knowledge is gained by doing, not by dreaming, remembering or simulating an action in the 

mind. Extending presence is a whole-body practice because it requires interaction with the 

environment.  

 

The phenomena of extending one’s sense of self beyond the physical is not unique to virtual 

reality. It can also be observed in Butoh dance where the dancer not only performs the image 

of a flower from inside him or her, but also performs from within the flower. In Butoh, the 

relationship between the image and the performer is indistinguishable yet it takes on a quality 

of change and transformation. In virtual reality this occurrence was first raised by computer 

scientist Frank Biocca in A Cyborgs Dilemma (1997) and it brought attention to the idea that 

technology changes the appearance or affordances of the body, which in turn changes the 

self. As an interpretive tool, embodied cognition may not explain all virtual reality 

experiences, and therefore media studies plus emerging transdisciplinary posthuman 

languages may be required to deepen our understanding of these experiences. 

 

The question of how participants identify with a digital representation of themselves in an 

immersive virtual environment still needs further consideration. As indicated above, one 

answer can be found in media studies and the work of media theorist Jonathon Cohen (2001). 

Cohen discusses how an audience identifies with a film character and how that allows them 

to develop social skills and to see things from another’s perspective. Whether someone 

intuitively likes a character seems to contribute to how closely they can identify with them 
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(Cohen, 2001, p. 8). More specifically, Sherry Turkle, professor of the social studies of science 

and technology at Melbourne Institute of Technology, notes that, “identity extends within 

digital environments as a further part of self-expression” (Turkle, 2011, p. 178). Each of these 

ideas contributes to an understanding of how and why a user in virtual reality identifies with 

a digital avatar within a game or experience. In virtual reality when your avatar moves with 

you, you identify with it and together you become something else.  

 

In examples of extended embodiment found in serious games 38, ideas are connected to 

identity, self-awareness and presence and an intuitive sense of liking or feeling close to the 

digital image, whether human or nonhuman. It has been noted by serious games developers 

and researchers (Birk, Atkins, Bowey, & Mandryk, 2016) that being able to choose your avatar 

can be instrumental in how authentically the digital entity is embodied. This sense of self-

determination is the principal driver in allowing an embodied response in gaming activities 

for education and training. If we accept this, then to extend oneself into an immersive digital 

simulation environment it is necessary to be able to have some agency in choosing your digital 

identity, and having the choice to activate participation within a scenario is crucial in 

connecting to an extended body.  

 

In simulation for work-based training, the environment is critical in enabling the worker to 

think and train. The pilot doesn’t fly without their plane, whether in a simulation or not, nor 

does the train driver drive without their train. From the perspective of studies in distributed 

cognition, it can be argued that the work environment shares the cognitive load with the 

driver. Processes develop between the technology and the driver is part of one or many cyber-

physical systems. When looking at scenario design for workplace simulations, it is important 

to look at how systems function as a whole. Cultural anthropologist and cognitive scientist 

Edwin Hutchin’s ethnographic description of the occurrences in an airline cockpit illustrate 

this point. As he says, “it is the performance of the system, not the skills of any individual 

pilot, that determines whether you live or die” (1996, p. 16). Therefore, based on this 

 
38 Serious games are video games designed for educational purposes by industries like defence, education, scientific 
exploration, health care, emergency management, city planning, engineering, and politics. 
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understanding of an embodied response, it is important for a participant to identify with the 

avatar and to incorporate the simulation environment into their embodied interactions.  

 

Extended body is another area of enquiry within cognitive science. It defines cognitive 

processes as extending beyond the body to include objects and aspects of the environment 

in which the body is embedded (Clark & Chalmers, 1998). What is meant by embedded is, 

“being causally dependant on extra-bodily processes in the environment of the bodily 

system” (Newen, De Bruin, & Gallagher, 2018, p. 6). There are a variety of theories that 

explain the ways in which one’s relationship to objects; prosthetics, tools, ideas, 

environments and systems drive these processes (Clark, 2017; Clark & Chalmers, 1998; 

Newen et al., 2018). However, in a virtual reality environment where a participant can inhabit 

a digital avatar, their self-awareness within this alternate physicality suggests an emergent 

cognitive embodiment, specific to this experience. By applying theories of extended body to 

virtual reality environments, it is possible to gain an insight into how a user may activate a 

digital space beyond their body, navigate virtual worlds and embody an avatar. Embodied 

cognition, which includes approaches characterised as extended, situated and distributed 

cognition, opens the discussion about diverse physical presence in virtual reality but cannot 

provide theories that fully describe that experience.  

 

Both Kirsh and Hutchins provide descriptors that enable some comprehension of what it is 

like to inhabit an avatar in a virtual reality environment. Extended body theory according to 

Kirsch (2009) is an aspect of embodied cognition (Varela et al., 2017) that refers to extending 

yourself into your world through tools, technology and media, as well as relating to how you 

manipulate your environment to manage that experience. Distributed cognition (Hutchins, 

2006) refers to how a person and their environment can think and operate as one system, or 

a combination of interconnecting systems. These frameworks have been applied across dance 

and other industries in training and performance and are still relevant in analysing immersive 

digital environments. 

 

Hutchins, along with cognitive scientists James Hollan and David Kirsh (2000), propose that 

the theory of distributed cognition lends itself to a human-computer interactive dynamic 

since it entails looking at the whole environment and how the world is enacted through that 
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environment. They go on to apply this theory to human-computer design. Their suggestion is 

that people make meaning in their environment to problem-solve through creating visual and 

tactile scaffolding for imaginative, strategic and management purposes. This suggests that the 

relationship between people and technology is similarly distributed in space, is culturally 

embedded and dependent on social or workplace systems.  

 

By understanding the relationship of a person to their environment provides a better 

understanding of how to activate a digital space beyond the physical body. Kirsh in his paper, 

Embodied Cognition and the Magical Future of Interaction Design (2013), suggests that the 

body is a prosthesis, and any other tools that we incorporate into our worlds are extensions 

of ourselves. Kirsh explains how we incorporate tools into our thinking and how our bodies 

change and shift in response to this contact. In this example, we are still connected to our 

physical body and extend its capacities through movement in a feedback loop with the 

environment. This theory illustrates how one can activate a digital space through tools 

extended away from our bodies and, more importantly, the feedback loop highlights how our 

physicalities and modes of embodiment shift.  

 

In research concurrent with Kirsch’s investigations, neurophilosopher Julian Kiverstein 

proposes that the bodily actions in contact with environmental resources count as constituent 

parts of cognitive processes (Newen et al., 2018, pp. 18-19). He uses the example of how 

integrated smart phones have become in our daily lives, to the extent that some people use 

their phones to daydream. The use of such tools like smart phones, computers and cars, are 

examples of the way theories of extended mind can help us understand how things once 

considered separate from the body can be incorporated as part of our body-minds. 

Kiverstein’s examples resonate with Kirsh’s example of the body as prosthesis. In contrast, 

philosopher Frédérique de Vignemont who researches notions of self-awareness, points out 

that the embodiment of tools does have limits, insofar as body awareness is contained within 

a field of reference (Newen et al., 2018, p. 391). In other words, embodiment is still grounded 

within the physical self, yet retains the capacity to be extended beyond the physical. Without 

a field of reference however, the sensations that are registered through an extended body 

scenario risk being perceived as disembodied. 
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The body’s field of reference is the environment, whether this be digital or non-digital. This 

relationship is complicated and difficult to consider as separate entities coming together. 

Posthuman theorist Karen Barad’s theory of diffraction is relevant on this point. As she points 

out, “intra-actions enact agential cuts, which do not produce absolute separations, but rather 

cut together-apart (one move)” (2014, p. 168). This is because connections between people, 

the environment and culture are entangled. Each perspective can be teased out and 

recognised as different, adding to Barad’s argument that allows a moving through of internal 

and external viewpoints, which renders each feedback loop as an iteration. 

 

Kiverstein’s theory raises questions in respect to the feedback loop incorporating prosthesis 

such as a phone, in terms of how our physicality adapts. Virtual reality guru Jaron Lanier and 

his colleagues acknowledge this question and agree “… mediated bodies interact with the 

environment and provide feedback to the user — actually changes their sense of not only 

their surroundings, but also their own bodies” (Won, Bailenson, Lee, & Lanier, 2015, n.p). This 

echoes Kiverstein’s suggestion that the relationship between the person and the environment 

is dependent on a two-way feedback loop (Newen et al., 2018, p. 18). Lanier and his 

colleagues also consider embodied sensory information as key in studying how people learn 

to inhabit their avatars. As they note, “mediated perception makes it apparent that we are 

influenced by the constraints and affordances of our senses, through which we experience 

the world and ourselves” (Won et al., 2015, p. 242). In turn the feedback loop between the 

person and the environment is how extended body theory can inform interpretations of how 

virtual worlds are navigated. A virtual reality experience is an embodied experience grounded 

in the physical relationship with the environment, yet still presents possibilities to extend 

one’s sense of awareness into virtual space. 

 

By moving through a virtual choreographed scenario, actions are played out that can prepare 

the participant for workplace actions. As Kirsch (2013) explains, we use our bodies as 

simulation devices to physically model things. He uses the example of dancers marking 

choreographic phrases to aid them in mastering a performance. It does not matter that the 

simulation is imperfect, but rather that the physical scaffolding provides the cues to learning 

more about the action. This practice is proven to be more beneficial than simply watching 

someone execute a task and then doing it yourself, and it supports the argument for 
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embodied learning. When someone does the movement, the action is personalised and gains 

meaning by understanding things physically, rather than just thinking about it.  

 

Consider when someone manipulates his or her environment, it’s a form of simulation as their 

actions assist them to problem solve or think something through an embodied practice. 

Interaction with our environment involves a form of anticipation in which our expectations 

are made complete through our personal understanding of the world. Kirsh argues that if 

internal simulation counts as thinking, then so does external simulation, or enacting oneself 

in the environment. Whether that be on a micro scale as in marking or doodling, or full-scale 

role-play all these relationships promote and constitute thinking (2002, p. 5). Kirsh goes so far 

to suggest that if we “change our body enough … maybe we can even think what is currently 

unthinkable” (2013, p. 2). 

 

It becomes evident that in moving the boundaries of analysis out beyond the individual, 

cognitive accomplishments are the result of larger systems of people and machines working 

together. In fact, this is how industry 4.0 has been described in respect to the efficiency of 

distributed systems (Camarinha-Matos et al., 2017). Current trends within industry 4.0 have 

been discussed as instances of distributed cognition systems that work across cloud platforms 

and shared servers (Chen et al., 2017; L. Wang & Wang, 2016; Xu, Xu, & Li, 2018). Further, 

when considering industrial workplace operations, human factors experts insist that 

“situational awareness is distributed in systems that include human and machine, and a 

consistent coordination among them is necessary to ensure safe operations” (Walker et al., 

2010, p. 9). Walker et. al. call for the necessity of a shared cognition due to the distributive 

nature of process plants and the focus on the whole system, observing that “safe operations 

are determined by the operators’ ability to interpret the available information, collaborate 

with different teams and deal with the escalating situation based on their experience and – 

resulting from the interactions that take place in the system” (2010, p. 9). All in all, distributed 

cognition within industry practices and workplaces appears to be critical in industry 4.0 

because there is no centralised control.  

 

An image of an invisible information network activated in part by humans and in part by 

machines, whether this is in companies, across countries or global alliances, comes to mind. 



 91 

Where does the self begin, and where does it end? From a global view and moving back to 

discrete industries, I follow this question and track the processes inherent in the transmission 

and transfer of embodied knowledge. It is my view that embodied learning can be discussed 

though terminology that draws on cognitive science and media studies, and new language yet 

to be developed that considers the unique embodiments developed from immersive digital 

simulation environments. Looking specifically at the role of simulation training and how and 

why it is used in education, aviation, transport and healthcare allows a better understanding 

of specific modes of transmission and transfer, both verbal and non-verbal.  

 

5.4 Training to Move  

 

Whilst the history of simulation for work-based training stems back to the military drills of 

early twentieth century, it could be argued that role-play involving workplace artifacts can be 

considered a form of simulation. In fact, low-tech simulation has been going on for centuries, 

and in a digital context it has been used for decades in aviation then in healthcare (Interview, 

Thomas, 2019). In my study, simulation involves scenario design for work-based training using 

virtual reality immersion. Emerging as a field that typifies industry 4.0, the last twenty years 

has seen the development of sophisticated virtual reality headsets that include augmented 

reality, virtual reality and haptics that put users directly in touch with their educational 

environment. This technology is wearable, extending human capacity and experience whilst 

remaining reliant on the user’s physical interactions to allow the experience to come alive. 

Virtual reality headsets and their users are cyborg in appearance, being both flesh and metal, 

and posthuman in application by not privileging the human over the digital. Virtual reality 

technology engages the user in a heightened sensory experience, producing a realm beyond 

the corporeal, via virtual embodiments. 

 

Simulation for work-based training is usually based on teamwork, the communication 

between people within systems that incorporate machines, and remote communication 

between people and systems. As human factors expert Matthew Thomas explains, the 

construction, execution and analysis of simulations “lends itself entirely to the development 

of communication and teamwork skills” (2016, p. 206). Scenarios can be designed in a 

simulation that require specific teamwork and communication strategies to be developed and 
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practiced; for example, the surgeon who won’t listen, or the captain who continues 

operations in unsafe situations. Processes that include briefing and debriefing in a 

psychologically safe environment allow a better level of communication that might challenge 

uncomfortable hierarchies (Thomas, 2016, p. 206). 

 

When utilizing simulation 39 for transport, whether for aviation, cars or rail, the modeling 

parameters are more defined to reflect the needs of the workplace in real-world scenarios. 

As human factors expert in transport Neville Stanton explains how “simulation is a 

representation of reality, an imitation of a real process. This may be achieved through an 

operating representation of a real process obtained by means of a simulation device, which 

represents, in part or in full, the physical, dynamic, operational and decision-making elements 

of a system which is being provided. There are three major facets to simulation: the model, 

the equipment and the application” (Stanton, 1996, p. 115). So, first the model or goal for 

learning is recognised, for example, learning to land an airplane; then the equipment is 

designed to enable the scenario to be developed, which may be a virtual reality simulator; 

followed by the application of the task, which is activated within a scenario and then 

debriefed and analysed.  

 

Immersive virtual reality offers many advantages to learning, including putting participants in 

touch with objects or activities beyond their normal reach. It supports training in a safe 

environment and increases a learner’s involvement and motivation in an interactive 

environment. An increasing amount of research papers discuss the impact of simulation 

training in education, healthcare and transport, as well as research in human/computer 

relations. The next section provides an insight into the scope of research into the application 

of embodied experience and education in training simulation environments.  

 

 
39 “Simulations in work-based training are custom designed in each industry for a specific task. Those tasks range from skills 
training to practicing an everyday procedure, to preparing for an emergency situation. Simulations are therefore designed 
to test the transference and acquisition of skills, memory recall and physical response in procedural tasks, effective 
communication and teamwork as well as emergency scenarios.” (Stanton, 1996, p.114) Most human-to-human scenarios are 
practiced through role-play, whilst human/ computer interactions can utilise digital technology including mixed reality 
applications and VR. Whether the simulation is low fidelity (representing in part the real-life scenario), or high fidelity (high 
resolution environment representing all or most of the elements from the real-life scenario) depends on the intention of the 
simulation.” Likewise, it is the attention to process, team building and communication that simulation shares with dance.  
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 a.  Education  

 

Embodied learning in education is gaining traction through initiatives like the creative body-

based learning 40 founded by Katie Dawson et al (Garrett, Dawson, Meiners, & Wrench, 2018). 

Enthusiasm for this form of classroom learning has been instrumental in informing embodied 

learning in digitally immersive spaces, and it raises questions as to how embodied processes 

are transmitted and knowledge transferred. The key to embodied learning is thinking through 

doing. Many science artists and technologists who ascribe to an enactivist view of learning 

point out that we construct the world as we go, “laying down a path by walking” (Varela, 

1988, p.204). 

 

Interactive design and embodied learning go hand-in-hand because physical movements 

must activate interaction in digital environments, and it is through such movements that we 

learn. Computer scientists Scott R. Klemmer, Björn Hartmann and Leila Takayama (2006), 

advocate for embodied learning in interaction design by championing thinking through doing. 

Klemmer and colleagues point out that in prototyping, or iterative design practices, working 

through an idea is more conducive to thinking something through. From this we can conclude 

that physical action and cognition are inextricably connected emphasising the practicality of 

simulation, which not only demonstrates thinking-by-doing but facilitates learning by doing.  

 

By studying sensorimotor development in children within a Montessori school curriculum, 

Klemmer (et al) extend the work of philosopher Maxine Sheets-Johnstone whose research is 

grounded in the kinaesthetic and tactile body. Sheets-Johnstone claims that, “physical 

interaction in the world facilitates cognitive development” (2006, p. 141). Klemmer’s research 

is based on principles that emphasises childhood development as a function of acting in the 

world. Klemmer proposes other factors to be taken into consideration when studying the 

 
40 Creative body-based learning, (CBL) is an umbrella term for the use of artistic processes to deepen and enhance learning 
experiences across the Australian school curriculum, with artists and teachers working together in the classroom. Research 
shows that when children use their whole body to learn in a creative and active way, there is improved interest in learning, 
school attendance and student attitude resulting in better outcomes and increased student resilience. Teachers are also 
recognising their own professional development and learning through CBL, discovering new techniques to engage with 
students of all abilities. (Garrett, Dawson, Meiners, & Wrench, 2018) 
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body and its environment include tacit knowledge, the development of haptics, the 

integration of motor learning, and kinaesthetic feedback in computer interaction design.  

 

Education is a social activity generally undertaken in groups. Developments in educational 

technology have moved in the direction of creating experiences in mixed reality 

environments, which is one step closer to the immersive digital environment of virtual reality. 

Leading the field in embodied learning are educational researchers Robb Lindgren and Mina 

Jonson-Glenberg. In their article, Emboldened by Embodiment: Six Precepts for Research on 

Embodied Learning and Mixed Reality, Lindgren and Johnson-Glenberg (2013), argue that 

when the appropriate sensorimotor systems are engaged through multi-modal coding 

methods that consider a variety of physical responses, physical memory aids knowledge 

retrieval and retention (2013, p. 446).  

 

Physical understanding of abstract concepts in a digital environment occurs before meaning 

is understood. Studies to investigate how this can benefit learners have been conducted by a 

transdisciplinary team at Arizona State University comprising Lindgren and Johnson-Glenberg. 

For these researchers, embodied learning within a digital environment provides a physical 

map to a learning environment (Lindgren & Johnson-Glenberg, 2013, p. 449). As they show in 

their research, within digital simulation environments basic principles of space, motion and 

force arise because of the person’s sensorimotor interactions with their environment 

(Johnson-Glenberg, Birchfield, Savvides, & Megowan-Romanowicz, 2011, p. 2). Being able to 

control the movement of objects leads the participant to develop ideas about the 

environment, which leads to the development of physical understanding.  

 

Another study by Lindgren, conducted in collaboration with philosopher and cognitive 

scientist Shaun Gallagher, elaborates upon a mixed reality learning environment they created 

for middle school students to act out their predictions about how objects move in space, their 

force and gravity (Gallagher & Lindgren, 2015). This project, named MEteor (Metaphor-Based 

Learning of Physics Concepts Through Whole-Body Interaction in a Mixed Reality Science 

Center Program), was aimed at investigating how interactive metaphors can shape learning 

and engagement. Situated in a digital world, children move asteroids through physical 

interactions and predict where they will end up based on the velocity in the action. “This 
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involves an enactive metaphor in that the child identifies with the asteroid— “I am the 

asteroid”—and acts out the behaviour of the asteroid” (Gallagher & Lindgren, 2015, p. 400). 

This simulation game is driven though embodied understanding scaffolded through visual 

representation to fulfil the researcher’s aims of constructing an enactive metaphor that 

enhances learning.   

 

Most recently, Lindgren with education experts Jason Morphew, Jina Kang and Michael 

Junokas, developed an educational technology called ELASTIC3S. It’s a platform that is 

designed to enhance learning and engagement in science, technology, engineering, and 

mathematics (STEM) through embodied interaction (2019). Their research focuses on 

exploring the relationship and linkages between kinesthetic activity and science reasoning 

through concepts such as patterns of stability and change that cut across traditional content 

boundaries; for example, an earthquake simulation which was the focus of one lesson in the 

ELASTIC3S program. This gesture driven simulation allowed learners to experience knowledge 

through an alternative channel of learning transfer. As the researchers stated, by “situating 

learning of these abstract ideas in concrete actions provides accessible metaphors that 

through prompting and practice become ready-at-hand” (Lindgren et al., 2019, p. 60).   

 

In the earthquake simulation, the student uses the controls to manipulate the amplitude of 

the surface waves in order to trigger earthquakes of various Richter scale magnitudes. The 

simulation is not comparable to a survival drill, where you practice an appropriate response 

to an emergency, nor is it an example of enacted experiential future where the participant 

learns how to respond to a future catastrophe. Rather, the simulation allows students to learn 

by gaining an understanding through a physical experience. Students can measure force by 

feeling sensations and are able understand natural systems by manipulating the forces and 

experiencing their effect in their own body. In other words, they are experiencing first-hand 

embodied learning.   

 

The potential to open possibilities for generating these enactive metaphors through 

movement integrated with immersive imagery for work-based training, was one of the ideas 

triggered by the research. Gallagher and Lindgren identified that this technology is, “capable 
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of delivering perceptual cues that elicit expert actions’ (2015, p. 399), which allows 

consideration of a range of possibilities for application from school to industry. This is where 

the value of embodied knowledge comes to the fore by suggesting that embodied 

engagement is effective for learning in-situ, as a compliment or alternative to learning from 

the page.  

 

Human-computer interaction research in recent years has taken a somatic turn as recognised 

by human-computer interaction design expert Lian Loke and interactive design and dance 

knowledge expert Thecla Schiphorst (2018). Loke and Schiphorst have suggested that to 

enhance a somatic approach to technological design, “is to design technologies to support 

developing skills of experience.” (2018, p.58) These designers and artists suggest that because 

we learn through movement that a somatic approach built on sensory experience should be 

brought into the design process from the beginning. Going further to suggest that a somatic 

facilitator might lead research projects, “with the purpose of picking up where verbal 

language falls short in articulating experience.” (2018, p58) Putting this idea of a somatic 

expert as design consultant into practice Loke with design researcher Claudia Nunez-Pacheco 

led a workshop on somatic approaches for use in design process using mindfulness and 

BodyWeather techniques (2018, p.229). Insights revealed the importance of non-verbal 

expression in perception and a call to more research into language to describe embodied 

experience. Looking at how human-computer experts were adapting their language across 

design and into games and virtual spaces deepened the enquiry into language acquisition to 

describe embodied experience across digital platforms.  

 

Whole-body learning within the field of computer gaming has been advocated by serious 

games experts Florian ‘Floyd’ Mueller, Richard Byrne, Josh Andres and Rakesh Patibanda. 

They propose “that the games research field is advancing from playing with digital content 

using a keyboard, to using bodies to play with digital content, towards a future where we 

experience our bodies as digital play” (2018, p. 1). What they are highlighting is the gamer’s 

lived perspective as well as their material perspective that enable them to develop games 

that not only use the body to control the game, but also to experience the game. The authors 

insist that “we need to embrace that we both have a body and are a body” (Mueller et al., 

2018, p. 10). Where the form of human/computer interaction has changed over time, the 
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excitement around embodied learning remains positive, emphasising physicalisation and 

communication through the body, human-to-human and human-to-machine.  

 

Not all research in embodiment in digital platforms for education falls within a gaming 

platform. Potential has also been recognised for communication and conducting tasks in 

remote locations. Computer scientists Harrison Jesse Smith and Michael Neff have researched 

embodied virtual reality with the objective of enhancing communication around spatial tasks 

(2018). What they mean by embodied learning includes embodiment from the perspective of 

an avatar. Smith and Neff note that, “using a head mounted display (HMD), participants view 

the world through the avatar’s eyes, and the avatar’s movements reflect those of their own 

body, effectively embodying them in the virtual world. This technology allows people to 

interact in a shared, 3D environment and employ both verbal and nonverbal communication” 

(2018, p. 1). The extent to which a person becomes aware of their own embodiments and 

extended embodiment when engaging with an avatar leads to smoother communication in 

virtual environments.  

 

If the participant didn’t have a body in virtual reality, then it was found that their level of 

communication was lower. Its only when the participant inhabited an avatar that other 

participants felt like they were communicating with a real person. Smith and Neff note that, 

“removing the body decreased referential pronoun usage and lowered the frequency with 

which participants took conversational turns” (2018, p. 10). Referential pronouns were used 

when participants identified with their role in a particular task and could recognise others as 

actors in the space rather than as abstract agents. Their findings revealed that the behavior 

of participants was very similar whether face-to-face or in virtual reality, which is in step with 

the research by virtual reality expert Mel Slater and his colleagues (Slater, Pérez Marcos, 

Ehrsson, & Sanchez-Vives, 2009) on body ownership.  

 

The communication between participants in Smith’s and Neff’s research was not remote, 

since they were standing side by side. However, there was still transference of movement 

data tracked and presented within a digital avatar that engaged a sense of digital awareness, 

or digital kinship. This is explained further in this chapter. Within the remote communication 

set up by Smith and Neff, the virtual environment can also be discussed in terms of distributed 
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cognition, as Hollan, Hutchins and Kirsh (2000) define it. Distributed cognition in this case is 

across virtual spaces as the actual thinking occurs across two virtual reality environments. As 

the study above suggests, we are familiar with whole body communication and relate easily 

to physical representation, gestures, facial expression and movement. Through extended 

body theory, particularly as defined by Kirsh (2009) and Kiverstein (2012), we can understand 

how one can transfer their feelings of self to a digital avatar.  

 

According to Mar Gonzalez-Franco, a researcher in the EPIC (Extended Perception Interaction 

and Cognition) team at Microsoft, and virtual reality expert Jaron Lanier (2017), body 

ownership and the ability to recognise yourself in a virtual reality environment, elicits a 

presence that leads to better attention in work-based tasks. Aviation expert Andrew Stunnel 

spoke in an interview about the necessity to recognise oneself in the simulation, and the 

importance of using digital graphics that do not disrupt this focus. For example, it feels weird 

for a pilot to see his hand in a colour he doesn’t identify with (Interview, 2018). Where this 

feeling of self reaches beyond the actual physical being so that the participant can operate 

through or as an avatar as an extended self (Cohen, 2001), the recognition of others as digital 

forms can be explained as digital kinship, a term explored further in the next chapter. 

 

a) Education – Empathic Computing Laboratory 

 

Published studies are informative in acquiring a new language for ease in communication in 

the fieldwork undertaken in industry. Through reading it is understood that embodiment in 

education and industry is a contested field based on very human feelings to do with body 

ownership, distributed presence and agency within digital experience. Examining knowledge 

from research papers through personal dance knowledge, meant trialling research physically 

and discussing experience with experts, see discussion of interview with Piumsomboon. The 

embodied understanding that relates specifically to the transfer of dance knowledge to 

embodied knowledge, and then to specific applications in industry workplaces, comes in a 

large part from active participation and involvement in the projects. Over a period of six 

months, fieldwork was conducted at the University of South Australia’s Empathic Computing 

Lab where computer scientists Thammathip Piumsomboon, Gun A. Lee, Jonathon D. Hart, 

Barrett Ens, Robert W. Lindeman, Bruce H. Thomas and Mark Billinghurst conduct research 
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on telematics communication. The connection with the research laboratory was as a 

participant in their studies that were quantifying human interaction. Notes about the 

experiences were taken to inform interviews with the lead researchers.  

 

One study I participated in used an adaptive avatar for enhancing mixed reality (MR) in a 

remote collaboration between a local augmented reality (AR) user and a remote virtual reality 

(VR) user. Postdoctoral research fellow Thammathips Piumsomboon’s aim was to improve 

the local AR’s experience of collaborating with a remote virtual reality user. As explained in a 

paper published on an earlier version of the study, Piumsomboon attempted this by using a 

mini-me adaptive avatar, “which dynamically pursues the AR user’s gaze, adapts to the 

surface geometry being projected on in the AR user’s field of view (FOV), and mimics the VR 

user with redirected gaze and gestures to consistently gaze and point at the same location in 

shared space” (Piumsomboon et al., 2018, p. 2). In the scenario I experienced, the mini avatar 

is an extension of the virtual reality user’s life-size avatar and the aim is to enhance 

collaboration through a shared perspective by improving a sense of co-presence through a 

redirected gaze. Instead of a laser or finger pointing at a position, you feel as though you are 

looking directly at the object via the avatar. 

 

After participating in Piumsomboon’s study, I interviewed him to understand how he 

perceived embodiment within the virtual world. He shared his interest in the social potential 

of telepresence and considered it important that animations and avatars have full bodies so 

that they can elicit the most natural response from the user. “If there is detailed movement 

there should not be any restrictions in communicating through movement” (Interview, 

Piumsomboon, 2018).  He suggested that people read bodies through movement and that 

you needed time to become familiar with an animated presence. These scientists, like serious 

game experts, are interested in embodiment through avatars, whether that be for serious 

games or remote collaboration for industry applications. Each team would agree that the use 

of avatars increases social presence, enables people to use non-verbal facial clues, and 

supports the sharing of content. In both studies the scientists concluded that empathy may 

be improved if the avatars had facial expressions (Piumsomboon et al., 2018).  
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Figure 8. Thammathip Piumsimboon’s Mini Me user study, 2018. Image capture by Piumsimboon 

 

In the interview with Piumsomboon, we discussed what it meant to communicate physically 

across cultures as well as across digital platforms. We both agreed that it takes time to 

become familiar with social codes and the meaning of certain gestures. The topic of our 

discussion mirrored our attempts to share what we both meant by embodied knowledge 

informed by very different educational back grounds. I responded to questions he had for me 

as a participant in his study, informed by my performing arts background. I realised from 

reading research papers published by scholars at the Empathic Computing Lab, that studies 

often built on findings from past research. I recognised Piumsonboon’s enthusiasm for his 

findings and encouraged him to share his results with me. Clarity and comfort in 

communication was the aim Piumsonboon’s research and when I put my attention on these 

goals we found mutual ground and were able to discuss the role of the avatar and the avatar 

with the driver, across disciplines from manufacturing to theatre. This is an example of how I 

used my skills in working with performers in a studio environment and transferred them to 

communicating with research participants in a laboratory, to learn more about embodiment 

in remote digital environments.  

 

To conclude the discussion on simulation within education learning contexts, it is paramount 

for the participant, and those who observe them in a digital space, that the avatar is human-

like and that time is allocated for participants to become familiar with the avatar’s physical 

languages. How body ownership is activated and how these avatars are embodied, depends 
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of how embodied knowledge is transmitted and transferred through communication 

processes, which includes facial expression and gestures. Through the perspective of 

embodied cognition, avatars can be discussed as an extended body if we think of the digital 

representation as a prosthesis or an extension of self (Kiverstein, 2018). You are the avatar in 

the immersive digital environment.  

 

b) Avatars in Education  

 

It is important to note that at a time before the rise in popularity of serious games, Klemmer 

et al, in a paper titled, How bodies matter: five themes for interaction design, likened the idea 

of inhabiting a digital avatar to puppeteering (2006, p. 143). Via fieldwork, I found an opposite 

view is offered by aviation expert Andrew Stunnel who, in an interview, stated “problems 

develop when people try to drive the avatar like a puppet rather than inhabiting it. This 

complicates the experience with an extra layer of motor control” (Interview, Stunnel, 2018). 

The key point here is that the participant does not identify the digital entity as an extension 

of self. Rather, the avatar is perceived as a representation of self, to be driven at a distance. 

This suggests that extending one’s self into a digital realm is not necessarily natural or 

comfortable for everyone. Controlling the avatar like a puppet, or a representation, requires 

cognitive effort rather than an embodied response. Stunnel, shared this information with me 

because I had spoken to him about theatrical representation of embodiment using 

contemporary dance as an example.  In a simulation for aviation training, the embodied 

communication between the avatar and the environment needs to be prioritised over the 

cognitive negotiations between the participant and the avatar so that there is only a sense of 

self within an environment.  

 

Avatars can communicate with each other through visual information and haptics, which has 

been researched at the Empathic Computing Laboratory by computer scientist Ashkan F 

Hayati (2018). Hayati was able to communicate presence, fear and excitement via heart 

monitors that transmitted my own heart rate and his into the hand controllers used to 

manipulate the action in a serious game. Presence was communicated through an avatar, 

which during the study either sat or stood with me and together we responded to immersive 

digital stimulus within virtual reality. The aim of the study was to enable users to share their 
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emotional and physiological states with each other through immersive digital environments.  

The presence of avatars in this model was to create better understanding between users 

across distance by using avatars.   

 

c) Embodiment in Education and Work-Based Training 

 

Educational technology still remains largely experimental and creative in its form and 

application, as evidenced in Lingren’s published research. There is opportunity to explore the 

potential of this technology as well as the human/computer relationships through creative 

design that is not solely task driven. This is not to say that educational goals reported in papers 

such as learning about meteorites (Lindgren, Tscholl, Wang, & Johnson, 2016), earthquakes 

(Gallagher & Lindgren, 2015) and spatial tasks (H. J. Smith & Neff, 2018), or through direct 

fieldwork such as remote collaboration (Piumsomboon et al., 2018) or empathy (Hayati, 2018) 

are not important driving factor in the design of these experiments. In fact, applications that 

develop into simulations for work-based training for industry often begin in such educational 

research, and, likewise, questions that come from industry training are often fed back to 

become areas for further educational enquiry. Simulation for industry is more focused on 

learning goals than on exploring the capacity of the technology and emergent processes. 

Consequently, the transfer of embodied knowledge in industry must be job specific. 

 

How embodied knowledge is transmitted and transferred in immersive digital environments 

in education is made possible through both feeling an environment and recognising self and 

others in an environment. There are processes that include embodied knowledge 

transmission through somatic experience through embodied engagement (Lindgren, Tscholl, 

Wang, & Johnson, 2016; Gallagher & Lindgren, 2015; Hayati, 2018; Mueller et al., 2018) where 

learning happens by active participation in a task. Alternatively, there is transfer through body 

recognition and indentification with avatars (H. J. Smith & Neff, 2018;  Piumsomboon et al., 

2018; Hayati, 2018), which when supported by haptics can illicit empathy. In this case case 

embodiment is both felt and socially recognised within systems in relationship to a learning 

environment.  In each case the potenital for the development of case studies for industry 

training is recognised. 
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b. Aviation 

 

Flight simulators often come to mind when considering work-based training, and they have 

been used successfully in aviation since Edwin Link built the first in 1927. A traditional flight 

simulator re-creates aircraft flight with the aim of training pilots and practising high risk 

scenarios. The simulation includes the controls, systems and standard technical behaviours 

to external factors such as air density, turbulence, wind shear, cloud and precipitation. The 

literature on virtual reality simulations in aviation is nascent, and mostly generated by the 

major manufactures Boeing and Airbus. The research focuses on either flying a plane, 

including take-off and landing (Bauer & Klingauf, 2008; Doer, Schiefel, & Kubbat, 2001; 

Yavrucuk et al., 2011), or on the engineering of a flight deck (Oberhauser & Dreyer, 2017).  

 

In pilot training, virtual reality is presented as a more cost-efficient solution to the expensive 

and heavy traditional simulator (Yavrucuk et al., 2011, p. 14). It has also been identified as the 

best way to learn about the relations between aircraft subsystems and how these systems 

work together, as the pilot can visualise them with the aid of 3D virtual reality graphics. 

Aviation experts Kai-Uwe Doer, Jens Schiefele and Ing. W. Kubbat note that, “people trained 

in VR have a better orientation in buildings than map trained persons” (Doer et al., 2001, pp. 

1-4). When reading a map, it is necessary to understand the terrain mentally before enacting 

it. By contrast, experiences in virtual reality allow for the direct transfer of somatic experience 

to sensing the environment in everyday life.  

 

Flight deck engineering and design is an essential part of the overall system involved in flying 

an airplane. In a study by aviation experts Matthias Oberhauser and Daniel Dreyer from Airbus 

(2017), engineers were provided with a tool to evaluate their design, using a human factors 

methodology, in a fully operational environment. They found that the virtual reality model 

needed to be coupled with the hardware model to get the best effect as it provided more 

reliable information on the human-machine interaction for human factors. As yet this cannot 

replace either desktop simulations or the full hardware mock-up (Oberhauser & Dreyer, 2017, 

p. 263).  
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The virtual reality simulation designed by Oberhauser and Dreyer contained tasks that 

included interaction with a prototype touch screen that involved pressing numerous virtual 

and non-virtual buttons in a time critical scenario. Limitations arose in learning the haptic 

environment with the virtual display, which slowed the response. There was also a limited 

field of view with a headset, which was reported to be uncomfortable, restricting movement 

and at times triggering motion sickness. These challenges can be modulated through tweaking 

the technology, and through more advanced modeling of the design. However, it was deemed 

a study worthy of further development (Oberhauser & Dreyer, 2017, pp. 275-276). 

 

a) Simulations for Aviation  

 

The effectiveness of high-fidelity, highly immersive aviation simulations using virtual reality 

allow the user to experience the feeling of flying first-hand. In an interview with aviation 

expert Andrew Stunnel from SA Sims (Interview, 2018) I was informed that experiencing 

simulations in high-fidelity to an actual experience is highly satisfying for pilots and sits well 

within their comfort zone. The technology can recreate the same sensations of movement 

and space and can recreate similar stressors on the physical body. Rather than feeling like 

practising flying in a room, the experience feels like a plane. With the addition of haptic 

displays the user has agency to move dials and buttons as they would on a flight deck, which 

allows them to practice relationships and procedures. The discussion about how a simulation 

might feel like a satisfying substitution for flying a plane developed through Stunnel’s wish to 

discuss with me whether a virtual reality application could substitute a yoga class. The mutual 

curiosity for how well a physical practice could be replicated in an immersive digital space was 

the common ground that propelled the interview. Stunnel understood that physical learning 

was my area of speciality. Finding a mutual interest and being able to flesh out differences in 

knowledge is a skill I have from working in collaborative artistic environments. Physical 

languages like aviation exercises translate well to digital platforms. Having established an 

understanding of the value of embodied knowledge the interview with Stunnel opened up to 

a discussion about which activities benefit and which might risk negative learning through 

simulation.  
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On the negative side, these aviation simulations do not allow you to touch anything you are 

not looking at. In addition, if the user needs to adapt their behaviour to accommodate the 

simulation, there is the potential for negative learning. An example of negative learning would 

be if the pilot adapted their way of looking or interacting with the virtual reality application 

due to short cuts taken in the 3D modelling design, or available haptic feedback mechanisms. 

This could result in physical and procedural habits forming that do not translate positively on 

real flight decks. Not all simulation manufacturers have access to the technical specifications 

of current flight-decks, and it can be a process of trial and error to create virtual reality 

simulations that match current practice (Interview, Stunnel, 2018).  

 

It is worth noting that working with simulations is not a failsafe for all workplaces. In an 

example reported in an aviation incident report (Angus H. Rupert, 2000), a pilot flying for Gulf 

Air felt disorientated when accelerating after a go-around. 41 A perceptual study carried out 

as part of the investigation indicated that during the go-around the flight crew experienced a 

form of spatial disorientation, which could have caused the captain to falsely perceive that 

the aircraft was ‘pitching up’. He responded by making a ‘nose-down’ input and, as a result, 

the aircraft commenced to descend. The aircraft was destroyed on impact, and all 143 

persons on board were killed. In the conclusion of the report it was noted that the spatial 

disorientation and information overload experienced by the flight crew over-road their 

experience in a simulator. Air safety incident reports are an important source of information 

about human error. 

 

Simulation can also be used to provide additional information during a flight. In a published 

study by TNO 42 researcher Chris Jansen discussed with dance researchers for Inside 

Movement Knowledge LAB week (Karreman, 2010) his research on “tactile displays”. These 

devices are placed on a vest that incorporate a device that can be used to help helicopter 

pilots hold their position and land in areas with low visibility by responding to the pilot’s skin 

condition. The benefits of the vest, as an eyes-free orientation device, is its ability to leverage 

 
41 A go around in aviation is a flight path taken by an aircraft after an aborted approach to landing. 
 
42 “TNO is a knowledge organisation that focuses on applied science.” (https://www.tno.nl/en/) 
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tactile sensory information over visual feedback so the pilot does not have to look at both the 

controls as well as outside the window. The tactile feedback in the form of a vibration that 

represents ground speed, or drift, is very quick and can be actioned immediately. The tactile 

vest has further value in its application with astronauts to identify a stable position in 

relationship to the space station in zero gravity conditions, which helps decrease motion 

sickness. Wearable technology is another frontier in work-based training and task analysis 

and from this example could be worked into simulation training programs with great effect.  

 

Tactile displays on a vest that represent where a body is in space, ground speed and drift is 

an example of sensory substitution that will be described later in this chapter. When the eyes 

are unable to give accurate feedback, touch is substituted to inform a procedural task like 

landing a helicopter. This example is not of sensory substitution in an immersive digital 

context but could be practiced in a virtual reality simulation with accompanying haptics. There 

is potential to develop applications that utilise sensory substitution within virtual reality 

without the risk of a real-life scenario. Sensory misalignment, when one part of the body 

responds in place of another is also an area of fascination for artists as explored later in this 

chapter where I describe how Eugenie Lee displaces pain as an example of how chronic pain 

does not always reside in one part of the body.  

 

Simulation training for aviation functions best in high fidelity scenarios, that include haptics, 

correct spatial orientation and gravity. On the other hand, pilots and aircraft workers can 

adapt to understanding their environment through sensory misalignment, and such practices 

are gaining traction in environments with poor visibility. Both precision in operations within 

an aviation environment and application of alternate sensory readings are important and 

complimentary. In these instances embodied knowledge is being used to fly the plane, which 

is transmitted in the relationship between the pilot and their environment, both in an 

immediate sense within the plane itself as well as over wider terrains. This is where humans 

and non-humans come together in a seamless way.  
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 c.  Transport 

 

Focus on the way simulations evoke embodied responses through movement within 

simulation environments continues by extending my enquiry to other modes of transport in 

this case, train drivers. I chose to speak to an education simulation trainer as I was aware that 

simulation practices for rail often employed actors and similar to performing arts 

professionals, simulation experts are concerned with how people read a scene. By practicing 

scenarios in simulation environments, participants can become more familiar, skilled and 

better prepared for the workplace. Advancements in the use of rail simulations for train 

drivers 43 is a case in point, which has been focus for research for many years. My contacts in 

the field of human factors put me into contact with simulation educator Tony Mildred at 

SYDAC. According to Mildred (Interview, 2018), who was interviewed early in this research, 

drivers are drilled on rules and enacting correct procedures to such an extent that there is 

very little wriggle room for relying on expert knowledge in the moment. As Milred states: 

 

Knowledge of rules is like a rite of passage in industry you have to know them inside 

out so you can then know what to do in a given situation. The problem with that is 

that rules don’t cover every situation. So, drivers find themselves little bit stuck 

sometimes without the conceptual framework to think about something that was 

different. We were trying to change the way the drivers thinking, trying to build new 

mental models so they can look more abstractly at what was in front of them 

(Interview, Mildred, 2018). 

 

The state of mind that is required for driving a train and the experience of coping in real times 

is a concern for Mildred. This issue is similar to mindfulness, which will be discussed at length 

in the following chapter on dance. In this section I discuss the difference between mindfulness 

in a static environment where rules are fixed, and a dynamic environment where the worker, 

in this case the train driver, is aware and responsive to variables. How people learn is 

 
43 For rail, simulations are developed to train the eyes of the user through visual cues. The visual information provided to the 
user is created in consideration of what is appropriate and what is not too distracting. Visual information includes digital 
characters that are believable with realistic movements and those that trigger awareness for context and action. It is a fine 
line between too much and too little information. 
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indicative of their work environment and their work culture. There is a generation of train 

drivers who are proud of their ability to recall and enact rules, which qualifies their place in 

the hierarchy of workers. However, there is also an unwillingness to see outside the rules and 

practice simulations in dynamic scenarios, which may lead to future error (Interview, Mildred, 

2018).  

 

This anecdote leads to other questions that inform a more mindful and open response of how 

people communicate the things they feel in a simulation. Mildred spoke about the goldilocks 

effect, where the discussion between him and the drivers focused on those aspects of driving 

that may feel too much, too little or just right. This feeling, or sense, is based on perception 

and there is no technical language in which is can be described. An example that illustrates 

this is one that SYDAC is currently conducting in India where they are developing a simulation 

for truck drivers. It’s using a single simulator that represents nine different buses, all of which 

feel different. Some are long, some short, some are heavy, some old, and some have power 

steering while others don’t. One of the things the truck drivers were saying when using the 

simulator was that the steering didn’t feel right. It had something to do with weight, but it 

was hard for them to enunciate as this knowledge sat below the surface and so was not easy 

to talk about. It is Mildred’s job to put himself in their shoes, take people’s perceptions and 

distil them into a common language that the technical team can understand. Mildred states:  

 

A driver feels everything, sees everything and everything is in the forefront of their 

experience, so they become an expert in that sort of stuff. It all disappears into their 

subconscious and they have a certain amount of muscle memory and they do not have 

to think about every little thing, it comes naturally. Then when you get someone who’s 

in an environment that doesn’t feel quite right to them and asked them to describe in 

detail something is there in their subconscious it’s really hard to bring individual aspects 

to the surface it’s really hard. It’s not a natural skill to communicate in that way. 

(Interview, Mildred, 2018) 

 

Again, there are no hard and set rules or ways of doing things, and the processes and 

communication between the simulation educator and the train driver is based on an 

embodied, mindful and tacit knowledge that is very hard to define. This embodied knowledge 
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depends on the drivers’ relationship to the environment, road or rail track, the periphery 

visuals as well as the vehicle. The communication depends on how to verbally describe an 

embodied haptic sensation. In most cases such information is often best demonstrated 

physically rather than using spoken descriptors. Having gained an understanding and new 

vocabulary through literature, discussions, interviews and observations it became apparent 

that nonverbal communication and the haptic experience, as a medium of transference of 

embodied knowledge from person to person, could be investigated further. 

 

 d.  Healthcare 

 

a) Performance 

 

Medical professional and scholar Roger Kneebone advocate an embodied, hands-on approach 

to learning, and has attempted to close this haptic gap by collaborating and learning from 

crafts people and performers (R. Kneebone, Schlegel, & Spivey, 2018). Kneebone would like 

tacit knowledge to be transmitted not only from master to apprentice but also between 

artists and performers to medical professionals. He has observed that material knowledge 

such as sewing and knitting are being lost in this digital era in which screen time is prioritised. 

He says: 

 

We have found that craftspeople and performers can work fruitfully alongside 

scientists to address some of the challenges. We have also dis-covered striking 

similarities between the observational skills of an entomologist and an analytical 

chemist; the dexterity of a jeweler and a micro surgeon; the bodily awareness of a 

dancer and a space scientist; and the creative skills of a scientific glass- blower, a 

reconstructive surgeon, a potter and a chef. (R. Kneebone et al., 2018, p. 118). 

 

The art of performance is brought into focus, alongside improvisation and illusion, in a lecture 

titled ‘Dissecting the Consultation’ (Kneebone Roger, 2018) written by Kneebone in 

conjunction with magician Will Houstoun. In this paper Kneebone explores the integration of 

scientific knowledge with the human interactions and empathic connections that occur 

between doctor and patient. Houstoun notes, “in conversation with Roger, I learned that the 
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fact that magic can only happen in the collaborative space between the magician and the 

audience makes it similar to the clinical consultation, which can only exist with a collaboration 

between the physician and patient” (2018, p. 3). Improvisation, which has been discussed in 

this thesis in relation to future enactments, mindfulness techniques and work-based training 

(Dane, 2011), is also connected to tacit knowledge (Polanyi, 2012) and the ability to act on 

knowledge acquired over time in the work environment. Gaining tacit knowledge is the 

process of gaining skills through embodied knowledge over time.  

 

b) Embodying Avatars 

 

The healthcare industry has been using simulation methods for hundreds of years via 

cadavers. According to medical education expert Paul Bradley, simulations have been used 

since the 1960’s when Rescue Ann 44 was introduced by Norwegian toymaker Asmund Leardal 

(2006). The aim of these simulations is to practice surgery and other medical procedures in a 

safe and low risk environment, overseen by senior mentors who are experts in their fields. 

Roger Kneebone is unsatisfied with the ability of simulation to capture the lived experience 

of embodied practice, and he calls for further research on the strengths and limitations of 

simulations for cross-disciplinary research (2016, p. 14).  

 

Contrary to Kneebone’s view, it could be argued that the technology does bring diverse 

physical languages into focus, which needs to be integrated and correlated with current 

developments in embodied learning. A case in point is from a study using medical students 

that focussed on embodied learning that produced tacit knowledge where the students were 

observed exploring delicate internal organs in a virtual reality environment (Jang, Vitale, 

Jyung, & Black, 2017). This training would have otherwise required cadaver dissection but in 

this case the training used either a screen-based digital educational tool, or a hands-on device 

and an immersive digital virtual reality environment to control their experience. The group of 

researchers conducting the study observed “participants are capable of successfully 

embodying virtual representations of internal anatomical structures if they can control the 

 
44  Rescue Ann is a medical simulator used for teaching cardiopulmonary resuscitation (CPR) to both emergency workers 
and members of the general public. 
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presentation” (Jang et al., 2017, p. 152). They go on to explain that the virtual reality 

environment is designed to be intuitive and similar to physical interactions in the real world, 

noting that in medical training the ability to mentally manipulate and imagine anatomical 

structures is a critical skill (Jang et al., 2017, pp. 152-153).  

 

Virtual reality is providing students with a visual representation of what they need to be able 

to see in order to operate on a patient. The movement of their hand around the image 

provides them with an embodied learning environment, and the transmission of that 

experience is in the interaction with the digital image, and the scale of that movement in 

relation to the organs and task at hand. The image of an organ is presented in a 3D format 

rather than seen in their mind. In this respect it is more like a cognitive simulation tool that 

acts as a substitute for the real organ. In this case virtual reality is used as a visualisation tool 

as well as enabling an embodied experience in work-based training.  

 

Virtual reality is also an effective tool for addressing psychological disorders including eating 

disorders and pain management as it elicits embodied simulations. This has been noted by 

psychologists Giuseppe Riva, Brenda K. Wiederhold, and Fabrizia Mantovani (2018). Riva et. 

al. define virtual reality as an embodied technology with the potential to modify the 

experience of the user. “VR experience tries to predict the sensory consequences of an 

individual’s movements, providing to him/her the same scene he/she will see in the real 

world. To achieve this, the VR system, like the brain, maintains a model (simulation) of the 

body and the space around it” (Riva et. al., 2018, p.1). Virtual reality fools the mechanisms in 

the brain and in doing so generates a feeling of presence in a virtual body and in the digital 

space around it. Hence in the treatment of mental health conditions virtual reality can 

facilitate cognitive change by modifying concepts. Such concepts can be representational of 

internal worlds as well as external worlds. Not only are digital simulations able to potentially 

prompt the modification of cognitive processes that effect behavior but there is also an 

abundance of evidence (Riva et. al., 2018) that suggests the potential for virtual reality in 

assisting physical rehabilitation and brain injury.  

 

The concept of body ownership and self-identification distinguishes Riva and collaborators 

from Jang et. al. In a study with medical students, Riva et al observed that when moving and 



 112 

cutting digital organs the students did not identify with the bodies they were dissecting, but 

rather kept an emotional distance. The embodied learning processes were observed in their 

movements around the display. In respect to the psychological applications researched by 

Riva, it is necessary to identify with the avatars and the scenario as it plays out so that one 

can begin to modify how they see and experience their own body when it is nudged and 

encouraged in the virtual reality application.  

 

c) Motivating Movement 

 

These virtual reality applications for education and rehabilitation in healthcare are examples 

of digitally immersive simulations. They are often understood as serious games since 

gamification processes are used in the design. I had the opportunity to consult with experts 

in the field at a start-up company +Life Technologies as well as the wearable computing 

laboratory at the University of South Australia. At the wearable computing laboratory I was 

introduced to a virtual reality application based around an exercise that involved moving your 

head to push a balloon to increase mobility for those with neck injuries (R. a. H. Smith, Harvie, 

2018). Ross Smith, director of the laboratory, had invited me to meet physiotherapist Daniel 

Harvie with whom he was researching how virtual reality applications might encourage 

physical rehabilitation.  Harvie’s knowledge was also informed by dance as his partner is a 

dancer. We all found a common language based on dance and rehabilitation and Harvie’s 

interest in creativity and arts based thinking led the discussion. The balloon application was 

engaging and fun, but the benefits of the exercise for physiotherapy were at the time yet to 

be tested. However, the insights gained into how scenario design can guide a participant to 

move were invaluable in identifying guided movement as a choreographic tool, which I will 

explore at length in the next chapter.  

 

Research in the life sciences, psychology and rehabilitation show that motivation strategies 

that are built into the scenario design encourage participants to move and can increase 

personal benefits. Similar to the neck injury study, scenario designer and developer Daish 

Malani from + Life Technologies developed a series of virtual reality games to assist the 

rehabilitation of stroke sufferers. These games also motivate the user to extend their physical 

capacities as a way of increasing their cognitive functions (Malani, 2018). I was introduced to 
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Malani by a dance colleague who had collaborated with him to create 3D graphics, so a 

foundation for interest in performing arts was already established. Malani is also the person 

who instigates the virtual reality meet -ups I took part in from 2019-21, which foster a 

community of practice. Add-Life technologies advertise the benefits in using virtual reality for 

brain injury rehabilitation as by motivating movement in the body, the brain forms 

connections with limbs that are impaired due to stroke. Depending on the patient Malani 

designs a scenario they will relate to and builds in reasons to move, the game might suggest 

the participant pours a cup of tea if they are elderly or shoot a goal in basketball if the patient 

is a child. The participants improvements, in this case, are recorded and progress monitored 

and shared with the patient’s medical specialists. I was so impressed with how the interaction 

design motivated the patient to move that I added Malani to the collaborative team for my 

movement study which I discuss in the next chapter. 

 

Traditionally medical procedures are practiced with life-sized dummies and moulage 45 or live 

actors. In this way medical students can learn procedural tasks, how to read cues from a 

patient and how to use appropriate communication. The healthcare sector is now utilising 

immersive digital technology as a rehabilitation tool, alongside advances in embedding 

medical consultations and practice with social studies and human factors concerns. Whether 

now or in the past, medical students learn through embodied practices that include 

procedural knowledge alongside learning the scale and feel of other bodies. How to feel out 

a consultation, medical procedure or surgical operation takes time, and it is in undertaking 

specific activities that knowledge is transferred from senior practitioner to student, or in the 

application of a serious game, that embodied knowledge is transmitted through the scenario 

design. In all cases embodied knowledge is enhanced on the job and in the simulation, which 

leads to an experience that is possible to describe verbally.  

 

 

 

 

 
45 Moulage (French: casting/moulding) is the art of applying mock injuries for the purpose of training emergency response 
teams and other medical and military personnel. (www.dictionary.com) 
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4.5 Feeling It Out: Tacit Knowledge in Industry Training  

 

The concept that “we know more than we can tell” was first introduced by Michael Polany in 

1966 (2009). Tacit knowledge is a field of study belonging more to the social sciences than to 

cognitive science. Cognitive psychologist Arthur Reber describes the phenomena as 

“unconscious knowing”, noting that “a goodly amount of knowledge acquisition takes place 

in the absence of intent to learn” (1989, p. 13). Furthermore, when discussed as implicit 

learning, tacit learning is described as a fundamental operation whereby critical co-variations 

in the stimulus environment are picked up (1989, p. 16). Work-based training has traditionally 

been built on an apprenticeship model whereby the trainee is immersed in a work 

environment and urged to shadow and copy a master in the trade. This is the way many 

people build up their tacit knowledge base and it is a vital aspect of work-based training so it 

is important to consider how can it be included in a digital context.  

 

According to business scholars Nonaka Ikujiro and Ryoko Toyama, knowledge creation starts 

with socialisation, “which is the process of converting new tacit knowledge through shared 

experiences in day-to-day social interaction” (2015, p. 5). They use the example of an 

apprenticeship whereby tacit knowledge is acquired through direct shared experience, 

spending time together in the same environment and sharing hands on experiences. When 

taking part in these routines and meeting the same people on a daily basis, everyday habits 

lead to building tacit knowledge. As the authors say, “in the socialization process, the 

phenomenological method of seeing things as they are is effective” (Ikujiro & Toyama, 2015, 

p. 5). By living in the world, individuals accumulate tacit knowledge through their practical 

consciousness and the dichotomy between the environment and how it is organised 

organisation is synthesised through socialisation (Nonaka, 2015, p. 5). This mode of working 

together and doing things in collaboration facilitates knowledge transfer through a 

community of practice and resonates with descriptions from embodied cognition, enactivism 

(Varela et al 1991/2019), and social cognition and participatory sense making (de Jaegher and 

Di Paolo 2007). 

 

How might this type of knowledge transfer be activated in a digital context? In a study for 

simulation in work-based training, engineers Keiichi Watanuki and Kazuyuki Kojima proposed 
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a system for educating designers who cast custom-made design products. They suggested 

that educational content could be displayed in an immersive virtual reality environment 

where the trainee would gain both the explicit and tacit knowledge of casting through a 

multimedia–based knowledge transfer system. The engineers observe “the immersive virtual 

environment catalyzes the internalization of knowledge and also enables the trainee to gain 

tacit knowledge before undergoing on-the-job training at a real-time operation site” (2007, 

p. 48). However, because this project is an early example of virtual reality in work-based 

training, it is not directly comparable to immersive virtual reality experienced through a 

headset. The components of the project included two screens and two projectors, 3D glasses 

plus a robotic force feedback hand-held device. The benefits of the study and its relevance to 

my search for evidence of the transfer of embodied knowledge, can not to be downplayed. 

The video and robotic system provided the user with the opportunity to visually and haptically 

experience the foundry workflow and to gain skills through that experience, which were 

subsequently evaluated by skilled technicians. The methodology was successful insofar as it 

combined explicit and tacit knowledge (Watanuki & Kojima, 2007, p. 57).  

 

Virtual reality expert Mel Slater makes a claim that implicit learning, or what I have referred 

to as tacit learning, may be triggered through familiar movements such as turning your head 

or reaching for an object. By placing your body in these known movement phrases its more 

likely that we will accept the virtual environment. If the environment responds to the 

participant, and the avatars maintain eye contact, then the scenario design within the 

environment will be believable (Slater, 2017). Aviation expert Andrew Stunnel, interviewed 

for this research, also mentions that swinging your arms when walking in virtual reality makes 

for a more comfortable experience that allows knowledge transfer during tasks to be less 

complicated (Interview, Stunnel, 2018). Everyday movements place the body at ease allowing 

more complicated embodied experiences to be accepted within a virtual reality environment. 

 

It is worth slowing down for a moment to consider the relationship between unconscious 

thought and tacit or implicit knowledge to examine the complexity of embodied processes. 

Whilst skirting around the use of terminology, tacit knowledge is defined by posthumanist N. 

Katherine Hayles as a cognitive state that can be applied to technical systems as well as 

biological life forms (2017). She prefers to call this state, non-conscious thought rather than 
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unconscious thought as the relationships she discusses move beyond people to include 

autonomous systems. Hayles is attempting to understand “the specificities of human-

technical cognitive assemblages and their power to transform life on the planet” (2017, p. 3). 

This posthuman viewpoint is critical to this study as it aims to interrogate not only how tacit 

knowledge is shared in human communities, but also across biological and non-biological 

matter and systems.  

 

Tacit knowledge gained over time in on-the-job training and through simulations for work-

based training, is an embodied process. Embodied knowledge is gained through the 

transmission of digital data that simulates real-world scenarios where physical actions are 

played out for the purpose of acquiring skills and expertise. Tacit knowledge is gained through 

exposure and experience over time. But can this embodied knowledge be transferred to 

another task? Breaking down embodied processes and analysing them through an embodied 

cognitive framework enables insights to be transferred from workplaces to digital applications 

and back. To add to the discussion about whole body learning in immersive digital 

environments, there is room to expand the research to include the transfer of sensory 

information, remapped and re-rendered across the senses. When sensory misalignment 

occurs extension of identity and self is up for reinterpretation. Can people learn to control 

multiple limbs? How might physical movement in virtual and non-virtual worlds change each 

other? 

 

5.6 Embodied Illusions: Where the Eye Goes, the Body Follows  

 

If you were to believe the perspectives on virtual reality offered by visual arts and film, then 

virtual reality would be described as a visual medium. Theatre is also a visual medium that 

depends primarily on visual data and the manipulation of spatial relationships using lights, 

smoke, mirrors and strings.  And through the drama of hide and seek things are never as they 

seem. Illusion is involved, imaginations are brought to life and the relationship between the 

performer and the viewer sparks a creative energy. Choreographers and directors enjoy 

manipulating theatrical tools to make an audience feel and think. In a virtual reality 

environment, visual retargeting, pseudo haptics and emergent and alternative proprioception 

are the new tools for scenario designers. Each of these terms will be explained below.  
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What if the sensory cues within a virtual reality experience, and the way we understand our 

physicality within this environment, were all an illusionary re-alignment of our senses. 

Imagine if what you saw was changing the way you think about your body and developing 

your physical abilities beyond what you could imagine? Current research in virtual reality 

across healthcare is leveraging this visual dominance 46 to explore the potential of pseudo 

haptics for rehabilitating brain injury, increasing motor control and for reducing chronic pain. 

The potential for the development of virtual reality applications in health care that leverage 

visual dominance across these alternate embodiments is discussed below.  

 

a. Haptic Retargeting 

 

I first encountered embodied illusions such as sensory misalignment, pseudo haptics and 

haptic retargeting, redirected walking and visual dominance, when taking part in a study by 

Brandon Mathews (Matthews, 2018) at the Wearable Computing laboratory at the University 

of South Australia. Immediately after participating in the study, I began the conversation by 

asking how to discuss my experience. It was through my questions about appropriate 

vocabulary and descriptors that I was able to follow up reading more studies on this topic. 

Matthews’ study, which focussed specifically on embodied illusions, involved pressing one of 

two buttons that were black but coded white or blue in a virtual reality head-mounted display. 

At times the haptics matched the visuals and other times not. What was being demonstrated 

in this study was that it is possible to reuse objects through haptic retargeting to allow more 

complex interactions within a task. Warping my perception of my hand movements and 

leveraging my vision over touch achieved this. I believed my eyes before what I felt with my 

hands.  

 

Following my participation Matthews and I discussed his aim to question how virtual reality 

can change our perception of our body in space. In my experience the experiment was 

successful insofar as I questioned whether what I saw was actual but did not question whether 

what I believed was meaningful. I was convinced through both touch and sight that my actions 

 
46 Visual dominance refers to the phenomenon where participants respond more often to the visual component of an 
audiovisual stimulus, when presented with bimodal stimuli. Research has shown that vision is the most dominant sense for 
human beings who do not suffer from sensory difficulties. 
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were correct in completing the task assigned to me. In an article written about the same study 

Matthews and co-authors explain that what was explored through the research was task 

response time, errors, presence and perceived manipulations (B. J. Matthews, Thomas, Von 

Itzstein, & Smith, 2019) p. 2). Their findings note that this system is a generic one that might 

be applied to design, interaction tasks and interactive games in virtual reality. This is an 

example of an application that could be utilised in both arts and industry. 

 

b. Sensory Substitution 

 

Artists have identified the creative and educational capacities in the field of sensory 

misalignment through collaborations with scientists. Visual artist Eugenie Lee’s work centres 

on the power of visual perception and the idea that pain is in the brain and not in the body. 

Lee’s work demonstrates that the eyes and other senses can trick the brain into investing pain 

in body parts that are not under threat. Lee’s performance artwork, Seeing is Believing (Lee, 

2018), is framed within a doctor’s consultation session placed in a gallery where the 

participant is the patient. I experienced her work at the Museum of Discovery at the 

University of South Australia in Adelaide, which is an arts/science museum. During an 

interview, Lee said that by taking on the role of the scientific expert or doctor, she was given 

permission by her audience to dictate to the participant what to do. Consultation 

relationships enable trust, which in turn allowed Lee to drive the illusion. The work was 

promoted as an interactive experience that combined virtual and mediated reality with the 

intention of giving the participant a first-hand experience of chronic pain. The following 

recounts my experience: 

 

Before I took part in the experience, I meet the artist in the gallery and began with a 

chat about VR. She quotes immersive artist Chris Milk (2015) and his promise that VR 

is an empathy medium. Upon entry to the studio space, I find myself in an office, an 

exhibition and a medical laboratory all at once. I take that as a cue for her intentions 

and enter the studio space. I sit down for my consultation and am assured that this 

experience will be customised to the questions I bring to the room. Have I experienced 

chronic pain? No. Know anyone who has experienced chronic pain. No. 
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Figure 9. Eugenie Lee’s Installation Seeing is Believing, 2017. Photo by Anna Kucera 

 

After an initial consult that included sharing information and scientific research on 

chronic pain and where it may be located, I was led through an optical illusion 

conducted with a mirror that convinced me that my hand was placed differently to 

how I felt it was. A point was made about how the mind relies on visual information 

and that this affects self-perception and investment in pain. Afterwards, I was placed 

in a small, padded room and was assured of my safety and briefed on what was about 

to happen. I was told I would experience VR whilst receiving an electric shock to my 

wrist, and then left alone. The VR graphics, created by graphic artist Andrew Burrell, 

were pictures of barbed wire and knives designed to provide scaffolding for my 

imagination and make me feel uncomfortable. After the experience, Lee debriefed me 

asking questions about the experience and advising on a rounded wellness plan that 

advocated a positive world view.  

 

Lee’s performance was inspired by the renowned rubber hand experiment, in which 

participants are led to believe their hand had been replaced by a rubber hand through visual 

and tactile simulations. Lee’s interpretation is similar to the experiment mentioned by 

neuroscientists M. Botvinick and J. Cohen in their paper, Rubber hands ‘feel’touch that eyes 

see (1998). The experience of the performance artwork led me to think about the relationship 

between body and sensory information. If one sense can be leveraged to alter one’s self-

perception and proprioception, then the potential for these illusions to be applied in virtual 

reality experiences to remedy health concerns, pain and challenges are significant. This led 

me to consider what choreographers could do with this knowledge about embodiment in 

virtual reality. Lee, in collaboration with virtual reality designer Andrew Burrell, did not 
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choose an immersive digital environment to motivate the participant to move, embodied 

awareness in this case was apprehended through internal sensations thereby expanding 

notions of embodied participation within the skin Cloaks and mirrors have always been the 

tools of artists, so it is only a matter of time before artistic applications come into play.  

 

Even though Lee’s work has an artistic outcome, there are various studies in the healthcare 

sector that confirm the use of virtual reality to overcome chronic pain. By examining the 

difference between extending the range of tactile sensory information to trick the mind with 

what we see and experience, or triggering pseudo haptics to forge new neuro pathways, it is 

possible to discover how the senses can be controlled to expand our capacities. In the paper 

“Sensory substitution and the human–machine interface” (2003) neuroscientists Paul Bach-

y-Rita and Stephen W. Kercel explain how sensory substitution can occur across sensory 

systems, for example producing visual input through touch sensors. As the champions of brain 

plasticity, defined as “the adaptive capacities of the central nervous system – its ability to 

modify its own structural organization and functioning” (Bach-y-Rita & Kercel, 2003, p. 1), 

they herald hope that sensory substitution can offer practical devices for people with sensory 

loss. They are also looking beyond restoring lost senses towards an expansion of human 

sensibilities (2003, p. 5). 

 

Bach–y-Rita and Kercels describe sensory substitution in this way: 

 

Sensory substitution can occur across sensory systems, such as touch-to-sight, or 

within a sensory system such as touch-to-touch. In one experiment, the touch sensory 

information via a glove containing artificial contact sensors was coupled to skin 

sensory receptors on the forehead of a person who had lost peripheral sensation from 

leprosy. After becoming accustomed to the device, the patient experienced the data 

generated in the glove as if they were originating in the fingertips, ignoring the 

sensations in the forehead (Bach-y-Rita & Kercel, 2003, p. 1).  

 

Research on sensory loss and multimodal sensing, however manipulated via sensors or virtual 

reality, has been an ongoing concern in healthcare for decades. The way the body registers 

and acts on sensory information has been recorded since American psychologist James 
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Gibson reported that a thing may not look like it is when communicating about 

misinformation in affordances (1977). He notes that “awareness of the world and one’s 

complementary relations to the world are not separable,” and furthermore, “if 

misinformation is picked up misperception results” (Gibson, 1977, p. 13). For example, the 

edge of a cliff affords falling off; however, when a piece of glass is placed across the abyss, it 

no longer affords falling but still looks dangerous. The haptic information from this tread can 

be overthrown by the visual information. This is an example of visual dominance, which to 

date has defined the direction of research into sensory misalignment. An example of this is 

vividly displayed in Sony Pictures’ virtual reality movie promotion The Walk 47 where you can 

walk a tightrope between the two world trade centers. For those watching, a fear of falling 

from what they can see overrides their knowledge and feeling of being on the ground.   

 

This phenomenon is apparent in immersive digital environments where visual information 

often overrides haptics or prior knowledge. Informing this area of research, human/computer 

interaction expert Frank Steinicke, virtual reality specialist Gerd Bruder, computer scientists 

Timo Ropinski, and Klaus Hinrichs have all written on the phenomenon of redirected walking 

(2008). Early model virtual reality was usually tethered to a processor in small lab spaces. To 

compensate for these restrictions, the researchers designed a program in which users could 

unknowingly be redirected and guided through an arbitrarily sized virtual environment where 

the virtual paths differ from the paths tracked in the real working space.  

 

By leveraging visual dominance over proprioceptive and vestibular senses the user is guided 

along a path that is different from the path in the virtual world. For example, the user thinks 

they are walking straight in the virtual world while small rotations of the camera redirect them 

to walk unconsciously in circles in the real world (Steinicke et al., 2008, p. 1). Luv Kohli at 

 
47 The Walk Is a VR application created to promote the movie with the same name. Just as Philippe Pettit did in real life, the 
VR viewers step off the ledge of the World Trade Centre onto a tightrope and begin to walk across. (http://createvr.com/the-
walk) 
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Inneroptic 48, Eric Burns from Panopto49, and computer scientists Dorian Miller and Henry 

Fuchs combine passive haptics, which are real physical props in an environment, with 

redirected walking (2005). Drawing on their findings they state that passive haptics contribute 

positively to the user’s experience if the positioning of the prop corresponds with the position 

of the object in the virtual environment (Kohli et al., 2005, p. 1).  

 

The power of illusions and virtual reality is a key area for early developers and promoters of 

virtual reality, notably Jaron Lanier at Microsoft and Mar Gonzalez-Franco. Visual dominance 

is highlighted by Lanier and Gonzalez-Franco to enable a “bottom-up multisensory integration 

mechanisms that can be manipulated to generate body illusions leveraging visual stimulation” 

(2017, p. 4). They note that proprioceptive experiences when reaching for objects can be 

manipulated in virtual reality when tactile feedback is coherent with the visual input. There 

is, however, a risk of failure when an increase in latency occurs between intention and 

perceived action. Latency or discrepancy in sensory information between what is felt outside 

the virtual reality experience and what is perceived in the experience can lead to disbelief and 

confusion or even motion sickness. Whilst small adjustments can be made via the senses to 

accommodate the misinformation, when time is not in step with the experience the 

suspension of belief is ruptured. According to Lanier and Gonzalez-Franco, the transmission 

of embodied knowledge across immersive digital platforms must be in sync to be acceptable 

(2017).  

Real tracked space 

Investigations into expanding human sensibilities through sensory substitution are a focus for 

the current wave of virtual reality applications in healthcare. Computer scientist Ross Smith 

and neuroscientist Daniel Harvie, spoke to me at the Empathic Computing Laboratory about 

their work treating chronic pain through digital illusions that rely on visual dominance (2017). 

They use knowledge from mirror therapy50 (Ramachandran & Rogers-Ramachandran, 1996) 

 
48 “With a vision of simpler, safer interventions using 3D Technology, InnerOptic is improving image-guided procedures with 
its patented 3D navigation software. InnerOptic's FDA-cleared Aim™. The software is a “GPS” for needle-based interventions, 
providing an intuitive 3D stereoscopic interface that improves a physician's ability to accurately perform complex needle 
procedures using intraoperative ultrasound.” (https://www.inneroptic.com). 
 
49 “Panopto is a digital platform for managing, recording and streaming videos.” (https://www.panopto.com).  
 
50 In 1996, mirror therapy was introduced by Ramachandran and Rogers-Ramachandra. “Under this therapy, a patient feels 
the imaginary movement of the removed body part behaving as normal body movement through the aid of a mirror. To treat 
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to create illusions using vision to augment perceived movements of a painful limb in virtual 

reality. They have tested whether perceived head rotation depends on visually suggested 

movement. Volunteers performed neck movements to 50 degrees of rotation, while a virtual 

reality system delivers visual feedback offset by a factor of 50% - 200%, thus simulating more 

or less movement than what was actually occurring.  

 

Participants indicated the direction they thought they were facing, which was measured and 

compared between conditions. The results showed that the altered visual feedback caused a 

kinesthetic drift in the direction of the visually suggested movement, which allowed Smith 

and Harvie to conclude that “virtual reality can be used to augment perceived movement and 

body position, such that one can perform a small movement, yet perceive a large one” (2017, 

p. 1). However, when I interviewed Smith and Harvie in 2019 as discussed earlier, they 

mentioned that they were not happy with the outcomes of this research as a practical 

application for treating chronic pain. During the same period, they were researching new 

ways to work with virtual reality, like the balloon game, to guide rehabilitation movements to 

treat neck pain that did not include leveraging visual dominance. The researchers discussed 

with me that the potentiality of virtual reality to assist in rehabilitation through sensory 

substitution was exciting but for them not yet resolved. Our discussion then naturally moved 

into future projections of where how technology may develop for both healthcare, social 

relationships and the arts.  

Visual dominance has been leveraged more than other senses. It is also possible to leverage 

proprioception with those who have a high level of embodied knowledge to transfer 

knowledge. To refer back to scholars, Lanier and Gonzalez-Franco (2017) who explain how 

brain plasticity51 works by using the example of a ballet dancer with remarkable 

proprioceptive abilities. The dancer was able to recognise where each limb of their body was, 

with their eyes closed. It was found that because of their training, dancers prioritise their 

 
phantom limb pain, the mirror image of the normal body part helps reorganise and integrate the misalignment between 
proprioception and visual feedback of the removed body part.”  (Ramachandran & Rogers-Ramachandran, 1996) 
 
51 “Brain plasticity refers to the brain’s ability to change structure and function. A major stimulant of brain plasticity is life 
experience. Changes in the brain that have been attributed to experience include, increases in dendritic length, increases (or 
decreases) in spine density, synapse formation, increased glial activity, and altered metabolic activity. Behaviour changes are 
then connected to changes in the brain.” (Kolb & Whishaw, 1998). 
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bodily awareness over other modalities. This example supports the contention that dance 

knowledge could be prioritised more in the future to facilitate whole-body learning in work-

based training. However, as mentioned above, proprioceptive awareness is not generally the 

dominant sensory response for most people, as visual information is the most trusted sense.  

 

Proprioception, timing and movement in space are all embodied attributes in knowledge 

transfer in virtual reality environments as they are in dance. Current research into the power 

of illusions by chief technical officer at InFlight 52 Elena Kokkinara, virtual reality expert Mel 

Slater and research scientist Joan Lo Pez- Moliner has investigated “the effects velocity-

dependent (spatiotemporal) and spatial scaling distortions of arm movements on space and 

body perception, taking advantage of immersive virtual reality” (2015, p. 1). The researcher’s 

guiding research question is what happens if vision and proprioception do not coincide? The 

example used is a hand in a distorted position or moving with a different velocity than 

intended. By endowing participants with new spatiotemporal or spatial 3D mappings between 

motor commands and sensory consequences what the researchers found was that the way 

hands moved and how the eyes registered that movement did not correlate.  

 

The results of testing the possibilities of altering perception between visual and somatic 

experience opened new possibilities for understanding embodiment in virtual worlds. 

Perception of space could be changed through aspatial and spatial-temporal distortions due 

to visuomotor adaption where an unconscious shift in visual understanding maps 

approximately to motor intention (Kokkinara et al., 2015, p. 1). The researchers name their 

technique “embodiment in VR” and speculated that this specific sense of embodiment could 

extend beyond physical space to cross boundaries through virtual worlds. “For example, one 

might be able to act in an extended virtual space, while being on a confined physical space, 

simply by adapting to amplified movements” (Kokkinara et al., 2015, p. 18). Virtual reality 

participants can both feel themselves move and see themselves move and, if the timing 

coincides between the senses, a feeling of body awareness and presence can be felt.  

 

 
 52 “Inflight VR (prior to COVID-19) created virtual reality experiences for air travel.” (https://www.inflight-vr.com) 
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There is potential to apply this research into sensory illusions and sensory misalignment in 

industry applications. This has already been demonstrated by research that is not reliant on 

immersive digital environments (Bach-y-Rita & Kercel, 2003). Virtual reality however allows 

these ideas to be manifested with ease by leveraging visual dominance, haptic matching, in-

synch timing and an embodied response. Current enquiries in healthcare (Harvie et al., 2017) 

and aviation (Kokkinara et al., 2015) have shown that by using virtual reality applications, 

small physical movements when matched to the timing of larger extended movements by 

virtual avatars result in a convincing high-fidelity experience. The potential for this to be used 

in health care to assist overcome chronic pain, body dysmorphia and perceptions of physical 

and mental challenges is immense. Where sensory substitution can enhance human 

capacities to enrich social and work-based relations it is exciting.  

 

An expanded view of body ownership is made possible through identification with a digital 

avatar and activated through participatory practice. Where will these shifting embodiments, 

not matched to scale or location within our body as we usually understand it, extend? Can we 

influence one sense over another to enable an alternative sensory experience and extend 

embodied knowledge beyond the everyday physical experience? If so, would this be a case of 

enhancing embodiment? Perhaps we are looking at a future where sensory specialisations 

are no-longer distinct or hierarchical. Personal sensory challenges, such as blindness or 

hearing loss can be equalised through substitution. Sensory skills beyond the visual can 

establish their unique value within digital world-building across both arts and industry. A 

dancer’s heightened sense of physicality might be an advantage beyond the stage by 

contributing to work-based simulation practices. The following section is literature review 

using examples from artist’s research, to question how embodied knowledge, as understood 

by artists, can inform industry. 

 

5.5 Artists Transmitting Embodied Knowledge Across Industries 

 

Deborah Lawler- Dormer53 walked into the Gus Fisher Gallery at the University of Auckland 

and saw herself making a face on a screen. It was an expression she did not recognise as hers. 

 
53 “Deborah Lawler-Dormer is the research manager of the Museum of Applied Arts and Sciences.” 
(https://www.starts.eu/profiles/deborah-lawler-dormer/about/) 
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The autonomous avatar named Leah (2017, 2018) was actually created by Lawler-Dormer in 

collaboration with Mark Sagar at the Laboratory for Animate Technologies, at the University 

of Auckland. It was produced as a technoscientific art case study. The purpose of Lawler-

Dormer’s research was to reveal complex posthuman and bioethical relationships between 

humans and digital avatars as a way of motivating debate on co-evolution and technology. 

The avatar had been modelled to show realistic facial expressions for the purpose of 

neurophysiological and neuropsychological research into emotion, agency and empathy.  

 

The creation of Leah was to assist stroke recovery through advancements in digital simulation 

training for health professionals, and Leah was instrumental in opening a window from which 

one could consider the ethical concerns involved. In Lawler-Dormer’s first encounter with 

Leah, where she looks at herself pulling a face at herself, it was not a relationship with self 

and the mirror. On the contrary, it was a matter of digital kinship between artificial 

intelligence and a human. This poses the question of how we discuss this relationship.  

 

Ethical concerns in computer-human interaction are coming to the fore across all industries. 

Dance knowledge expert Scott deLahunta in conversation with Professor Saeid Nahavandi,54 

at Deakin University, discussed these concerns regarding human and robot interaction (2017). 

Their discussion included a range of topics such as the movement of data, and machinery and 

human interaction action. For example, they addressed how human movement might 

minimise motion sickness within machines and vice-versa, and how robotic machinery 

operating through distributed systems placed both outside and within the body needs to be 

calibrated with a human environment. What was revealed through their conversation was 

those processes involving movement-shifts evolve within the momentum of the action 

created through the intra-actions of the robot and human together. Nahavandi and 

deLahunta concluded that the movements of machine along-side human data creates a 

relationship that must include the transference of knowledge that flows across cyber–physical 

environments.  

 

The matter of ethics within this discussion around the transfer of knowledge between 

 
54 Institute for Intelligent Systems Research and Innovation at Deakin University. 
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machine and human, revolved around a speculative moment in time when robots might lose 

control raising questions about what the robot’s rights might be. Navahandi, the scientist in 

the conversation, remarked that humans will not relinquish control but will use robots more 

and more to assist human tasks in surgery. As Navahandi says, “in some of the projects we 

give the robot much higher-level tasks, for example to find the incision, and then put the first 

five stitches automatically, and only then the human surgeon would come in to do the last, 

say two stitches, or last stitch” (Navahandi, 2017, p. 3). However, this raises larger questions 

about the use of robots in society and the inevitable cultural shifts that will open in respect 

to who or what should be responsible for workplace procedures and operations. As the 

culture of the workplace changes, we can ask how larger infrastructures and cultural 

expectations change in cities. 

It seems that the media and the entertainment industry can assist with this transition by 

familiarising people with the idea of robots and what they can do. However, there is still a 

gap as “robots working in a factory are one thing, but if robots are working in society, now 

you have to have infrastructure in the cities to be able to accommodate such technologies—

and the technology for future smart cities actually does not exist yet” (Nahavandi 2017, p. 8). 

To summarise, there are important questions and concerns around cultural and societal shifts 

as humans and nonhumans continue to evolve together. Answers can be found in self-

reflection and self-awareness, both tools that artists wield when questioning and 

commenting on current cultural matters.  

Societal shifts have not gone unnoticed by socially aware artists. One case in-point is 

environmental artist and researcher Keith Armstrong who works both inside and outside of 

industry. His research examines how we interact with technology in order to discover new 

ways towards creating a more sustainable world. Armstrong’s work centres on 

human/computer interface design with visions for an ecosophical future that includes an 

understanding that “we cannot exist as a singularity given our deep dependence upon human 

and non-human others” (2017, np). What he means by ecosophical 55 is the priority given to 

 
55 “Norwegian philosopher Arne Næss is the founding father of ‘ecosophy’, or Deep Ecology. He first shared his thoughts on 
the subject at the 3rd World Future Research Conference in Bucharest, early September 1972. Shortly after, in 1973, his 
pioneering paper The Shallow and the Deep, Long-Range Ecology Movement: A Summary was published in Oslo (reprint: 
Næss 2008). The year 1974 saw the first edition of Økologi, samfunn og livsstil: utkast til en økosofi, the Norwegian 
palimpsest of what was to become Ecology, Community, and Lifestyle (1989), his major contribution on ecosophy that helped 
raise environmental awareness worldwide. Ecosophy is a paradigm for ecological reasoning anchored in a genuine 
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the eco-critical philosophical concepts in his work with the aim of finding real-world 

applications (Armstrong, 2003, p. 23). As he says, “- such a praxis sits within a social and 

political agenda that emphasises the integral place of social relationships within ecological 

systems. Because of its emphasis on relationships, an ecosophical praxis involves a socially 

driven approach to art practice. Collaboration and interactivity guide both the production of 

art and the design of how it will be experienced (Armstrong, 2007, p. 1)”. 

 

An ecosophical point of view is reflected in Armstrong’s past and current artworks Intimate 

Transactions (2005-8), Knowmore (2009-2010), and Shifting Intimacies (2016). His research 

has been successfully utilised across industries including the rehabilitation of human 

movement, specifically with obesity and aging, as well as projects in dentistry (K. K. 

Armstrong, G. and Brereton M. , 2004). In all these works, Armstrong devises technology-

driven situations that require an embodied response to computer interaction, removing the 

traditional screen and mouse and instead inciting bodily sensitisations, perceptive processes, 

space and form. In this way he engages the senses, similar to ideas reflected by cyberfeminists 

and posthumanists, by merging body and technology via computations embedded within 

vehicles or the sensory fabric of the urban informatic landscape.   

 

Through a different approach, artist and researcher Jondi Keane in collaboration with 

landscape architect and artist Charles Anderson (2017), also create processes and generates 

discussions around embodied, expanded and autonomous intelligent systems. In their 

exhibition project Technics and Touch: Body-Matter-Machine they test the limits of human 

and robot proficiencies through a series of experimental scenarios, which explore feedback 

systems through perception and action cycles. The reported ebb and flow of the collaboration 

between the human and non-human entities highlighted the omission of the user as the 

driver and focuses instead on the ecology of the entire system. 

Whilst Armstrong is interested in the experience of participants in his artistic events, Keane 

and Anderson are more interested in the disappearance and or distribution of the user (artist-

 
philosophical framework directed toward practical action, both through political engagement and everyday action (the two 
combined constituting a lifestyle).” (Levesque, 2016, p.512) 
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robot-program system), which connects back to the discussion between deLahunta and 

Nahavandi about the impact of where humans are in the feedback loop within a cyber–

physical system. Keane and Anderson go further by proposing that if robots and humans are 

to collaborate then it may not be a question of integrating knowledge into one system but 

rather to “show, tell and learn” (2016, p. 2). This discussion of integrated and non-hierarchical 

systems circles back to the beginning of this chapter where industry 4.0 was discussed, raising 

questions regarding the place of humanity within a system. If the question of knowledge 

transfer is connected to collaboration across cultural networks, and within human and non-

human communication, then it stands to reason that we should research how this is 

happening so that we can better understand our position as part of a system. 

My study prioritises movement within connected systems of human and non-human bodies, 

and the transmission of choreographic understanding between the two. It is here that Keane’s 

and Anderson’s work on social choreography 56 and procedural conversations reading physical 

communication become useful in understanding the processes involved (2017, p. 2). What 

these artists observed was how participants became involved in a “social choreography” of 

extended and distributed movement within the social space, and between the computer 

interface and the robot server’s controls. Crucially, the physical movements of the 

programmers themselves reflect the behaviour of the robots in order to communicate coding 

instructions. This enactment is an example of the development of a procedural conversation 

and a notational system for developing a choreography of expanded/distributed cognition 

across cyber-physical systems (Hewitt, 2005). The work of Armstrong, Keane and Anderson 

are examples of the transmission of dance knowledge/embodied knowledge across cyber-

physical systems.  

Additional examples of chorographers applying embodied knowledge/dance knowledge 

across industries include choreographer Kitsuo Dubois (1994) and her work with astronauts, 

and artist and researcher Sarah Jane Pell (2014) in her underwater studies. Both artists work 

on navigating immersive environments, which may have application across virtual reality 

 
56 Social choreography, coined by Andrew Hewitt (2005), is a term used to refer to a tradition of thinking about social order 
that derives its ideal from the aesthetic realm and seeks to instill that order directly at the level of the body. Social 
choreography refers to the way people move around a space and each other and procedural conversations, the order in 
which they verbalise this, is insightful. 
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environments. What they do is apply their dance knowledge to practical applications in 

aeronautical work-based training. An example of this is a study conducted by Dubois, and 

recounted in an article titled Dance and weightlessness: dancer training and adaption 

problems in microgravity, where she uses a training system that she developed based on 

dance techniques to assist astronauts with their physical awareness. By applying her 

knowledge about postural control and a dancer’s specialised ability to play with their vertical 

body in space across all axes, Dubois assisted the astronauts to orient themselves in space. 

For Dubois, dancers have a comprehensive relationship to their inner workings as well as to 

their environment. They understand of how things work together and are sensitive to clues 

in their environment and can respond accordingly. By working with head control and 

perception, Dubois was able to advise and train the astronauts to align themselves in their 

environment to minimise motion sickness. This is an example of a direct transfer of knowledge 

and is a clear instance that illuminates the transfer of dance knowledge. 

Australian artist and researcher Sarah Jane Pell also works with similar issues associated with 

underwater and space research to explore the potential of embodied knowledge in weightless 

environments. Pell positions herself as an underwater artist who re-conceptualises the self as 

an aquatic cyborg discovering hydrodynamic forces through a technological exoskeleton. She 

states that her performing body “comprises the submerged body of the artist, the life support 

equipment and the body of water working together” (Pell, 2014, p. 101). Performing through 

her exoskeleton she identifies her new body as one that is inclusive of the equipment and 

exists only in the water. Pell’s views on embodied knowledge in dance focuses on heightened 

proprioceptive awareness, which she uses within her artistic practice. This pushes her 

cognitive and biological awareness to “test the technological, metaphysical and bodily 

requirements for preliminary proprioceptive kinesthetic adaptation to microgravity” (Pell, 

2014, p. 107), including altered gravity. Pell’s work has led to her current role as a citizen 

scientist-astronaut candidate in the Australia Council Fellow PHEnOM Project (a microgravity 

human research program).  

 

Both Dubois and Pell use a dancer’s embodied knowledge to inform an experience in an 

aeronautical environment which, like digitally immersive environments, is an alternate 

reality, and whilst both environments are different, each can benefit from dance knowledge. 
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As dance researchers, Catherine Stevens and Shirley McKechnie see (2000), this as an 

indication that dance knowledge is valuable across industries. Keane would also agree noting 

that “artists, poets, philosophers and dancers are able to offer a wealth of embodied 

knowledge and experience that would inflect the methods and conditions under which 

research on the body is conducted” (2009, p. 11). Keane, like Dubois, has reflected on the 

relationship of thought to micro-movements and to macro-movements within the physical 

and social environment. Like Hollan and Hutchins (2009), Keane understands this awareness 

as an example of embodied cognition and calls for the bodily intelligence and felt experiences 

of artists to provide new perspectives in science (Keane, 2018, p.23).  

 

Dubois’s and Keane’s insights into the inner and outer workings of a movement’s relationships 

to an environment highlights the importance of a felt space. Likewise, Pell through her 

identification of embodied knowledge in dance highlights proprioceptive awareness. If we 

were to contextualise digital simulation environments across contemporary dance and other 

industries as a posthuman expression, it could be said that the human-computer interface 

fades in favour of a wholistic cyborg. As mentioned above, there are many examples of 

embodied knowledge being employed in work-based training from education, transport and 

healthcare. Artists can add weight to the value of their embodied knowledge with the aim of 

seeking more sustainable futures as well as demonstrating the practicality of applying this 

knowledge in work-based training.  

 

5.8  Embodied Foresight 

In conclusion, the contexts selected for discussion indicate the degree to which, in a high-risk 

world, it is important to reign in our fears by trialling new ways to live and work. We can do 

this through simulations, which are already being used across industry as a futures method in 

low-risk settings for high-risk environments. Simulation training allows industry professionals 

to enact possible scenarios in workplaces so they are better prepared for particular workplace 

activities. The technology we have dreamed up and summoned into play is now woven into 

the fabric of our being. We have enhanced ourselves and our environment and therefore 

move differently, more efficiently, more controlled, in tune with our tools, and flitting 

between internal and external extended embodiments from moment to moment, constantly 
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learning. The rise of immersive digital environments for simulation practices is evidence of 

this trend.  

 

The transmission of dance knowledge is establishing its value across industry both within the 

function of learning through doing, and through extended and distributed embodied 

cognitive abilities in virtual environments. The recognition of valuing physical awareness 

within work-based training is also a human factors concern. If we accept this, the question to 

be asked concerns how this mode of embodied knowledge that is evolving alongside the 

technology can be advanced by dance knowledge.  

 

In a world of digital materiality and cyborgian relationships, embodied knowledge/dance 

knowledge within immersive digital environments for work-based training is transmitted by 

the body-in-action. The study of training simulations offers a deeper understanding about 

how we transmit knowledge, gain skills and develop expertise within technologically rich 

workplace environments. Part of what dance knowledge offers is recognition of the body in 

action; that one moves through tasks and solves problems though their embodied responses. 

The human factors specialists (such as Neville Stanton and Matthew Thomas), and cognitive 

science theorists (such as Edwin Hutchins and David Kirsh) acknowledge the importance of 

embodied awareness across collaborative, integrated systems composed of human and 

nonhuman entities. It would seem that the significance of dance knowledge/embodied 

knowledge can be argued on a theoretical level and demonstrated in several workplace 

activities like those mentioned earlier. However, there is yet no evidence of any specifications 

or processes that focus on specific skills, or best practice in integrating embodied knowledge 

into work-based tasks.  

 

Whilst it is necessary to define embodied knowledge in dance, and cognitive science has 

assisted in this description, the technogenic premise of immersive digital environments still 

requires a new language. To reiterate Hayles’s point, our embodied experience is changing in 

response to changes in our environment (2008). Stressed throughout these discussions, and 

in the examples and methods provided, it evident that humans coevolve with technology. 

Coevolution is amplified when the benefits come from developing our sense of digital kinship 

is recognised, such as, for example, improvements in our relationship with the environment. 
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Each example mentioned in this thesis is unique, and each has different goals. The 

commonality between them is that in each case participants are given the opportunity to 

develop their embodied knowledge. Participants gain physical experience transmitted 

through simulated digital environments, which are then activated in real life. By experiencing 

an alternative world, or rehearsing a work-based scenario, the participant emerges more 

informed and knowledgeable.  

 

Extended body theory, distributed cognition and tacit knowledge offer ways of understanding 

how embodied knowledge informs the activation of virtual reality experiences. Digital kinship 

and embodied illusions are emerging areas within the field of simulation that give rise to 

ethical, logical and intuitive questions within this new frontier. All are tightly integrated with 

theories about human and non-human relationships, and the extent that to which our 

extended embodiment across systems can bring into view the integration of flesh, metal and 

data in virtual reality.  

 

As we learn to commune with avatars and wriggle our digital tails, perhaps a more entwined 

view of us-and-them will emerge. Or perhaps we should fear our human capacity to not quite 

listen and feel another outside of ourselves and, like all newborn entities, the need to step 

forward gently slightly tripping as we go. These emergent cyborgian futures are speculative 

yet they contain our hopes and fears. Enhancing the need to include a role for dance 

specialists in industries utilising immersive simulation has been the focus of this chapter. 

Deciding on which attributes dance artists have already put in motion in immersive digital 

environments and noting how skills and knowledge has resulted in shifts in embodiment in 

their own practices, will be investigated in the next chapter.  



 134 

Chapter 6. Dance Knowledge within Immersive Digital Environments  

This chapter addresses the attributes and values of dance knowledge as they operate within 

immersive digital environments in order to explore the transformative potential of 

participatory experience. Dance knowledge as explored through the literature on dance 

research, together with fieldwork by choreographers working specifically with mixed reality 

environments, provides a further context to the field of dance studies. Embodied cognition 

as applied to simulation across industry offers useful interpretive methods that can be applied 

to immersive digital environments in dance practices. Perspectives from human/computer 

interaction can also assist in guiding questions about processes in participation and 

movement perspectives. When combined with theoretical sources, my experience as a dance 

practitioner and the fieldwork I have undertaken across industry enables me to identify the 

key areas of relevant research such as wayfinding, guided movement, digital kinship and 

mindfulness. These tools are used for the creative interpretive analysis within this study and 

will be explored more fully in this chapter. These attributes and values, which assist to define 

dance knowledge and the processes of transmission and transfer in digital environments, 

have been understood through participant observation. For example, the anecdote below 

comes from my experience of watching someone observe another participate in a virtual 

reality experience before they have tried one themselves. 

 

The blindfolded woman stands in an awkward position, her hands gesturing in front of 

her, she gropes at the air. Turning in circles she pauses, turns backwards and repeats 

herself. Dressed in a virtual reality headset she appears blind folded, but seeing and 

sensing, whilst those who are observing her are in the dark. What is shared between 

the observer and the virtual reality user is movement. As observers, we can feel that 

as she moves, what she is doing is meaningful, but what is she doing and where is she 

going?  

 

This passage offers a description of what it is like to observe someone within a virtual reality 

environment made for contemporary dance. Comparing this description with what it was like 

for me to perform as a dancer on a stage, there is a similarity in moving in an alternate 

immersive world. 
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Before the curtain opens, the dancer backstage is in complete darkness. Their 

reference points are the floor beneath their feet, their understanding of where others 

are in the space and all senses are trained towards the first cue, mindfulness and 

proprioception are primed.  

 

Dance professionals agree that there is a shared sense of embodiment across immersive 

environments, as Peter Sheedy from the Adelaide College of Arts Flinders University 

commented to me whilst viewing dancers expressively trialling virtual reality dance, “dancers 

love immersive environments, they are trained to be aware of themselves from all sides, 

including back space. A stage under lights is very similar to a virtual reality environment” 

(Interview, Sheedy, 2019).  Such observations, highlight the points of inherent understanding 

between dancers and immersion, but how does dance knowledge evolve in immersive digital 

environments? 

 

In order to address the question of how embodiment shifts the experience of learning and 

knowledge production in digital simulation environments, I chose to research performance 

works that used virtual reality. I also meet with artists who were established in creating 

immersive performance environments in augmented digital and non-digital environments. 

Not all artists considered themselves choreographers or dancers, as in the case of the artists 

working at Blast Theory, Marshmellow Lazer Feast and Eugenie Lee. As I travelled across 

Australia and Europe, I met with dance artists including Gideon Obarzanek, Garry Stewart, 

Alexander Whitely, Gilles Jobin, Kerryn Wise, and Wholodance. All these artists’ works were 

deliberately designed and described as immersive and served to address notions of dance 

knowledge transmission and transfer. That said, it is important to establish dance knowledge 

as a beginning point for this research.  

 

6.1 Dance Knowledge 

Language acquired by dance researchers across cognitive science, philosophy and movement 

studies helps flesh out the definition of dance knowledge. It is the processes involved in 

acquiring knowledge across disciplines through participatory practice and transdisciplinary 
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collaboration that can be attributed to the transmission and transfer of dance knowledge in 

immersive digital environments. The intention of the choreographer and dancer, as a 

motivator for movement, influences the processes and the outcome of dance knowledge 

transmission and transfer. Perspectives and languages around how to define the relationship 

between the body and virtual reality technology needs to be extended and new principles 

developed, the following literature review explores definitions of dance knowledge by key 

scholars interested in the connection between movement and cognitive science.  

 

To find a shared language between dance and industry, dance knowledge was researched 

through the lens of cognitive science, especially embodied cognition. Exactly what constitutes 

embodied knowledge in dance can be tackled though the research done to identify the impact 

of cognitive studies on contemporary dance, undertaken by several dance scholars. Dance 

knowledge has been described as thinking with the body by cognitive scientist David Kirsh in 

collaboration with choreographer Wayne McGregor (2010). Dance researcher Suzan Kozel 

prefers to place dance knowledge research in the context of phenomenology (2007), while 

dance researchers Sarah Whatley and Ruth Gibson understand the relationship of the dancer 

with the dance as somatic knowledge (2012). The terminology in each case is different, yet 

the intention to describe embodied knowledge as a personal expression of identity through 

dance is mutual. 

 

Looking specifically through an embodied cognitive lens, dance scholars Shirley McKechnie 

and Catherine Stevens note in their research paper, Thinking in action: thought made visible 

in contemporary dance (2005), that “communication in dance involves general psychological 

processes such as direct visual perception of motion and force, motor simulation via mirror 

neurons, and implicit learning of movement vocabularies and grammars” (2005, p. 2). 

Breaking down attributes of dance knowledge in this way helps bridge an understanding as 

to what kind of physical knowledge is specific to dance. Distinguishing dance from sport, 

McKechnie and Stevens make a case that creating and performing dance involves both 

procedural and declarative knowledge. Procedural knowledge refers to knowledge exercised 

in the performance of a task, whereas declarative knowledge refers to the dance vocabulary 

learnt and retained within the memory of the dancer (2005, p. 11).  
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The concept of ‘enaction’ has been identified as a useful descriptor from research on 

embodied cognition for discussions of approaches to and experiences of dance. American 

dance researcher Edward C Warburton champions enaction as a way of understanding how 

the body thinks, or as Warburton prefers to say, “talk from the body” (2011, p. 68). In this 

respect, Warburton is helpful in highlighting somatic, kinesthetic and mimetic physical 

responses described as empathetic values (2011, p. 67) when identifying characteristics of 

embodied knowledge. The views of Warburton, McKechnie and Stevens serve to reveal the 

complexity of what it means to dance and how physical attributes can be extrapolated 

through a more detailed understanding of the processes involved. 

 

Moving from embodied cognition to social anthropology, it is worth picking up on the 

importance of empathic values in dance, qualities that I discuss in this chapter on immersive 

digital environments. Social anthropologist James Leach and dance knowledge expert Scott 

deLahunta have both worked with choreographer Wayne McGregor who is a leading activist 

in dance and technology. He also has a history of collaborating with scientists and academics 

about new advancements in technology that can help define and extend his own practice. 

Observing dancers in McGregor’s company, deLahunta notes that they are “aware of a 

constant negotiation of feeling and presence, of desire, shame, imposition, power, politeness, 

domination, or facilitation. These are qualities felt and worked with in making movement 

material” (2015, p. 6). Leach and deLahunta describe the relationship of each dancer’s body 

in space, to each other and their identity as expressions of who they are. They also speak of 

it as a “moral, aesthetic, social, and political aspects of persons [that] are tangible in their 

relation to others” (Leach & deLahunta, 2015, p. 6). Dancers know each other through their 

bodies and the way they move, which constitutes their sense of identity, whether their 

environment is digital or not.  

 

Personal expressions of identity connect the dancer to the dance. The overarching purpose 

of the dance depends on the choreographer’s intention. Probing these intentions reveals the 

processes involved in the transmission and transfer of dance knowledge. McGregor’s 

assertion that the body is a problem-solving entity necessitates consideration of Kirsh’s 

suggestion that gestures facilitate thought (2013). Dancers marking choreographic phrasing 

is used as an example of a dancer’s physical understanding of processes. Marking, is also 
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mentioned by Warburton as an important example of a dancer demonstrating knowledge 

(2011, p. 67). Dance practices in micro form complete with timing, phrasing, emphasis and 

spatial relationships are better understood by dancers externalising these movements with 

their hands, or motioning nominally with their whole body, as opposed to just visualising the 

movements. It has been said that this type of process, thinking with the body, is a type of 

mental simulation in physical form. As world renowned contemporary dance choreographer 

William Forsyth puts it, “what else, besides the body, could physical thinking look like?” (2011, 

p. 2). Forsyth and McGregor have built their choreographic repertoire on choreographic 

tasking and physical problem solving, transmitting a complexity of dance knowledge to a 

dance educated audience. 

 

To create choreographic content, choreographers like McGregor and Forsyth construct 

movement tasks for their dancers with the intention of expanding the dancer’s movement 

vocabulary and range. Unique movement is then processed through a conceptual 

choreographic filter to create movement phrases and dances. Tasking in the studio is common 

practice involving physical problem-solving. Dancing, as an expression of thinking or problem-

solving, is a useful way of understanding how and why a dancer moves. But is the whole body 

thinking about dancing, or do we dance for reasons to feel, communicate and connect as 

deLahunta and Leach suggest? While studies in enactive cognition would supply answers 

pertaining to these aspects of dance, the subject is not the focus of this thesis. However, the 

question is nonetheless critical in considering how dance knowledge is received by an 

audience, or by participants in a virtual reality dance. Again, consideration of the intent 

behind the development of movement gives direction, meaning and potential for the 

transmission and transfer of dance knowledge.  

 

In attempting to define dance knowledge and embodied knowledge, and the specific 

attributes that are relevant to immersive digital environments, the following points were 

identified from the research of the scholars and artists mentioned above. These attributes 

range from physical learning and rehearsal skills to affective communication. McKechnie and 

Stevens discuss the implicit learning of movement vocabularies through visual and motor 

memory, and procedural knowledge that is useful in respect to task analyses in human factors 

as well as for analysing simulation in work-based training (Thomas, 2017). Additionally, 
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Warburton’s observations of empathetic values across somatic, kinesthetic and mimetic 

physical responses, aligns with the use of virtual reality as an empathy tool. Adding to the 

importance of embodied self-awareness, social anthropologist Leach and deLahunta also 

understand the social implications of dancers when moving together and becoming aware 

not only of other dancers but also their own identities.  

 

Immersive digital environments have not evolved from performing arts theatres or cinema. 

The process I am describing is not a natural evolution of live performance forms, as the 

position of the audience has changed. In immersive digital environments the audience is a 

participant and therefore viewing is shaped by their agency and experiences. Because lived 

experience is central to this discussion, as is knowledge transmission and transfer through 

engaging, moving and dancing, then attributes and affordances that can be identified and are 

useful in their practical application, must be explored.  

 

If embodied cognition can assist as a descriptor of the dynamic processes in immersive digital 

environments, and if choreographic intentions are based on physical problem solving and 

physical thinking, then how can we refer to the intentions of a body in motion? In industry 

the intention of movement is less of a concern than is the motivation for a task, whereas in 

dance, motion and movement involve the goal, the intention and the content. By looking at 

dance works we can observe processes and intentions in an embodied experience that are 

not only unique to an immersive context but explore movement as a prime exemplar of 

knowledge transmission and transfer.  

 

6.2 Dance for Virtual Reality 

 

Virtual reality is an interactive tool that allows participants to move in an immersive digital 

environment that is similar or different to the real world. The technology that supports these 

virtual reality experiences is becoming more and more accessible to the home user. In respect 

to the user-friendly hardware and software that is available in the market, the possibilities of 

the technology include 360 visuals that are audio mapped to a visual focus, and an extension 

of a field of view that includes not only peripheral vision but also what is very close, or imagery 

from a remote location. Sound is connected to the imagery, which reveals itself through an 
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intuitive exploration by the viewer who can look around, stop and change at a pace that 

engages them. Hardware worn to view the experience is either a headset tethered to a 

computer with a micro-processor, or a cave environment where digital walls enclose the 

space.  

 

Virtual reality can be either a 360 digital environment or a 360-degree interactive space, 

which is generally tracked through hand and eye controllers. Game developer and scholar 

Brenda Laural (2016) insists that a 360-degree video alone does not constitute virtual reality 

as the experience must include the principle of action. As she says:  

 

A participant must have affordances for moving about in the scene (kinesthesia and 

proprioception). A participant must be able to take action in the world and perceive 

the consequences. This is part of the larger sense of personal agency. If agency is to 

be robust, a designer cannot maintain a strict storyline, and 360 video is a non-starter 

(2016, p. 3).  

 

An immersive and embodied experience through which the participant can interact with the 

environment is critical to the definition of virtual reality. If the experience is a 360-degree 

video only then the participatory experience cannot begin. Laurel’s views are grounded in her 

involvement in the first wave of virtual reality in the 1980s and inform her current work in the 

field. Originally from a performance background, Laurel applies the principles of live theatre 

to computer game design, specifically the active relationship between the participant and the 

experience. Participatory experience through interaction is key to Laural’s research, and in 

her account it is very much entwined with dramatic structures in theatre studies. It is 

important to consider what can be transferred from Laurel’s research in theatre to dance. 

 

Choreographers have been slow to show interest in working with virtual reality, either in a 

360-degree video context or utilising an interactive game engine. deLahunta observes that at 

the beginning of this century whilst other artists were interested in the medium, dance artists 

have shown the least interest (2002). According to deLahunta slowness in the uptake is a 

result of the interactive nature of the form, and that contemporary dance as a form is less 

likely to engage in participatory practice preferring instead theatre or live art. He attributes 
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this to the fact that “virtual reality emphasizes audience interaction, immersion, or 

participation over watching from a single vantage point” (2002, p. 1). Dance has not evolved 

in the direction of interdisciplinary arts practice since the 1970s, and it appears that 

choreographers are comfortable with the proscenium arch platform or screen-based work, 

neither of which give agency to the viewer or invite participation in the collective making or 

sharing of an embodied experience.  

 

Whether or not contemporary dance can be a participatory form, directly involving an 

audience, is a complication when using virtual reality for dance. Speculating that the question 

of how to communicate dance language could be a critical factor, deLahunta suggests that 

since dance is not verbal it is “prone as no other art form to losing its contact with the viewer, 

to stop making sense, and to generate perplexity on the deepest level” (2002, p. 2). For this 

reason, the most radical choreographers find it necessary to confine dance to the stage or 

screen to aid with the translation of the form. Perhaps this might change if there were more 

opportunities for choreographers to work closer with creative technologists. Whilst 

deLahunta’s article is nearly twenty years old, his speculative insights into the current interest 

of choreographers in virtual reality are pertinent, and “given enough support to explore and 

experiment, there is nothing that should prevent choreographers from breaking free of these 

contexts” (2002, p. 8). Looking at recent choreographic work for virtual reality the challenge 

to communicate dance language has been taken on and has crossed more easily into 

participatory practice than may have been imagined two decades ago.  

 

Virtual reality is enjoying a second wave in popularity due to accessible and affordable 

technology. Although contemporary dance choreographers have been slow in taking up 

virtual reality there has been an increase in the last few years, which is evident in the 

popularity of virtual reality presentations, mostly in media arts and film festivals rather than 

dance festivals. There is a dialogue around virtual reality that includes an arts/science 

perspective as well as a digital story telling narrative. As yet this hasn’t translated into the 

language of movement and dance. Visual arts have begun to highlight the visual dominance 

of virtual reality and claim it as an extension of the art form as reflected in visual arts journals 

like Artlink (Thwaites, 2018). However, despite this the predominantly visual approach 

ignores the proprioceptive aspects of the experience.  
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There are currently very few critiques on virtual reality dance works in Australia since the field 

is only just emerging. Notable dance artists whom I have spent time with in my fieldwork have 

experimented with an early version of the google cardboard platform, including Gideon 

Obarzanek 57 and Garry Stewart.58 Internationally, Gibson and Martelli 59 have been working 

in digital dance and simulation within their visual arts practice since the turn of the century. 

Gilles Jobin 60 and Alexander Whitley 61 have both launched applications that have been 

presented in dance programs, and Jobin has toured internationally to critical acclaim. 

Independent artists like Kerryn Wise 62 are also expanding their practice with virtual reality 

technology included in live performance. The field of digital dance is expanding not only in 

contemporary dance and performance, but also in education, as in the case of Wholodance63.  

Choreographers and educators have used virtual reality technology to begin to extend 

contemporary dance as a form, through a more personal, participatory, social, intimate and 

immersive connection with dance. The performers and dancers involved in the making of 

these works have a speculative, imagined relationship with their audience. In the following 

sections of this thesis I refer to interviews and discussions with choreographers whose work I 

am trialled and observed. The relationship that my research focuses on is how the participant 

is directly in contact with the experience via the interactive capacities of the technology. 

 

 

 
57 “Gideon Obarzanek is an Australian choreographer, director and performing arts curator. Gideon founded the dance 
company Chunky Move in 1995 and was CEO and artistic director until 2012. His works for Chunky Move have been diverse 
in form and content including stage productions, installations, site-specific works participatory events and film.” 
(https://en.wikipedia.org/wiki/Gideon_Obarzanek) 
 
58 “Gary Stewart is an Australian choreographer who has been the artistic director of the Australian Dance Theatre since 
1999.” (https://www.adt.org.au/the-company/people/garry-stewart/). 
 
59 “Gibson and Martelli are a virtual realist duo who work with live simulation, performance capture, installation and video 
to create immersive exhibitions.” (www.gibsonmartelli.com). 
 
60 “Gilles Jobin is a Swiss dancer, choreographer and director living and working in Geneva, Switzerland.” 
(www.gillesjobin.com) 
 
61 “Alexander Whitley is a London based choreographer who helms his own company. His choreographic approach is 
interdisciplinary and technologically innovative.” (http://www.alexanderwhitley.com/).  
 
62 “Kerryn Wise is a movement–based artist, researcher and performer based in the East Midlands.” 
http://kerrynwise.co.uk/) 
 
63 “The Wholodance project was a three-year exercise conducted from January 2016 to December 2018. It was funded under 
the EU Horizon 202 program. Wholodance aims at developing and applying breakthrough technologies to dance in order to: 
investigate bodily knowledge, preserve cultural heritage, innovate the teaching of dance, enrich choreography and to widen 
the access and practice of dance.” (http://www.wholodance.eu/) 
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a. Interactive Dramaturgies 

 

You have just seen a performance of Sydney Dance Company in your local theatre. You 

feel exhilarated and in awe of the dancers. You wonder how they do those amazing 

things with their bodies, how it would feel to dance like that. In the foyer you pick up 

the virtual reality goggles that are offered to you by the SDC touring crew. You find 

yourself on stage, you can see the audience and you can see the dancers around you. 

You feel them moving and hear them coax you to do some of the choreography. You 

begin to move your body, turn around, lift your arm and take a step…oh, this might be 

what is feels like… 

 

This passage recounts how I experienced the virtual reality dance Stuck in the Middle with You 

(2016) created by Gideon Obarzanek for the Sydney Dance Company. In 2017 it was part of 

the touring package for foyers in regional centres where the dance company was performing. 

The virtual reality users responded to the sensory data and the instructions were transmitted 

through the technology via guided movement. According to Obarzanek, and as 

communicated to me in an interview, users reported a higher sense of proximity and 

integration with the dance and the dancers, than when watching a stage show from the 

audience (Interview, 2017). My interview with Obarzanek was framed as a discussion about 

his choreographic work using virtual reality and informed by my knowledge of his work as 

previous artistic director of contemporary dance company Chunky Move. I began the 

interview knowing Obarzanek was interested in bridging the audience and dancer divide as I 

had followed his work with Chunky Move. The conversation we had was between 

choreographers who were both interested in virtual reality and kept in focus how the change 

of form from stage to digital platform shifted process and outcomes.  

 

Dramaturgical design that connects the participant to the experience through spoken and 

physical narratives is the strength of Obarzanek’s 360 virtual reality film work Stuck in The 

Middle With You (2016). The virtual reality experience does not rely on interactive elements 

to encourage the participant to move. Obarzanek’s dramaturgical skills in working with the 

characters’ communication with the viewer, the proximity of the dancers to the viewer and 

the pace of the movement, allow the experience to break down the fourth wall to include the 
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viewer as a player in the work. He achieves this transformation of viewer to player through 

verbalising instructions such as “stand here,” and describes a scene in order to break down 

the formal relationship between the performer and the audience by employing strategies of 

guided movement. The participant experiences what it is like to be on stage with the dancers, 

moving with the instruction of the dancers. In Stuck in The Middle with You, insights into a 

dancer’s experience on stage are shared vocally as well as through the embodied experience 

of following the dancer’s instructions.  

 

The decision to create a dance for virtual reality was shared with film-maker Matthew Bates, 

who became excited about the work showing in Cannes in 2016. He immediately saw the 

potential for Obarzanek’s vision of an inclusive dance experience to be realised through the 

medium of 360 filmic virtual reality. Disenchanted with the elitism of contemporary dance, 

Obarzanek had been trying to break down the mystification of what it was like to be a 

contemporary dancer performing on stage. Through the tools of proximity and participation 

the potential to achieve accessibility through virtual reality was exciting for both artists 

(Interview, 2017).  

 

Obarzanek shared with me the story of how he came to create dance works for virtual reality, 

his impressions of the medium and his speculations about future developments in the field. 

Obarzanek developed the work Stuck in The Middle With You from an idea he had for a stage 

show, where he took a character who verbalised their point of view about witnessing 

contemporary dance from a seated position in the audience. The character then moves to the 

stage, where he shares his point of view with the audience as an actor on the stage. 

Obarzenek was seeking a better way of communicating a performer’s perspective to break 

down the barrier between the stage and the audience and found the solution in using virtual 

reality.  

 

Collaborator Matthew Bates (Interview, 2016) says in an interview for the Australian Centre 

of Moving Image that the experience is a first-person narrative whereby the viewer is the 

camera, finding their own story within a 360-degree environment. Bates suggests that lighting 

and sound may be more important in respect to the grammar of the film narrative within 

virtual reality than in traditional editing techniques where the viewer can choose what to see, 
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with the film maker unable to manipulate their gaze. In this respect Obarzanek’s dance work 

gives the viewer some agency as the central character in the story, as well as guiding their 

movement through instructions that allow them to understand what it is to move like a 

dancer.  

 

As an established choreographer, Obarzanek considers virtual reality to be a perfect vehicle 

for dance. He feels strongly that dance is a form to be engaged with or appreciated as a 

cultural activity and as a community experience (Interview, 2017). Virtual reality can place a 

viewer in the middle of the action and involve them in the experience, thereby engaging the 

viewer in a sensory experience. The atmosphere imparted in the work is transmitted by the 

scenography and the dancer’s welcoming attitude towards the viewer. The participant feels 

what it is like to be on stage because in the virtual reality experience they are on stage. For 

the viewer, affect is activated through immersion in the virtual world of a theatre and stage 

under lights. Affect, as described by feminist philosopher and psychoanalytic theorist Theresa 

Brennan (2004), is an emotive field imparted through proximity. The participant is in direct 

contact with theatrical elements so is affected by them. With the intention of revealing to the 

viewer what it feels like to be on stage with dancers, virtual reality with its 360 field of view 

experience achieves this goal.  

 

The relationship of the dancer to the viewer further activates a direct impression. By doing 

and repeating actions, first copied then guided by visual and video representations of the 

dancers, the virtual reality application transfers dance knowledge from the body of the dancer 

to the viewer. This technique has been taken from a common method in contemporary dance 

where one learns dance through video. In this way, although the work is not digitally 

interactive it is participatory and works through cultural engagement strategies and a 

dramaturgy of participatory performance practice to involve the viewer. Spectators are also 

involved as they can witness the choreography performed by the viewer whilst waiting their 

turn. This scenario in conjunction with the future projections about the potential for virtual 

reality Obarzanek shared with me, led me to speculate on future modes of transference that 

are reliant on proximity.  
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One day in the near future we may be able to experience sport live within a 360 

environment through a virtual reality headset. There will be thousands of drones 

around the game, hovering at close proximity providing a multitude of angles directly 

to the viewer. Driving the game from the view of their favorite player, the user can run 

for the ball, feel the sensation of delivering the kick or see the base line at birds’ eye 

view the moment the serve is delivered. This would reduce the need for travel, and we 

could be part of the game and feel part of the team. After all, it is better to be involved 

and feel the excitement and urgency rather than be sidelined. But how will that change 

the architecture of theatres, the nature of betting, the role of the performer and the 

need to be in physical contact with real people?  

 

Proximity allows a personal relationship to form in virtual reality by extending participants’ 

capacities to understand what it is like to be a contemporary dancer. Obarzanek’s work 

encourages participation by using eye contact, direct communication and playing with 

proximity with the participant.  

 

In these types of experiences, it makes sense to call the participant a viewer as they interact 

with the work through visual information, whether or not this evokes an embodied response. 

On a technical level, the choreographer either collaborates with the filmmaker or uses their 

own skills in dance film to create the work. Game developers, who work with artists, have a 

different relationship to space and embodiment. Within their skill set there seems to be an 

understanding that embodiment can be extended and distributed, rather than central and 

grounded as it is in the works of Obarzanek. What follows from this is the need for new ways 

of describing how the body relates to space and engages with its environment.  

 

b. Digital Dance 

 

Game designers work with digital 3D animation use motion capture technology to sculpt 

dance data within the virtual reality experience. They achieve this by making digital artifacts 

and entities that are relatable. This is different to the relationship a viewer has with video 

imagery in a 360-degree video, which is more naturalistic. Within game engine technology, 

dancers are transformed as 3D avatars and rendered into forms by animators who mount 
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skins or visual effects upon the dance skeleton through a motion capture application like 

Optitrack. 64 Whilst the dance is captured straight from the dancer, there is no restriction to 

stay confined to naturalistic forms since the data can be produced as extended or distributed 

within the virtual world. Furthermore, game engine technologies like Unity have interactive 

capacities, allowing the user to have agency to make changes in the scenography through 

physical interaction.  

 

The technology behind virtual reality constructs the immersive environment, whereas it is 

motion capture technology that enables the dance to be recorded in the human form of the 

dancer. The relationship between motion capture technology and contemporary dance stems 

back two decades. The Open Ended Group 65, comprised of Paul Kaiser and Marc Downie, has 

forged some of the most influential work in this area66. In the last two years, choreographic 

outcomes utilising motion capture have shifted from the stage and the gallery to virtual 

worlds. For example, Celestial Motion by Alex Whitley (2019) and VR_I a dance for virtual 

reality by Gilles Jobin (2017), are choreographed for virtual reality and rely on motion capture 

to animate digital forms. Even though the emphasis is still on capturing the vitality of the 

dance, the move to a more immersive environment means there is also the potential to 

introduce other sensory information such as the sensations generated by the interactions of 

the viewer’s movement, and integrated sound and haptics. How the choreographer intends 

to design the scenario to elicit a sensory embodied response by the participants defines the 

attributes of the virtual reality dance work.  

 

Movement extracted from dancers who embed emotion, skill and intentions into their 

interpretation of the choreography can be identified as belonging to a specific dancer. 

 
64 “Optitrack is an application through which movement data is collected and stored when recorded from cameras in a room. 
Optitrack includes motion capture software and high-speed tracking cameras, as well as contract engineering services. It is 
used by facilities worldwide in a variety of markets ranging from film and games to sports training and biomechanics.” 
(https://optitrack.com/motion-capture-virtual-reality/) 
 
65 In 1999 the Open Ended group created Ghost Catching with Bill T Jones asking– “What is human movement in the absence 
of the body? Can the drawn line carry the rhythm, weight, and intent of physical movement?” (Schubert et al., 1999, p. 4) At 
the same time they collaborated with one of the founders of contemporary dance, Merce Cunningham in his stage work 
Biped, (2008) providing the imagery for the stage design through hand drawn visuals made from motion capture taken from 
the dancer’s execution of Cunningham’s choreography. More recently, the same creative team have brought to life 
Cunningham’s personal dance for hands and fingers, Loop, again through motion capture technology and composed through 
an artificial intelligence program and presented in VR (2000). Here the motion captured joints are illustrated through 
relationships to each other, connecting, binding and describing the movement in an abstract form (Boleslavský, 2018). 
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Recognition of the digital signature of the dancer captured by motion capture assists in the 

analysis of how 3D avatars move in virtual reality and, following this, how dance knowledge 

is transmitted as digital information. Furthermore, the way someone has learnt movement 

and the dance lineage that they represent, is evident. So, when the dance data is digitised 

and given a new form the dancer can recognise their own movement outside of their own 

body as a feeling of extended cognition whereby the sense of self is extended beyond the 

skin. A virtual reality user who identifies with an avatar can feel themselves move around and 

away from their physical body thereby extending their sense of self. I was able to gain an 

understanding of processes linking a participant to their avatar through my fieldwork in 

industry, which I discussed in the previous chapter.  

 

Avatars created through motion capture appear and feel human due mainly to the fact that 

they move like humans: yet they are born of a combination of human and digital skills that 

come together in a cyber-physical system rendered through 3D graphics. People like to watch 

people, so when contemporary dance movement is placed on a human-like avatar, the role 

of the avatar is to guide the gaze, the pace and the way the user engages with the artwork. I 

propose that if the avatar/user relationship was positioned within work-based training for 

industry, then it would be essential for the user to suspend their belief and accept the avatar 

as a human representation. Below are a few examples of how choreographers have worked 

with avatars when choreographing for virtual reality.  

 

c. Tasking as an Interactive Device 

 

I met English choreographer Alexander Whitley for an interview at Sadlers Wells Theatre 

where he works as an associate artist. He invited me to observe the making and trialling of a 

new version of his virtual reality work Celestial Motion 2. Across a single day I observed the 

creation of the work, chatted informally with Whitley and the developer Luca Biada about 

virtual reality and discussed new developments. For Celestial Motion, Whitley wanted the 

participant to be able to experience what it is to dance in a world inhabited by astronomical 

properties such as stars, moons and suns. He also wanted the participant to be engaged in a 

movement task and experience what it is like to be a contemporary dancer without being 
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given direct verbal instructions, but rather to respond physically to the sensory environment 

(Interview, Whitley, 2019). 

 

To share the experience of what it is to be a contemporary dancer Whitley placed the virtual 

reality user in the world of contemporary dance so they could participate physically. Moving 

in response to contemporary dance tasks enabled the participant to experience an entirely 

different construction of embodiment than they would normally have in their everyday life. 

Dancers understand themselves and their environment through their bodies. This 

understanding informs their experience and is paramount to their knowledge of being-in-the-

world. The choreographer manipulates movement to a pace and design that fulfils their 

vision, and the dancers understand this creative process through trial and error and 

repetition. What Whitley’s virtual reality experience does is provide an insight into tasking as 

a choreographic practice, which he does by encouraging the viewer to mirror the movement 

of the dancers/avatars and to discover that their own movement impacts the visual design in 

a virtual reality world.  

 

Whitley created two versions of Celestial Motion as a contemporary dance virtual reality 

experience. The first was sponsored by The Guardian 67 for Google Cardboard and is accessible 

and downloaded for free. This work is presented as a 360 non-interactive experience whereby 

the dancers are represented in both video and digital form. As Whitley explained, he was not 

ready to lose the physical image of his dancers to a digital avatar, which is like Wise’s position 

on using video rather than animation. Of more importance was the viewer having the 

opportunity to view the dancers both ways. The second version of the work, produced by 

VIVE68 and Sadlers Wells Theatre, is a multi-user experience in which the user’s body is 

tracked and visualised within the experience, allowing freedom to move around.  

 

Prior to his career as a choreographer Whitley danced for choreographer Wayne McGregor. 

He was drawn to McGregor’s history of collaboration with cognitive scientists. Whitley‘s 

 
67 The Guardian is an online media platform for current events and news. (https://www.theguardian.com/) 
 
68 VIVE is a virtual reality hardware system. (https://www.vive.com/) 
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fascination with physical problem-solving resulted in generating choreographic material 

through tasking. In his investigations he tackled the question of choreographing for virtual 

reality such as, how can the application guide the user through non-verbal cues to provoke 

movement and understanding about their bodies? He answers this by designing his 

choreography in a way that gives visual feedback to encourage movement in a particular way. 

As Whitley explained, “the quality of visual feedback they get will provoke different 

responses”, and in the process they can change their perspective about themselves within an 

embodied response (Interview, Whitley, 2019).  

 

 
Figure 10. Sarah Neville trialling Whitley’s Celestial Motion 2. Photograph by Alexander Whitley 

 

When participating in the work I did not experience a rush to interact with any of the 

elements. A considered, self-aware, embodied approach is encouraged by the slow and calm 

introduction of the dancers and the mis-en-scene. Whitley guides the participant’s movement 

through non-verbal design cues within the digital environment and through the digital 

avatars. Whitley demonstrates how he has harnessed his skills in working with stage design 
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and mechanics and extended them into the virtual environment as well as to the digital 

avatars.  

                                  

The choreographer drives the narrative by designing the visuals to move upwards from the 

floor to the sky to engender a feeling of lightness or elevation in the space. At the end of the 

scene, the sun feels like it is descending on you, which can make you shrink away from it. 

Playing with pace and perspective and zooming the user’s avatar away from themselves 

suggest an extension of self, or a mirrored experience. As Whitley says, “you recognise that it 

is you, but you also see yourself amongst the performers” (Interview, Whitley, 2019). It is easy 

to find which way I can go or look by following the motion of the environment. 

 

The way Whitely manipulates proximity in Celestial Motion is through the participant’s ability 

to move very close to and through the avatars, and even to reach out and touch each other. 

This is a strikingly different approach to Obarzanek’s strategy that uses eye contact to vary 

proximity. Whitley’s avatars by contrast are faceless. There is an interactive feedback 

mechanism built into his later design, Celestial Motion 2, whereby the user’s movement can 

shift and scatter particles that make up the avatar. This feedback encourages the user to move 

bringing attention back to their somatic experience. The user is given the opportunity to feel 

themselves making changes to their environment, thereby owning their experience and 

navigating their own journey. 

 

Whitley relies on the participant feeling familiar and friendly with the avatar. There is an 

intention for the participant to copy the avatar as a dancer would a choreographer. This gives 

an insight into Whitley’s choreographic world and puts the user in contact with a somatic 

awareness as the immersive atmosphere affects their feeling of being grounded, whether that 

is a lightness or weightlessness. The participant can also extend the sense of themselves as 

their personal avatar drifts away towards the sun, which again personalises the experience as 

they can see themselves moving and gesturing in space. The work makes it possible to share 

this experience with a friend, to see them in the virtual world and to communicate with each 

other non-verbally through movement.   
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Whitley’s virtual experience feels dramatic and is deliberately staged for the 360-degree 

environment. In my own experience the avatar’s proximity was exciting as it depicted highly 

skilled dancers giving me the opportunity to see and feel them move up close. However, I did 

not feel as though they were seeing me, which gave me the freedom to watch them and in 

turn move through them and move them. This experience is not personal as the context is 

very digital and otherworldly and the high-quality execution of the choreography allowed me 

to observe the weightless, tireless dancers as superhuman entities. It was difficult to imagine 

a direct relationship between the digital dancers. The divide was not felt due to any difference 

between flesh and digital, but rather because contemporary dance as a physical language 

does not assist communication or a feeling of closeness. This experience led me to consider 

the importance of digital kinship and embodied relatability alongside the potential of dance 

knowledge transmission. I learnt more about contemporary dance by watching it but was not 

able to relate to it any more than if it was on the stage.  

 

My relationship to the avatars, all of whom stand vertically with their feet in the same 

direction as mine, is what grounds me and assists my navigation. There is no ground in 

Celestial Motion. You are floating in space, so the design of the virtual world is 360 vertically 

as well as horizontally. The planetary motions within the choreography feel as though they 

pull me internally this way and that, and it is my impression that the choreographic potential 

for this experience has been harnessed from both inside and out. The scenario design is true 

to the environment that it is trying to emulate, and in terms of space there is no reference to 

traditional stage space or a flat screen. Orientation is orbed and circular and because 

elements are not rushing past, it is possible to find your way through an embodied response 

in relationship to the digital entities. From my experience, this work raised questions about 

how to be sufficiently self-aware of what is going on around me. Where should I go, and what 

should I do? These questions became more apparent as I contemplated the use of mirroring, 

proximity and proprioception, which are all concepts to consider when researching immersive 

digital environments in industry.  

 

There was a limit in this virtual reality application insofar as I could not drive my avatar or 

understand its role. As this is a contemporary dance experience and not a game, this issue is 

unresolved dramaturgically. Meaning was also not clearly developed though the design of the 
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application. Even though a virtual reality experience does not need to be cohesive in the way 

a work for the stage is required to be, there still needs to be clues within the work that can 

assist the participant in how to read the experience. Although Whitley was new to the form, 

he was researching the potential of virtual reality when developing Celestial Motion. He was 

fascinated with the capacity of virtual reality to bridge the audience divide, and he was also 

keen to learn new ways of approaching his work, which led him to play with design scenarios 

that utilise his choreographic skills and dance knowledge (Interview, Whitley, 2019). My 

interpretation of the application was biased by the key elements I brought from my time 

experiencing how people work with simulation and virtual reality in industry. Nonetheless, 

Whitley’s concepts have assisted in finding an understanding of both the capacities of the 

medium and best practice is scenario design, which I could use to bridge dance and industry, 

as well as making a case for dance knowledge to inform industry.  

 

Whitley’s work is intended for the dance industry, galleries, theatres and festivals and a wider 

audience. Whilst in its early stages, Whitley’s virtual reality dance does aim to transfer dance 

knowledge through digital transmission processes, and in many ways his work is on the way 

to fulfilling this brief. An ability to engage the participant in the experience through 

choreographic problem-solving, attributed to utilising key choreographic skills within the 

scenario design, has allowed dance knowledge to be transmitted through the participatory 

relationship with the user. Interaction enhances movement and therefore participatory 

experience. However, these experiences can only feel personal if the participant invests in a 

sense of self that is attached to a digital form. Recognising a digital entity as self, or as a 

friendly embodied artefact, is challenging for choreographers working with virtual reality and 

raises questions around people’s relationships with digital entities.   

 

d. Augmented Performance 

 

Some choreographers are resistant to working in a fully animated or immersive world. 

Independent choreographer Kerryn Wise prefers to prioritise physical relationships in her 

work and augments her performances with digital entities. I observed Wise working in the 

studio with dancers when she invited me to one of her research and development days at 

Dance4, which is a dance development agency in Nottingham where I observed her creating 
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360-degree video. In the past, Wise’s artistic practice has focused on the theme of “proximity” 

in a live context employing touch and eye contact, which she was keen to explore in a digital 

format. In our interview Wise spoke about her goal to learn more about 360 video and its 

effect on the viewer. Depending on her findings, Wise aimed to combine the live and the 

digital stating, “I would like to create an immersive experience where participants are in a 

visual or virtual world but they also have a sense of their own body” (Interview, 2019). What 

she wanted was participants’ embodied responses to be worked into her practice at the 

research stage. 

 

 
Figure 11. Image of Kerryn Wise observing the video capture remotely via her phone, 2019. Photograph by Sarah Neville 

 

Wise is not convinced that a digital form can be understood as embodied, and she relies on 

touch and physical (non-digital) proximity to argue her case (Interview, Wise, 2019). Wise 

considers body ownership in a digital form to be a disembodied experience and she uses the 

example of Gilles Jobin’s VR_I a dance for virtual reality in which the participant inhabits a 

digital avatar to make her point. Wise recounted how she spent most of her time within the 

experience either touching her hands or touching the hands of others to ground her 

experience. Without touch, she was unable to feel physically connected to herself or others. 

A solution she is deploying in her current choreographic practices is to work with augmented 
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performance where she can involve live dancers with the digital technology. The possibilities 

offered by mixed reality experiences prompted Wise to consider the potential of Hololens as 

a tool for performance making, which she planned to explore through Wayne McGregor’s 

Questlab Network 69, (Interview, Wise, 2019). I was left curious about how Wise’s 

choreographic processes and outcomes might evolve again when working with the Hololens. 

 

After meeting, Wise I speculated that:  

 

One day in the near future dancers conjure up images through their movement for 

their audience to feel and touch … fascinated by a dancer beckoning them into another 

room, they leave their chair and hurry to another world. How strange, they are back in 

their chair … 

 

e. Social Subjective Participation 

 

Swiss choreographer Gilles Jobin (Interview, 2019) presents digital representations of self 

through digital avatars and considers this to be an embodied practice. Jobin’s work VR_I a 

dance for virtual reality (VR_I), has successfully been touring over the last few years and 

stands as an example of transmission of dance through high levels of engagement with virtual 

reality. I met up with Jobin at the Swiss Days Dance Festival in Lausanne where I interviewed 

him, chatted informally, observed people experiencing his work in a festival context, and 

experienced the work myself.  

 

VR_I was created in 2017 in collaboration with virtual reality company Artanim. Five 

participants explored three worlds, from deserts and urban landscapes to mountain views, 

wearing headsets and backpack computers to enable free movement around the space. An 

avatar modelled on a dancer from Jobin’s dance company represents the participant and they 

are free to move around and interact with their environment. The animated dancer 

 
69 “QuestLab Network is a three-year artist development initiative funded by the Arts Council England’s Ambition for 
Excellence. It aims to create a new network of dance artists, developers, technologists and commercial organisations, leading 
to the development and delivery of performance and engagement projects around the country. Dance artists are selected 
to be part of the programme because they are open to new ways of thinking, and passionate about technology’s potential 
to augment artistic creativity and engagement within the arts.”(https://waynemcgregor.com/questlab-network/) 
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performing around the user/protagonist subtly encourages the user to join the dance and 

move together across the landscapes of varying scales, from tiny people to giants. 

 

 
Figure 12. Gilles Jobin’s VR_I. Photograph by Gilles Jobin. Digital still by Cie Gilles Jobin.  

 

Jobin celebrates the participant as a prime performer, providing stages within stages in which 

fellow cast members interact and have agency to move around and explore. This interactive 

work built with virtual reality game engine software puts the user in the position of first-

person narrative, hence the name VR_I that puts the first-person experience front and centre. 

When a dancer is on stage, they are performing themselves and not acting a character, but 

rather experiencing their own emotions with the movement. As the user is performing 

themselves it is this first-person embodied experience that differentiates the experience from 

viewing a contemporary dance on a stage.  
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Like tourists exploring a new city, the team of participants make choices and share wonder. 

Capacities to move around the world are discovered and translated as a group with the story 

emerging through participation and communication. The body is extended into the space 

through an avatar, which is mapped to the person’s own physicality. This is made possible by 

video cameras tracking the bodies moving in the studio and mapping this data on the avatar 

in real time. In VR_I you are not able to immediately recognise yourself or your friends, which 

elicits a sense of playfulness through movement that enunciates the way people move. I 

interpreted this ability to recognise the identity of others through movement within a digital 

avatar as digital kinship, and whilst the entity is digital it moves in a familiar way that helps 

connect and relate the participants. The concept of digital kinship will be explained in the next 

section.  

 

Understanding individual movement styles is a choreographic skill like choreographic design. 

Jobin’s skill in theatrical arts enables him to use his knowledge of theatre technology such as 

how to fly a set in in order to change a scene, and how to work with the drama of entrances 

and exits, to inform the collaborative design process. When interviewed he said that 

choreographers: 

 

specialise in real time, we organise people in real time. People come to the theatre 

and everything is in real time. We welcome them and we open the curtain, we 

introduce the piece and then there is an interval or not…we change the set on view or 

not and these kinds of decisions we take as theatre directors and dance directors, 

which are normal for us, in VR they are very useful tools (Interview, Jobin, 2019). 

 

Both Jobin and Whitley lead the scenario design of their work, choosing the mis-en-scene and 

working with the designers on the movement of the graphics to consider how they want the 

user to move in the space. I describe the manipulation of the graphic environment to move 

the participant as guided movement, a principle I discuss further in a following section. Jobin’s 

use of scale encourages the user to crouch down or gaze above, and both choreographers 

work with proximity, including the experience of walking through dancers as part of the 

design. Although VR_I uses motion capture and a completely animated aesthetic, the scenario 

is modelled on a hyper-real look and feel. This is partly because the avatars are all based on 
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members of Jobin’s company, and the scenes are based on the natural world or urban built 

environments. 

 

In response to criticisms that this work is not interactive in respect to the participant’s agency 

to make changes in the digital environment, Jobin draws attention to the communication 

between the participants, both verbal and physical. Users can talk to each other, follow each 

other and dance with each other in the virtual world. It is possible to take cues from the 

avatars or to explore the space with friends and in this respect, it is accurate to call the work 

interactive because the participants experience it as a community event. Jobin recounts that 

one of the most heart-warming responses to his work was when the experience gave a 

participant the opportunity to dance with his wife. This type of participatory experience and 

relationship with the audience is not usual as an option when viewing a dance work 

(Interview, Jobin, 2019). 

 

 
Figure 13. Sarah Neville and her daughter Florence experiencing Jobin’s VR_I. Photograph Susana Panadés Diaz 
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The experience of being in VR_I with my daughter was revealing and touching as I had to rely 

on her ability to recognise me as her mother even though I looked completely different. Jobin 

intended the avatars to represent a variety of cultures and not deliver any type of 

standardisation of dancers or people, a desire he put in practice when casting the dancers. 

Whether it is culturally appropriate for a person of one culture to embody the avatar from 

another could be problematic if the group represented was the same cultural demographic 

as it could appear that the choreographer was privileging one culture over another. In VR_I 

the cast was eclectic and non- hierarchical.  

 

Observing people experiencing VR_I also exposed its choreographic design. From outside the 

experience, I witnessed a group of people looking up or down, walking in one direction or 

waiting for something to happen. Duos danced together, soloists expressed themselves and 

other combinations of movement phrases found their own language and style. From outside, 

this dance shared its own story of human movement and expression. Jobin relied on the joy 

people find in watching others, whilst giving them the opportunity to familiarise themselves 

with what was expected of them in the virtual reality experience and built it into the 

performance design. First, the participant observes others in the work, then participates, then 

stays around to chat and debrief.  

 

The strategy of gentle engagement and inclusive observation, experience and communication 

allows embodied knowledge and dance knowledge to be shared through a lived participatory 

experience. This dance work relied on pedestrian movement and a joy of dance within a 

community and social engagement setting. The scenario design encouraged participants to 

enjoy moving and dancing with their friends. The digital avatars of the dancers in the virtual 

world did not engage or guide the dance experience, but rather wayfinding was navigated by 

scene changes. Wayfinding is another important principle for choreographing virtual reality 

that I explain further in a following section. The type of embodied knowledge that is shared 

and communicated is a sense of identity through dance. Rather than focussing on the 

experience of what it is like to be a contemporary dancer, this choreographic work 

emphasises the communication of joy, curiosity and wonder through dance and movement. 

Like a simulation for work-place training, dance is the tool but not the intention, although 

participants have the opportunity to experience what dancing feels like. The transmission of 
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dance knowledge is the vehicle for the experience, and by association dance is linked with joy 

and community as cultural values. In this way community participation in dance is how dance 

is shared and this demonstrates how virtual reality provides accessibility.   

 

f. An Educational Tool 

 

VR_I was created as a community dance experience focused on the joy of dance and not on 

dance technique, skill or choreographic tradition. Wholodance ("Wholodance," 2018) was 

designed specifically to transfer dance knowledge through the acquisition of skill and practice. 

As part of my co-tutelle program, I spent time at the Centre of Dance Research at Coventry 

University. There I engaged with the Wholodance research project, which was involved in the 

construction of an application that utilised Microsoft Hololens technology as a tool to 

enhance teaching. It also provided an archive of dance movements around preserving cultural 

heritage and inspiring choreographic development. At the time of my visit in January 2019, 

the project was its final stage and the findings were being written up. I took the opportunity 

to interview flamenco performer, choreographer and dance researcher Rosa Cisneros 

(Interview, 2019) about her involvement in the project as both a researcher and a dancer. My 

questions centred on her experience with motion capture technology and the responses she 

gave reflected the communication she had with the flamenco community, which she is a part 

of.  

 

The Wholodance project was conceived with the aim of creating an application whereby a 

dancer could learn from a virtual teacher, or from their own avatar, how to discover more 

about their own spatial and dynamic properties by receiving real-time 3D visual feedback. 

Using motion capture equipment, a large archive of dance movement from flamenco, Greek 

folk dance, contemporary and ballet was created leading to the development of a movement 

library. From this archive, the intention was that a dancer could search the database by 

instigating a query through a movement sketch, which was also recorded through motion 

capture, and then the library would respond with a range of similar movements. Additionally, 

the movement library was used as a choreographic tool, allowing users to mix movement to 

create unique combinations.  
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Wholodance had the aspiration of developing tools 70 that use visual information to motivate 

the user to move in very specific directed ways; for example, the correct arm alignment in 

ballet. This allows skill acquisition and technique to be learnt and rehearsed. There was never 

an intention to seek a change in the way dance knowledge has traditionally been passed on 

since most of the dance forms represented in this application were traditional dance forms 

such as those mentioned above. The dance communities that preserve these forms would be 

naturally wary of any change to their formats. Cisneros explained to me in an interview “the 

idea was how could a hologram or a digital platform facilitate, not change but enhance the 

dance learning experience” (Interview, 2019). 

 

Cisneros reported that once the dance data was collated and rendered in the form of a dance 

avatar, the flamenco dance community was fascinated with the outcome. The flamenco 

dance artists, choreographers and company directors that Cisneros interviewed in the 

evaluation process were both located in the UK and in Europe. They came from diverse 

backgrounds, but each could be considered experts in the art form. However, in the process 

she felt there was a tension and suspicion that arose in using new technology with traditional 

art forms. Because there are costs involved in accessing the technology and a hesitation to 

learn how to use it, there remained an unwillingness for the flamenco community to engage 

with the platform. Questions also arose with respect to ownership and identity such as: if the 

dance data can be captured and stored, whom did it belong to and how would it be used? An 

important development also arose within the process, when a new language began to emerge 

around the data collection.  

 

At the beginning of the process, Cisneros and her colleague Sarah Whatley discussed dance 

taxonomy to address how language operates and what it means to codify, tag and annotate 

dance data collected through this process. Initial discussions around movement and cultural 

nuances confused the technologists working with the motion capture technology. They 

appeared slow to understand that flamenco is not black and white, or that there is no perfect 

way of doing something. Each time a movement is performed it requires a different emphasis 

 
70 “Wholodance choreographic tools included: movement repository and data curation tools, sata and model driven 
applications for movement and creation and multimodal interactive system for self-experimentation.” 
(https://zenodo.org/record/2530660#.Xv3edpJKjOR) 
 



 162 

or emotion, or it may have a different inflection depending on where it came from and the 

environment in which it is performed and shared.  

 

Cisneros suggested to me that as an educational tool Wholodance was a very leveling 

medium. The technology allowed a movement that was defined by a particular subsection of 

flamenco culture to be clarified through a digital example. By presenting biases in digital form, 

differences became clearer and easier to understand, as opposed to a situation where two 

people debate nuances and personal points of view. This is the beauty of using motion 

capture, which can illustrate the minute detail found in cultural difference yet present it at 

arms-length so that social differences between people are not felt. The motion capture 

process was also very revealing for the Greek folk dance community, as this style of dance is 

always danced as a group, never solo. Looking at the movement of one dancer that has been 

displaced into a digital avatar without a cultural costume revealed nuances about the 

movement that had not been seen before, and it simplified and clarified the choreography 

and the way the dancer moved.  

 

Cisneros shared her confusion regarding how Microsoft Hololens represented the dance 

experience or, rather, the relationship between herself and the avatar stating, “when I was 

dancing with my Avatar, having a duet with myself or an extension of myself, blurs the line of 

what is real and not real” (Interview, 2019). This relationship between the dancer and the 

avatar is one of digital kinship as it merges the relationship between a mirror image, or 

perceptions of self, with the digital as felt within the virtual reality technology. These 

experiential complications lead one to wonder if the goal is for the avatar to become more 

like the dancer. Cisneros’ concerns are relevant and relate to the discussion I had with dancers 

who worked with me in creating Spheres: A Dance for Virtual Reality, when they commented 

that they felt frustrated with their avatar and wished it could better represent more precisely 

how they imagined they were moving. The dancers’ aspirations were in relation to their own 

dancing capacity, and whilst it was great that they recognised themselves in the avatar, it led 

me to wonder whether an alternative relationship that allowed the avatar its own identity 

might be helpful in defining digital kinship through a more empathetic relationship. 
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The Wholodance application also housed different avatars intended to inspire the user to 

think and see in different ways. For example, there is a stick man or a blob, which allows a 

user to inhabit a body with different qualities, motivating them to move differently in 

response to each quality. Using the Wholodance archive, dancers reported enjoyment when 

seeing movement across different types of avatars, each suggesting a different quality of 

movement depending on form. This led Cisneros to comment that, “seeing different types of 

avatars in the virtual environment has the potential to prime the user and ask them to think 

differently about how they moved” (Interview, Cisneros, 2019). In this way, the avatars guide 

movement quality and feelings by allowing the dancer to visualise alternate shapes and access 

a variety of emotions within their dance.  

 

It was also apparent that the motion capture technology was able to collect dance data to 

reveal the emotion of the dancer. Cisneros told to me that, “we could see emotion from the 

avatars, and we could absolutely see that. What we found in working with the avatars with 

young dancers, that from the movement they could tell if the avatars had feeling or a mood” 

(Interview, 2019). In turn the technologists who were working with the motion capture 

technology were surprised that they could receive feelings from the dancers by viewing the 

data on a screen. They described the moment when a dancer danced as not seeing or thinking 

about anything, but just doing. Cisneros explained it as an energy that the dancer needs to 

rely on, whether they are on a stage or not. I understand this energy to be the performative 

quality in dance, which through the magic of motion capture can be translated into digital 

form. 

 

My understanding of this project is based solely on my interview with Cisneros, and the 

literature written by her and her collaborators. I am aware that Cisneros’ views are specific 

to her experience and as a dancer in the project, and her response to the process as well as 

the outcome is directly informed by this experience. The main points brought forward by 

Cisneros, which cover the emotional manifestation of a dancing state recognised by those 

observing her, together with the precise detail picked up in the movement vocabulary by the 

motion capture technology, do give an insight into what aspects of dance knowledge she 

believes are being transmitted. This transmission is happening via the technology in the case 

of the motion capture data but is also being communicated and transmitted directly from 
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person to person within the motion capture studio, particularly in respect to emotive 

qualities.  

 

Writing about Wholodance, Cisneros and her colleagues at Coventry University commented 

that: 

 

Within WhoLoDancE, the experiments with the HoloLens and the avatars created 

through the rendering of motion capture data emphasise different properties of the 

movement; some are more figurative and others more qualitative and they serve as 

transmissions of emotional states. The technology is an extension of the dancing body 

and allows the dancer to develop an awareness of the body that is directly connected 

to emotional states (2019, p. 11). 

 

In the study for Wholodance participants noted that the teaching of dance skills and 

knowledge often relied on imaginative instruction. The traces and trails left by motion capture 

data allowed the user a visual representation of an emotional quality, which would usually be 

imagined thereby providing better opportunity to transfer dance knowledge between the 

dancer and teacher, or dancer and choreographer. 

 

The aim of the Wholodance application is to be a vehicle for dance knowledge transference 

similar to how a teacher or choreographer would transfer knowledge to a dancer, but through 

a digital form. This application is intended to extend and supplement the capabilities of 

traditional teaching rather than replacing the teacher. However, as mentioned above, at the 

time I spoke to Cisneros there had been some reluctance to put the technology into use across 

dance communities. I believe now, at a time when the COVID19 pandemic has forced people 

to find new ways of keeping up their dance tuition, that this application might be better 

utilised to teach and choreograph remotely. The potential for virtual reality applications that 

promotes remote learning is immense.  
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g. Remote Worlds 

 

The capacity for virtual reality and augmented reality applications to have greater reach in a 

post-COVID_19 world is evident when looking at applications that promote virtual travel. The 

Beginning of Nature (2017) by Garry Stewart for the Australian Dance Theatre was one of the 

first dance works made for virtual reality in Australia. The intention in creating it was to 

promote South Australian beaches and hills. Made by a choreographer with a dance company, 

the 360-degree video dance work was not meant to be a complete experience, and in fact 

dance was presented as just one element of an integrated scenography. Nonetheless, as a 

promotional cultural experience package, it did present South Australia and the Australian 

Dance Theatre in an attractive light. Giving a taste of the cultural riches of the state, viewers 

might want to travel to see more, or in times of hard border restrictions enjoy the experience 

as an insight into somewhere they could not physically travel to. This application motivates a 

viewer to move within a landscape and consider dance as a component of nature. Cultural 

knowledge expressed through a dance is how dance knowledge can contribute to this 

experience. 

 

The virtual reality work, The Beginning of Nature is very accessible, easily downloaded from 

the ADT website. I experienced it through an off-the-shelf headset and soon after I met Garry 

Stewart (Interview, 2017) at the Australian Dance Theatre studios and interviewed him about 

making the work. We spoke about his interest in virtual reality as a medium, and his hopes 

and fears for its future development. I interviewed Stewart at the end of his tenure at the the 

Australian Dance Theatre where I had followed his choreographic development for over 20 

years. Stewart and I share an interest in dance and technology and the potential for cross 

didiplinary collaborations. Stewart became interested in working with virtual reality in 

collaboration with Sam Haren, who is the creative director of Sandpit 71, an interactive design 

company. The creation of this work occurred around the time Google Cardboard was 

launched, which is a platform that allows anyone with a smart phone to experience a 360 

 
71 “Sandpit is an interactive design company that creates digital works from applications to installations that are human 
focused.” ( https://www.wearesandpit.com/) 
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virtual reality environment. Accessibility was one of the goals in working with virtual reality 

to allow more people to experience contemporary dance.  

 

Stewart saw the potential to explore landscapes through graphics and design elements as well 

as to play with proximity and depth of field. This medium could expand audiences through 

using an alternate platform that could engage viewers in a more personal way than a 

traditional dance performance. The 360-degree capacity and first-person narrative allows the 

viewer to focus on the dancers and the dance as well as the environment, opening possibilities 

to use this medium as a tourist attractor (Interview, Stewart, 2017).  

 

In a subsequent interview, Sam Haren who is also one of my artistic peers, explained how the 

filming was designed to create a choreographic journey that encouraged viewers to focus on 

those dancers who were closest in view (Interview, 2018). In my experience, the juxtaposition 

between the dancers and environment served to shift the gaze as there is something 

discordant about contemporary dance in nature. The choreographic design in this work did 

not guide the viewer to embody the experience but rather take in the view. How could a 

virtual reality designer work more with scenography to guide a viewer’s experience? At this 

point I considered how wayfinding as a choreographic tool might prompt the journey. If the 

viewer is given a sense of agency, they might explore the environment with curiosity and 

wonder. Traditional film devices such as zooming in and out were also used to make the film 

although it was up to the viewer to pan the scene across the 360-degree space. However, the 

experience of an environment moving around you, rather than moving in the environment, 

can make you feel disorientated and dizzy. In this instance, the purpose was not to encourage 

or guide the viewer to move, or empathise with the dance movement, but rather to look 

around and engage with the images as a tourist might do. Personal speculation on the use of 

virtual reality for tourism led me to reflect that: 

 

One day in the near future we will be able to give visitors a true to life sample of what 

it is like somewhere else. Packaged as mini holidays without the travel expense, change 

of clothes or time taken booking flights, accommodation and packing, virtual reality 

holidays could save time and money as well as do wonders in cutting down carbon 

emissions and keeping tourist from straining natural resources at tourist destinations. 
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Or perhaps virtual tourism could entice visitors to cities like Adelaide, which would 

benefit economically from tourists visiting regional attractions and arts festivals. 

Providing a sensory sample of place through authentic sounds and sights, seen and felt 

close up… enticing the viewer to see more, want more… 

 

h. A Range of Intentions 

 

The works of the choreographers mentioned in this section encompass a range of intentions. 

There are the transparent, personal and dramaturgically responsive communications of 

Obarzanec, and Stewart’s attention to remote worlds. Added to this list is Whitley’s sharing 

of choreographic tasking influenced by McGregor’s collaboration with cognitive scientist, 

Jobin’s interest in the first-person narrative, and Wise’s emphasis on lived experience. An 

appreciation of dance language through rehearsal and choreography is also evident in the 

application Wholodance. In each case embodied knowledge is transferred from the 

choreographer through virtual reality within the active participation of the experience. An 

embodied experience is activated where the design for the experience is interactive and the 

scenario transformative. I observed that each choreographer’s intention differed whilst 

curiosity to work with the technology was a main motivation. As an artist I recognised that 

these artist’s ability to remain open to possibilities and changing goal posts allowed them to 

consolidate intentions through discoveries emerging from their own research and trials. From 

experiencing these works first-hand, I collected creative methods to trial in my own 

application with the intention of investigating whether dance knowledge could be applied to 

simulation in virtual reality across fields. 

 

6.3 Spheres: A Dance for Virtual Reality - An Application of Everything Learnt so Far 

 

I created Spheres: A Dance for Virtual Reality with the purpose of studying dancers embodied 

knowledge within a digital simulation. My intention was to apply what I had come to 

understand about the transfer and transmission of dance knowledge through my fieldwork 

with training simulations, dance and virtual reality projects. To put this knowledge to the test 

I designed a movement study with dancers from Flinders University in collaboration with the 
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University of South Australia’s Motion Capture Laboratory at the Creative Computing studio. 

This project was chosen as it is self-directed and enabled me to focus my research on 

embodied knowledge and dance knowledge with dancers in digital environments. As 

mentioned above, it was a great opportunity to put the knowledge I had gathered in my 

fieldwork in industry and arts, and put it into practice with the view to transferring some of 

this knowledge to others through artistic practice and the creation of an artwork. A short 

video that documents the process and outcome can be accessed at 

https://vimeo.com/manage/videos/393210725.  

 

The movement study was designed to probe questions about the transmission of embodied 

knowledge and dance knowledge within digital environments. The reception of the 

choreographic work and the discussions arising from experiencing the work informed my 

research. As a choreographer, I wanted to investigate how simulation as understood from an 

industry point of view might be performed. I planned to tease out this complexity through the 

process and in discussions with the participants, who included creative professionals and 

dance students. This research was informed by my experience with industry where I had 

experienced simulation in a few forms as a way to learn and practice skills in different 

contexts, such as landing a plane or driving a truck, to encouraging someone to move in their 

rehabilitation activities. The question for me was whether simulation as a form could be 

applied in a dance process or a virtual reality work. 

 

I was particularly interested in how dance artists might extend their embodied knowledge 

within digital simulation and virtual reality environments. For example, if dancers could use 

their performance skills to animate an avatar, then at what distance from their own physical 

body could they relate to it, and to what extent could this be considered an extension of their 

dance knowledge? These questions were propelled by reading Lanier (2015) and Slater (2012) 

and my hope was to be able to use embodied cognition, specifically extended body and 

distributed cognition, to assist with the analysis. The methods used by Lanier and Slater used 

questionnaires to measure the degree to which participants identified with an avatar, as well 

as quantitative measures of physiological responses to anxiety about what was happening to 

their avatar. Other observational methods measured the degree of choice for alternate limb 
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functions depending on the physical affordances of the nominated avatar design. For 

example, would participants use their leg to complete a task rather than an arm if the leg was 

defined as a tail? 

 

I had experienced first-hand how a participant could identify with an avatar in the 

choreographic work of Jobin and Whitley and hoped that I could trial the same concepts in 

my own processes. In these choreographic works, the scenario design relied on theatrical 

conventions. Jobin’s avatars were mapped to a person’s body like a costume that others 

reacted to. Whitely explored how one might relate to an avatar extended away from the body 

and mapped to physical gestures. Whitley’s avatars acted like a mirror, moving around the 

person and reflecting their movements but appearing not quite human. How the dancers 

might like to explore their own sense of body ownership was incorporated into my process 

through a commitment to an open discussion around the mapping of motion capture data 

onto skins, and then to the choreography of the avatars into the scenario design.  

 

Looking to the future, I was keen to investigate how shifts in embodied knowledge within 

digital environments is changing dance as a form. This question within contemporary dance 

is not unusual because it is a form that thrives on innovation and new developments. 

However, in consideration of future employment opportunities and potential developments 

of the physical to digital, there is a tension in respect to the value of dance knowledge and 

how to protect a dancer’s rights to consent for reuse dance data, within this area. In relation 

to these issues, I had brought my own hopes into this study with the intention of opening up 

opportunities for dance artists across industry by investigating the question of how might 

embodied knowledge be transmitted in other industries (see appendix 1 for choreographic 

process). 

 

In devising Spheres: A Dance for Virtual Reality, I deliberately played with guided movement, 

digital kinship, mindfulness, proximity and proprioception as tools to encourage participants 

to move with the avatars. I deployed user interaction and motivated users to find their own 

sense of agency through the experience. This was achieved through the scenario design 

embedded with visual, sonic and task-based affordances within the range of simple 

movements to more expressive opportunities depending on the individual.  
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Spheres: A Dance for Virtual Reality is composed of three scenes. The first was designed to 

reflect a social dance, with dancers acting as a couple, interacting around the space and an 

avatar placed next to them as a way of inviting them to dance. The close avatar presented the 

participant with glowing spheres, which lit up and sped up in response to virtual touch and 

connection. This invited the participant to share the dance through guided movement and 

proximity. As the participant became comfortable with the capacities of the hand controllers, 

they could explore the range of their agency. 

 

 
Figure 14. Spheres a Dance for Virtual Reality, 2019, scene 1. Digital still image capture by Sarah Neville 

 

The second scenario in Spheres: A Dance for Virtual Reality invites the participant to pick up 

the miniature avatars from the ground. Jobin’s tiny dancers on a pedestal that encourage the 

participant to bend from the hips and knees and reach down inspired this. I used the same 

choreographic device and added interactivity. The tiny avatars held tiny spheres, which they 

used to reach up to and connect with the participants who could then pick them up. Once 

picked off the ground, the avatar dancer could be re-assembled in new staging relationships 

such as groups, duos, solos, etc. The reward from having this agency was that the avatars 

began dancing once they were moved, and the participants could then enjoy the 

choreographic design they created.  
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Figure 15. Spheres a Dance for Virtual Reality, 2019, scene 2. Digital still image capture by Sarah Neville 

 

 
Figure 16. Spheres a Dance for Virtual Reality, 2019, scene 2. Digital still image capture by Sarah Neville 

 

The last scene in the work encouraged the participants to look up and slightly bend their spine 

back. The sun rose and giant robots ascended, making the participants feel small (see 

appendix 2 for description of the work).  
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Figure 17. Spheres a Dance for Virtual Reality, 2019, scene 2. Digital still image capture by Sarah Neville 

 

The relationship between my collaborators and myself was very important in negotiating 

motive within the scenario design (see appendix 3 for list of collaborators). Passing on dance 

knowledge to digital artists who are more familiar with game design than designing an arts-

based experience had its challenges. It was a matter of translation, interpretation and 

articulation. The work needed to be defined by discussing form, asking questions and, most 

importantly, allowing questions from everyone in the collaborative team. This way the 

vocabulary specific to this process was allowed to emerge. As a team, we had to shift the way 

we spoke about dance performance to include discussions about 360-degree awareness, 

proximity, proprioception, wayfinding, presence, touch and scale. These are all concepts 

learnt through my prior fieldwork with training simulations in industry, dance and virtual 

reality in the arts. Whilst contemporary dance choreography is a creative practice that gives 

itself permission to translate a variety of material and information in the world into a physical 

form, the uniqueness of this work was both in the consideration of the virtual environment 

as well as the affordances of the choreographic language.  
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The dance content needed to adjust to the capacities of the motion capture and adjusted 

again to the choreographic design within the virtual reality experience. In each case the 

adaptions were respectful of the capacities of the technology as well as the goals of the 

choreography. The verbal and physical language in both the studio and the motion capture 

studio changed in conversations between the dancer, the avatar, the choreography and the 

proposed interactivity. I was confronted by one of the dance staff about adapting the dance 

around the technology and whether it was appropriate to manipulate the dance vocabulary 

to fit with the capabilities of the technology. I interpreted this as a wish for the dance to be 

privileged above and beyond the collaborative elements, which in my opinion is a very 

restrictive view.  

 

When explaining the relationship between the dancer and the participant to Daish Malani, 

the interaction designer, other descriptors were necessary. Malani was not convinced that 

the dancer could convey feelings through their dance and that the abstraction of this 

movement would translate to the participant. He asked questions such as: “What are we 

supposed to do when they are dancing in front of us?” “They are not scary enough to be a 

zombie party, so why should I look at them?” Malani’s skill set is in designing virtual reality 

for neurological/physical rehabilitation through motivational game strategies. Whilst his 

ability to make people move is highly respected, we needed to explain the experience of 

watching contemporary dance and find a middle ground between interaction through 

appreciation for contemporary dance and gaming strategies.  

 

Virtual reality developer and 3D designer James Wilson initially wanted a clear story board of 

the dance narrative, yet as the work evolved he understood that he could only begin to the 

build the design through an understanding of contemporary dance. By coming into the studio 

and becoming familiar with the movement vocabulary and physical languages the dancers 

were using in the problem solving around physical tasks, he was able to reproduce in motion 

capture his own physicality to demonstrate starting positions and angles. The dancers eased 

this process by learning about motion capture capabilities through general comic play and 

other physicalities more familiar to Wilson than contemporary dance. 
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Composer Matthew Thomas developed the sound he has established over decades of working 

in creative projects. The discussions were around emotional states, visual images and pace. 

Thomas’s aims for sound was challenged by Wilson and Malani, who had different 

perspectives and objectives to those of Thomas who was experienced in composing for 

contemporary dance. The virtual reality specialists were more familiar with theme songs and 

sound effects. A trial-and-error process was set up to compose interactive sounds and 

eventually a compromise was found by using music from Thomas’s composition to guide the 

feel of the work, and then sound effects to demonstrate the interactions within the scenario 

design. Interaction between the participants and the application was one of the main goals, 

and when this was achieved it activated a physical engagement with the application.  

 

The language that emerged from the collaborative process in making Spheres: A Dance for 

Virtual Reality was developed through the mix of disciplines as well as the social relationships 

in the room. What brought the collaboration together was a shared goal in creating the work. 

The creative work as an art piece had its own goals and requirements and these had to be 

kept in view in making the work. Just as an aviation simulation is designed to land a plane, 

dance for virtual reality needs to engage participants, motivate them to move and achieve a 

higher understanding of dance knowledge. With a shared goal in focus, verbal language was 

learnt and physical language interpreted towards shared understanding and goals.  

 

In creating a dance for virtual reality, dance knowledge was transferred from the 

choreographers I had researched and included in my fieldwork, and from myself. I was able 

to trial various choreographic methods because I had participated in choreographing virtual 

reality experiences, and also because I had observed creative processes and learnt how to 

choreograph in a 360-degree interactive space. This provided me with an understanding of 

the complexities of sensory awareness (mindfulness), orientation and navigation 

(wayfinding), as well as techniques to elicit movement (guided movement), and the 

relationships participants have with digital entities (digital kinship). Dance knowledge is 

particular to each choreographer; for example, Whitley’s choreographic tasking was passed 

to me through discussions and interviews and demonstrated through participatory practice. 

Because I had undertaken extensive research and spoke with /interviewed industry 

practitioners, I was more adept at interpreting knowledge transmission through simulation. 



 175 

In addition, the literature on cognitive science and human/computer interaction provided a 

lens though which I could understand how new connections are formed enabling me to 

increase the scope of the embodied knowledge I could explore through my creative process. 

 

Immersive worlds and experiences across digital simulation, virtual reality dance works, 

experiential futures and immersive theatre transmits embodied knowledge resulting from 

participatory practice and face-to-face engagement. Participatory practice must draw upon 

an embodied lived experience. The difference between knowledge transmission and learning 

from interactions with a computer screen, or watching a contemporary dance in a theatre, is 

the distance and inactivity that is rendered in a disembodied relationship. A passive physical 

experience does not evoke transfer to the degree or intensity that participation does, and to 

participate one must move and learn physically in the world, digitised or not. The embodied 

experience, in relation to other forms of participation digital or non-digital, activates the 

transmission of knowledge through movement and proprioception.  

 

I taught the dancers through my choreographic process, which expanded their knowledge of 

dancing for digital platforms. Together we pushed the potential for choreographing in virtual 

reality into our application. Dance knowledge was transmitted via this virtual reality 

application to the participants directly through active participation in the experience, where 

participants could feel the dance. Lastly, after observing the audience’s reaction to the work 

over seven performances, I found this work also transmitted dance knowledge to those 

participants who were observing the external choreography from outside the virtual reality 

headset. What they saw was participants dancing and thereby understood that the creative 

work was a dance. When participants were positioned as performers, and through their first-

hand embodied experience of the work, they also understood the dance through dancing.  

 

The following section discusses how mindfulness, wayfinding, guided movement and digital 

kinship can emerge to describe embodiment in immersive digital environments. Each of these 

terms emerged through my research and were applied within my choreographic process in 

the creation of Spheres: A Dance for Virtual Reality as explained further in appendix 3. These 

are emergent terms used to enunciate an evolving vocabulary and a set of principles to assist 

scenario design in immersive digital environments.  
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6.4 Four Principles for Applying Dance Knowledge in Immersive Digital Environments - 

Mindfulness, Wayfinding, Guided Movement and Digital Kinship 

 

Immersive digital environments in both arts-based work and industry training are experienced 

through sensorial embodied interactions with digital avatars and entities activated through 

movement. The terms mindfulness, wayfinding, guided movement and digital kinship attempt 

to unpack and explain the participant’s state of sensory awareness, how they navigate an 

experience, their motivations to move and their relationship to the environment. I used these 

terms to define principles for applying dance knowledge in immersive digital environments. 

They were constructed by drawing on literature, methodological perspectives, fieldwork in 

industry and the arts. From here, I was able to trial these principles in my own creative 

practice and deepen my understanding of the theory underpinning them as well as their 

practical application.  

 

My research over the three years revealed the need to identify a range of terms to describe 

principles for designing scenarios in immersive digital environments. I sought to understand 

these environments across arts and industry through artistic experiences as well as simulation 

for industry training. Similarities and differences revealed in the numerous encounters with 

terminology such as mindfulness and wayfinding made the role of emergent terms such as 

guided movement and digital kinship even more important in clarifying and understanding 

transdisciplinary collaborations. Embodiment in immersive digital environments, specifically 

interactive virtual reality, requires understanding across embodied processes and language, 

verbal and physical, to explain the processes of transmission and transfer of embodied 

knowledge.  

 

Terms already defined by cognitive science such as mindfulness, allow the focus of this 

research to settle within the realm of personal experience. Wayfinding describes how to 

orientate yourself in a scenario, building on the sensory awareness of mindfulness. Guided 

movement is a choreographic design tool used to enhance the potential of expanding physical 

expressions and the potential of the participant. Having looked at sensory capacities, 

direction and movement quality, and how a participant forms meaningful relationships with 

digital entities through digital kinship, completes the dramaturgical concerns of scenario 
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design in immersive digital environments. Examples located in the field are then used to 

discuss and expand these ideas, including extended and distributed cognition and enaction, 

which have been explored in depth in previous chapters on futures and industry. Mindfulness, 

wayfinding, guided movement and digital kinship are important terms in an emergent 

vocabulary for applying dance knowledge in immersive digital environments. Why these 

terms are important is discussed below.  

 

a. Mindfulness 

 

The application of mindfulness techniques is important to this research because whole body 

self-awareness, central to embodied cognition, allows a user within a virtual reality 

environment to be present. Being present and aware is instrumental to both learning through 

the body about the environment, as well as creating change within physically interactive 

digitally immersive learning environments. Since the focus of this thesis is embodiment, 

rather than referring to mindfulness in connection with meditation in Buddhist philosophy 

(Gethin, 2011, pp. 4-6) or cognitive therapy (Teasdale et al., 2000), in this study it refers to an 

embodied self-awareness activated through tasks. One of the essential components of 

establishing presence within an immersive digital simulation is the ability to move and 

interact within a virtual reality environment. This state of consciousness, which is unique to 

immersive environments enables a sense of being realised through bodily actions (Schubert, 

Friedmann, & Regenbrecht, 2001, p. 1).  

 

An embodied enactive relationship to the world was first introduced by cognitive scientist 

and epistemologist Francisco J. Varela, philosopher Evan Thompson, and clinical psychologist 

Eleanor Rosch, in their book The Embodied Mind: Cognitive Science and Human Experience 

(1991/2017). They make a case for an embodied and enactive cognitive understanding of the 

world, marrying phenomenology with cognitive science. Acknowledging the overlap and 

common goals between these two inquiries led to the concept of embodied cognition. 

Embodied cognition was positioned as a tool for whole body learning, thinking and knowing 

and formed the basis for the dynamic systems approach to cognition of enactivism. As a 

concept, it challenged traditional cognitive science, which placed thought entirely in the mind.  
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In the 2017 edition of The Embodied Mind, mindfulness techniques are contextualised 

historically. The forward written by Jon Kabat-Zin, founder of mindfulness stress reduction, 

outlines the integration of mindfulness techniques across healthcare in the last couple of 

decades. Kabat–Zin’s own interpretation of mindfulness is true to Buddhist philosophy in that 

he advocates practicing meditation in order “to find our way, we will need to pay more 

attention to this moment. It is the only time that we have in which to live, grow, feel, and 

change” (Kabat-Zinn, 2009, p. 13). This emphasis on paying attention to the present, through 

a sense of physical awareness that is open to change, brings this embodied position into view 

for this study. 

 

An enactive perspective in mindfulness for which Thompson (2016) continues to advocate, 

continues to be a priority and expanded upon since the first edition of Embodied Mind. It is 

possible to draw an affinity from Thompson’s notion of enactive mindfulness, and 

connections to Hutchins’ work (2010, p. 709). Both Thompson and Hutchins describe enaction 

as a cognitive ecosystem that enables the specifics of cultural practices to connect and embed 

the body in both the environment and its cultural landscape. Through their different research 

programs, both argue for a multi-modal, embodied form of thinking through a physical 

connection to the environment. This view also evokes the idea of body in motion. In his 

keynote presentation at the first ‘Bodies of Knowledge Conference’ (2016), Thompson made 

a call for more research in the skills and expertise involved in mindful arts practices, such as 

dance and martial arts to strengthen the case for an enactive cognitive ecological perspective. 

Each of these views support academic research through the body in action and advocate 

research through doing. 

 

Enactive analysis of cognition that evoke mindfulness leads to an argument for more value to 

be placed on processes involving artistic research-as-practice, and arts-based research. 

Throughout my PhD research, the key factor, which allowed me to connect with my own 

enquiry, came as a function of engaging with, producing and sharing a virtual reality 

experience. It became a powerful tool for making me think about different types of embodied 

experience that could be applied to other situations and simulations. Likewise, with those 

education and industry experts with whom I engaged, I was able to demonstrate and share 

through their digital immersive studies my own experiences and experiments. Having 
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something to show, off the page, to understand through a physical experience provided 

shared ground with these disparate groups of researchers. It was an experiential sensory, 

embodied way of acquiring knowledge that augments my research and personal 

contemplation.  

 

Mindfulness refers to a sense of awareness of the body-in-action within tasks and for skills 

development. Within an operational context in a workplace environment, psychologist Scott 

Bishop and his colleagues highlight the benefits of practicing mindfulness as a type of mental 

training to promote emotional resilience (2004, p. 3). They approach mindfulness in two ways: 

the first involves the self-regulation of attention and, the second, an orientation towards 

present moment experiences characterised as being curious, open and accepting (Bishop et 

al., 2004, p. 3). An example of this approach would be landing an aeroplane that requires one 

to be focused on the task-at-hand whilst being aware of unexpected weather conditions. Or, 

in an arts context, dancing with a digital avatar requires one to be attentive to the act of 

dancing whilst being open to exploring the digital environment. On an everyday level, a 

person is encouraged to use breath as an anchor whenever they observe their thoughts 

wondering and self-awareness fading. By being curious, open and accepting suggests an 

approach that is appropriate in digital simulation environments in both dance and other 

industries.  

 

According to management expert Erik Dane (2011), the quality of attention to a task is the 

most important factor for mindfulness in work-based training. Dane’s research reveals an 

important difference between dynamic versus static environments, which define the measure 

of required openness and response to change. After researching what exactly mindfulness 72 

is, which needs to be differentiated from absorption, prospection and mind-wandering, Dane 

investigates the value of mindfulness in organisational and occupational settings. He 

establishes boundary conditions that work against the “more is better” logic prevalent in 

 
72 Dane writes about mindfulness in his paper, Paying Attention to Mindfulness and Its Effects on Task Performance in the 
Workplace by: “(a) defining it as a state of consciousness in which attention is focused on present-moment phenomena 
occurring both externally and internally, (b) comparing it to a range of other attention-related concepts, and (c) developing 
theory concerning the factors that determine when mindfulness is beneficial versus costly from a task performance 
standpoint.” (Dane, 2011, p. 9) 
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fields concerned with well-being. He claims that the “overall impact of mindfulness on task 

performance depends on both the task environment in which one operates and one’s ability 

to perform the task” (2011, p. 8). According to Dane, a static environment is defined by stable 

predictable relationships, whereas task performance is dependent on filtering out present-

moment stimuli to focus more narrowly on the task-at-hand.  

 

Within a dynamic environment however, task performance relies on an ability to be aware of 

all active and emerging variables. Rather than focusing on one thing, dynamic environments 

require an open sense of awareness where the potential for improvisation is immediate. 

Improvisation is a practice familiar to performing arts and dance and it plays an important 

role in a dynamic environment. For instance, in an interactive digitally immersive environment 

the concept of improvisation becomes critical precisely because it depends on being attentive 

and alert to the many factors, processes and systems in the immediate situation. It is also 

important to remain attuned to the wide range of stimulations within one’s external 

environment and therefore remain self-aware within this dynamic environment to be able to 

act within an unstable situation (Dane, 2011, p. 16).  

 

Dynamic environments that require an open self-awareness, like those mentioned by Dane, 

can also relate to dance improvisation. Dane’s perspective brings me back to dance as well as 

to Thompson’s views. Mindfulness in dance improvisation is brought up by Thompson (2016) 

when he mentions the work of dance artist Deborah Hay 73 as an example of mindful 

embodied practice. Hay’s unique dance language is created between herself and dancers who 

work with her in response to a practice honed by an attention to an embodied response that 

is open to “what if” scenarios. Dancers in Hay’s processes are open to change through mindful 

self-awareness and able to improvise within their embodied dance practice.  

 

In the broader genre of performing arts, researcher Campbell Edinborough (2011) argues that 

improvisation is essential in decision-making. According to Edinborough, who draws on Ellen 

 
73 “Deborah Hay is a dancer, choreographer, writer and teacher working in the field of postmodern dance and one of the 
founding members of the Judson Dance Theatre. She is an internationally renowned dance artist whose unique approach to 
bodily practice has had lasting impact on American choreography.” Hay’s practice is consists of asking “what if” questions to 
motivate the creation of unique movement scores (https://dhdcblog.blogspot.com/). 
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Langer’s (2000) theory of mindfulness 74, the significance of an embodied approach to 

performance is necessary “to formulate an integrated picture of the self within the 

environment – a picture that integrates thought, emotion, body and mind” (Edinborough, 

2011, p. 9). Such embodied practices are not unique to the performing arts but rather typical 

of those physical and somatic practices used to warm up and prepare the body for 

performance, similar to yoga and Feldenkrais 75.   

 

If mindfulness is a necessary technique to enhance decision-making through improvisation in 

the performing arts, then it can also be applied to virtual reality environments. However, it is 

understood differently in a digital environment. Attention to proprioception, conditions of 

immersion, and intensification of engagement assist to enhance mindfulness within virtual 

reality environments. According to computer scientist Mehmet Kosa and social psychologist 

Ahmet Uysal (2019), proprioception is a sense of one’s own movement and body position 

within a given moment. Conditions for immersion are related to engagement in the digital 

environment, and to the level of engagement with the task within that environment. If a task 

is designed to motivate the participant to apply themselves in a meaningful activity, 

mindfulness, including decision making and openness for change, becomes possible.  

 

Mindfulness has the capacity to increase the understanding of embodied knowledge transfer. 

In particular, the sense of oneself as a whole-body, agential, self-aware and inseparable from 

the surrounding environment provides a focus for mindful activity. This focus includes 

physical, social, cultural, historical and imaginative relationships that are augmented by 

openness to change and variability. Dream researcher Jayne Gackenbach’s and psychologist 

Jonathan Brown’s (2011) preliminary study into mindfulness and video game play focuses on 

flow, absorption, immersion and presence. By studying these qualities they observed that 

states of well-being are activated. Immersion and mindfulness as understood through the lens 

 
74 In psychologist Ellen J Langer’s theory of mindfulness, it is a flexible cognitive state that results from drawing novel 
distinctions about the situation and the environment. When one is mindful, one is actively engaged in the present and 
sensitive to both context and perspective. The mindful condition is both the result of, and the continuing cause of, actively 
noticing new things (Dane, 2011, p. 998). 
 
75 The Feldenkrais method is a system of physical exercise that aims to improve human functioning by increasing self-
awareness through movement.   
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of an enactive approach to cognition, elicit a state of attention as well as openness to 

improvisation and change.  

 

If the aim of mindfulness is to pay attention to the present whilst being open to change it 

becomes a recommended technique to apply when engaging in virtual reality experiences, 

whether for work-based training or an artistic venture. How one pays attention is one of the 

main premises for theories of enactment, whereby the body-in-action shapes human 

experience (Gallagher, 2006). Whilst mindfulness in the current literature does not mention 

the body-in-action, or refer directly to proprioceptive states, which in virtual reality studies 

are mentioned almost primarily through research on haptics, this gap is where studies on 

embodied knowledge and dance knowledge come together. Therefore, mindfulness with its 

emphasis on open-minded attention in the present plays a role in enacting the relationship 

with the environment, and provides a connection to experiencing digital entities within digital 

worlds.  

  

b.  Wayfinding 

 

Once present, one needs to know where to go. Wayfinding 76 refers to how one moves within 

immersive digital worlds and it depends on how the scenario design navigates the 

participant’s way through the experience. Wayfinding is a historical term used to explain the 

navigation of nomadic tribes over land and sea. It is also commonly used for understanding 

people’s spatial relationship to architecture, and whilst this definition comes close to the use 

of the word in virtual reality, in this case it works more like an analogy. While these references 

are useful it is the way knowledge folds into wayfinding in virtual environments that is the 

focus of this study.  

 

In digitally immersive environments the term wayfinding is directly applicable to an immersive 

360-degree interactive environment in which you can move in all directions through hand or 

eye controllers, or simply by walking. In such environments it is useful to approach wayfinding 

 
76	Wayfinding must be differentiated from Tim Ingold’s term ‘wayfaring’ in which lines of travel are traversed and knowledge 
gained on the journey (Carson & Langer, 2006, p. 1).  
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as a cognitive map77 (Golledge, 1999), or as philosopher and social theorist Brian Massumi 

proposes, proprioception can dominate over the visual cues in cognitive orienteering (2002, 

p. 177). More specifically, naval computer scientist Rudolph Darken’s (1996) extensive studies 

on wayfinding in virtual worlds, confirm that real world navigation using environmental cues 

can assist wayfinding in virtual environments. Computer scientists Felipe Bacim’s, Doug 

Bowerman’s and Marcio Pinho’s (2009) descriptions of negotiating hierarchies of scale also 

provide insight into the peculiar terrain of virtual worlds that can be scaled differently to 

proportions in the world as we know it.  

 

A biogram is a type of proprioceptive navigational experience, which Massumi describes 

through the example of finding his way from an office to a subway through habits and 

tendencies, twists and turns all in rhythm of trusting a sense of autopilot. Massumi believes 

that people find their way via their innate understanding of the shape of space and the 

“referencing of movement to its own variations”, which is a more stable experience than a 

visual cue system as suggested through cognitive maps (2002, p. 135). Dead reckoning, the 

intuitive notion of where home is, also plays a part in how people find their way. How does 

this change in a virtual environment? Massumi suggests that when gazing at computer 

generated graphics, we extract forms from movement so that “the space of experience is 

really, literally, physically a topological hyperspace of transformation.” (2002, p. 180) So 

whilst one can navigate a city through a felt relationship to the environment, it is also possible 

to assume a similar relationship to digital space when one extends their sense of self into a 

virtual environment.  

 

The concept of biograms can be taken further by including all sensory information and not 

just proprioception or sight. Massumi describes a feeling somewhere between internal 

personal space and external public space. Biograms are “event-perceptions combining senses, 

tenses, and dimensions on a single surface” (2002, p. 184). Massumi goes on to speculate 

about emergent technological experiences and he questions whether digital technologies can 

connect different spheres of activity on the same operational plane applying proprioception, 

but to new effect. Although his imaginings are geared towards the potentiality of digital 

 
77 The geographer Reginald Golledge describes cognitive maps as the internal representation of environmental information 
(Ingold, 2011, p. 149). 
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design in architecture and how to navigate affordances within a building, it is possible to link 

his ideas to the image of a participant dancing in their virtual reality world. There are 

similarities with a person moving through an architectural landscape and finding their way in 

an immersive digital environment that includes identifying place through sensory references, 

movement and motion patterns.   

 

To better advise on orientation and wayfinding in virtual worlds, computer science naval 

expert Rudolph Darken asks, how can virtual environments be designed to minimise 

disorientation and maximise spatial understanding, both within a virtual world as well as in 

corresponding real-world scenarios (1998, p. 1). In researching wayfinding in virtual 

environments over decades, Darken and computer scientist Barry Peterson have defined 

several techniques that researchers and developers follow today. These principles include 

map usage, landmarks, trails and footprints and other directional cues. Landmarks allow users 

to annotate spatial cues and to navigate a space through directional information when paired 

with directional cues. Darken suggests that leaving a trail can be useful but suggests that it is 

best if it disappears over time, so as not to clutter a space. The use of maps would be the 

same as in the real world. Consistently throughout Darken’s and Peterson’s research is 

recognition of the fact that these concepts do not add up to a complete design solution, but 

rather act as guidelines for a system as a whole that includes people, the environment and 

tasks (2014, p. 20).  

 

Wayfinding within virtual environments can be problematic due to the flexibility of 

opportunities, requirements for travel and hierarchies of scale within a digital world. Bacim 

et. Al. (2009) explain this by using physiological studies in healthcare in a multi-scale virtual 

reality environment. The authors state that:  

 

For instance, if the user is inside the right lung, and decides to go to the left lung, 

hierarchical information would tell her that she needs to leave the right lung to be in 

the body scale, and then would need to enter the left lung. In this example, the spatial 

information would tell her where the left lung is located in the body and, in which 

direction she would have to travel to get there from the right lung. (Bacim et al ,2009, 

p. 2) 
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These computer scientists assist users make their way through a training program by 

identifying wayfinding tools such as hierarchical information and spatial relationships.  

 

The question of how embodied knowledge is transmitted and transferred within immersive 

digital environments can be understood through wayfinding, which combines movement 

through space and the orientation of the body in space. Wayfinding applies proprioceptive 

knowledge in order to feel the environment and other sensory cues such as landmarks and 

directional cues, which assists the design scenario and enables experiential understanding. 

Darken’s wayfinding tools are like Massumi’s recognition of the importance of sensory 

references, movement and motion patterns. Whilst wayfinding is an affective process based 

on physical habits, Darken’s knowledge is attributed to scenario design. Both perspectives are 

important because wayfinding can be both transferred through scenario design and teaching 

as well as transmitted through practice. How is this knowledge then transferred back to the 

real world? Research is ongoing on this issue but, as Darken and Peterson caution, “do not 

assume that because someone can efficiently navigate a virtual environment that they can 

navigate the real world as well. This is simply not the case” (2014, p. 20). In simulation for 

work-based training, as well as in live performance rehearsal, there are still processes yet to 

be developed.  

 

c. Guided Movement 

 

I coined the term ‘guided movement’ to describe the way in which I have observed 

choreographers such as Alexander Whitely, Gilles Jobin and Gideon Obarzanek working in 

virtual reality environments. I chose this description because it adequately defines the way in 

which choreographers manipulate sensory signage to elicit movement in the participant. As 

a choreographic tool, guided movement is connected to wayfinding through its use as a 

directional cue to guide the participant’s movements and choreographic involvement in a 

choreographic work for virtual reality. Whereas wayfinding refers to a geographical 

orientation, guided movement is the tool that encourages the physical expression of 

movement and motion. The intention to move, gesture, or dance depends on the purpose of 

the task and can be applied for broader reasons other than task completion, such as practicing 

social skills and other skills in the workplace. Like a choreographic task, guided movement 
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elicits a physical response within a digital environment of specific parameters or affordances 

(Gibson, 1977). Designing guided movement scenarios is like designing a choreographic task 

aimed at motivating the dancer/participant to move in new ways, to be confident in what 

they are doing and to remain curious and masterful in a way that allows them to individualise 

their response.  

 

An example of the use of guided movement in designing a virtual reality work through 

affordances would be Marshmallow Laser Feast’s We live in an Ocean of Air 78.  This work 

offers potential capacities for whole-body interaction with the system, which stems from the 

visibility of other participants and the interactive elements that are triggered by both breath 

and hand movements within a defined space. The aim is to feel nature and be connected 

directly, from the capillaries of the body to the tree. The actions of moving towards people 

and with people through the digital visuals, plus moving the particles within the digital plant 

life through motion and breath, define the experience. When the parameters are clear, 

engaging and shared by a group, the interactive choices can guide the experience and move 

participants seamlessly within the digital world.  

 

Guided movement can be described as an engagement strategy, as I have learnt from my own 

experience as a theatre maker where the audience is involved in the unfolding of the dramatic 

narrative. Within the context of participatory theatre, the purpose is to gently encourage 

participants to join the work by making it appear interesting, easy and fun. In digital 

simulation for industry this type of gamification 79 strategy is related to procedural task 

design, management and practice, designed to execute a task in a work environment and 

analyse it accordingly. Just like the creation of a choreographic task, guided movement is 

embedded within a scenario design to make the experience inclusive, meaningful and 

embodied. 

 

 
78 “We live in an Ocean of Air is a multi-sensory immersive installation illuminating the fundamental connection between 
animal and plant. “(https://www.marshmallowlaserfeast.com/experiences/ocean-of-air/) 
 
79 Gamification is the application of game-design elements and game principles in non-game contexts. It can also be defined 
as a set of activities and processes to solve problems by using or applying the characteristics of game elements. Gamification 
commonly employs game design elements to improve user engagement and organizational productivity.  
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Within a human factors perspective applied to work-based training, guided movement could 

be explained as a “behavioural nudge”, a concept taken from economics and described by 

economist Richard Thaler and lawyer Cass Sunstein in their book Nudge: improving decisions 

about health, wealth and happiness (2009). The authors propose that environmental design, 

as reflected in architecture and town planning, can influence the way people behave and 

make decisions. On a practical level, human factors experts have taken this advice to inform 

the design of sign posting for roads, rail and aviation, allowing pedestrians and vehicles to 

move through a city with a low level of conscious awareness and thereby limiting confusion 

and fatigue. Whilst there is some argument that product placement or signage manipulation 

used as behavioural nudges is potentially paternalistic (Hausman & Welch, 2010), there are 

examples that suggest benefits and improvements towards best practice. One example is the 

attachment of patient photographs to x-rays resulting in radiologists providing longer, more 

detailed reports and feeling more connected to their patients. Similarly, in the United 

Kingdom “look right” signs posted at popular tourist spots have resulted in fewer accidents 

(Blumenthal-Barby & Burroughs, 2012, pp. 4-6).  

 

Guided movement is a tool to transmit embodied knowledge/dance knowledge within 

digitally immersive environments and experiences. The transmission is from the 

choreographic design, which in turn is embedded within the scenario design in a virtual reality 

through interactive devices. Choreography is then passed on to a participant through direct 

experience. By motivating a participant into moving and feeling the dance, dance knowledge 

is communicated and understood on a somatic level. How a participant is engaged in moving 

within an experience comes down to the scenario design, which must consider how to 

manipulate behavioural nudges and guide the experience on an unconscious level. One way 

to do this in an unfamiliar environment is to make a connection with the familiar. In this way, 

‘guiding’ occurs by presenting identifiable human forms, images of yourself or a connection 

to others in the world, all of which elicit a feeling of empathy and connection. Through my 

research I have learned to identify this connection between the participant and digital entities 

as digital kinship, as explained in my description of creating Spheres: A Dance for Virtual 

Reality. When coupled with guided movement design strategies immersive these enhance the 

embodied experience and the potential increased and shared embodied knowledges. 
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d. Digital Kinship 

 

The feeling of empathy between a participant and a virtual environment, and between a 

digital avatar and a non-digital participant, is what I call digital kinship. This is a relatively new 

term emerging in the developing field of digital simulation practices. It was introduced to me 

through the work of Deborah Dormer-Lawler (2018, p.4), who uses the term to describe the 

relationship between herself and her avatar. In most dance for virtual reality the intention is 

geared towards motivating the participant to move and engage by generating a desire to 

share what it is like to be in a dance, as a dancer or a choreographer. Immersive artist Chris 

Milk (2015) in his world renown TED talk discusses this term as a way of eliciting empathy 

through direct experience.  

 

Digital kinship through empathy includes factors such as identifying with human looking forms 

or familiar environments, all which generate debates around ethics and social relationships. 

Abilities to extend our sense of self within an alternative physicality has been researched in 

depth by virtual reality expert Mel Slater (2012). The concept of co-presence, clarified by 

Slater and his contemporaries (2000), consists of perceiving others and feeling that others are 

actively perceiving us within an immersive digital environment. To be open to acquiring dance 

knowledge, a participant needs to feel at home and in safe company. 

 

The transmission of embodied knowledge or dance knowledge within an immersive digital 

environment is primarily between the digital avatar, its environment and the participant. 

Within an iterative artificially intelligent environment, transmission may be activated 

between avatars or the avatar and their environment. In this case the environment is 

interactive in both directions as the participant can change their environment and/or the 

environment may change through an inbuilt machine learning mechanism. No matter how 

the mechanisms are designed, if the environment is interactive then the virtual relationship 

differs to traditional contemporary dance performance in its participatory embodied 

experience.  

 

The participant and the digital avatars, if captured live, experience the work first-hand. If the 

avatars are pre-recorded digital representations, then the relationship goes one way but may 
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be dramatised to suggest a co-created relationship. Both the role of the participant and the 

avatar is to collaborate in bringing the work to life, hence the appropriateness of the term 

digital kinship. In putting something into action together a shared experience occurs, and it is 

this sense of identifying the self in the other through sharing that makes for a sense of kinship. 

As Donna Haraway would concur, “Kin-making is making persons, not necessarily as 

individuals or as humans. I was moved in college by Shakespeare’s punning between kin and 

kind—the kindest were not necessarily kin as family; making kin and making kind (as category, 

care, relatives without ties by birth, lateral relatives, lots of other echoes) stretch the 

imagination and can change the story.” (2015, p. 3). Whether digital or organic, alike or 

different, by moving together we come together in a creative act.  

 

Choreographing for virtual reality has emerged from the recognition that people want to be 

connected, engaged and empowered both as individuals and groups within their experiences. 

People are more willing to be attentive to the dance work if they can play with it and change 

it, which follows if they are more interested in dance, or if they can dance and feel the dance. 

Just so, people are more engaged with training material if they can experience the training 

firsthand as they can in immersive digital simulations. Technological developments in virtual 

reality and artificial intelligence have made participatory experience possible and 

communication between people and machines accessible. By studying, analysing and creating 

new work in this area I have found evidence of the importance of embodied knowledge and 

dance knowledge in the form of participatory engagement across both dance and other 

industries.  

 

6.5 Transmissions   

 

Dance transmission is enabled through transdisciplinary processes like motion capture, 

interactive technological interfaces as well as choreographic objects like archives and 

websites. Embodied knowledge in dance is difficult to document, annotate and analyse. As 

such, dance is often viewed as primarily an ephemeral experience. However, with the aid of 

technology that captures and motivates movement, as well as documenting choreographic 

processes, dance knowledge is transmitted indirectly both within the dance industry and to 
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those who seek more information about dance without doing a dance class or attending a live 

performance.  

 

With the aid of motion capture technology, dance data can be extrapolated from the moving 

body and visualized in 3D. These digitisations can be used to better understand the cognitive 

processes involved in dance. Motion capture allows a performance to be recorded and 

analysed, particularly the in-depth movements and the intentions of the dancers, by providing 

the ability to redirect, edit or annotate movements and, in turn, reconsider the choreographic 

vision. Moreover, motion capture adds value to the choreographer’s understanding of 

choreographic possibilities. The resulting transfer of dance knowledge via motion capture 

technology can subsequently be applied across mixed reality applications such as virtual 

reality or digital simulation environments, allowing them to become more accessible for the 

transmission of dance knowledge into the wider community.  

 

The term transmission has been used consistently throughout this thesis to explain how dance 

knowledge is passed on via digital platforms. Theatre studies scholar Maaike Bleeker in her 

book Transmission in Motion (2016) explains that many technological interfaces require us to 

navigate through information with gesture and touch, and this constitutes transmission of 

dance knowledge. This is a relational mode of movement involving cognitive perceptual 

practices and the haptic use of technology, which is performative and transformational. 

Bleeker recognises that serious games and corporate platforms require whole-body learning 

in which motor activity has a functional importance providing the bridge between virtual and 

physical realms. “Modes of interaction and handling information and knowledge afford users 

to navigate through information by means of gesture. More radical than that, new 

information technologies make possible a shift towards movement (actual and imagined) as 

means of apprehension.” (Bleeker, 2016, introduction) Within artistic practice and 

transdisciplinary practice across arts and other industries, transmission is often indirect, 

coming into being through a process of affect through which change emerges.  

 

Choreographic objects as communicative artefacts are informed by Bleeker’s insights. Dance 

knowledge expert Scott Delahunta and coding expert Florian Jenett have advocated the use 

of choreographic ideas to transmit knowledge through such choreographic objects with a 
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broader reach beyond just the dance industry (2017). Through the promotion of 

choreographic objects created by choreographers such as Siobhan Davies, Wayne McGregor 

and Emio Greco, the aim of such exposure is to offer choreographic ideas and processes as an 

accessible and widely available product to broader audiences. Such products include 

interactive scores, installations, choreographic software and digital dance archives. These 

choreographic objects and artifacts can be accessed via the website Motion Bank 

(http://motionbank.org/), but it is within the more immersive platforms that transmission of 

embodied knowledge is stimulated. 

 

Looking more closely at how the transmission of dance knowledge or embodied knowledge 

is activated across a purpose-built environment, feminist philosopher and psychoanalytic 

theorist Brennan’s Transmission of Affect (2004) believes that sharing emotions and energies 

between people are an embodied concern grounded in physiology (2004, p.1). She accounts 

for the experience of experiencing others in her concept of transmission and calls this feeling 

of sensing others as transmission of affect. Her research has implications for my study in its 

discussion of the changes that occur in the biochemistry and neurophysiology of the person. 

As Brennan says, “the atmosphere or the environment literally gets into the individual” (2004, 

p. 14). These artists’ works are mentioned in this thesis as they rely on this transmission of 

affect to inform the participant about their choices, possibilities and the potential of their 

actions. It is also worth mentioning that affect is a concept that attracts contested views. A 

notable example is Massumi’s (2015) view that takes issue with looking only at emotional 

states in respect limited to affect, preferring instead to discuss it as an affective field that has 

reach to wider systems.  

 

Transmission across both education and communication is a social process. Social 

anthropologist Tim Ingold (2001) writes in depth about skills and how people become aware 

of what they know by doing. He avoids making assumptions about knowledge drawn from 

traditional cognitive science, which prioritises representational knowledge. Ingolds’ view is 

an embodied view, put into practice by doing something with awareness and doing it well. He 

suggests that knowledge is transmitted through practices that include mirroring and a 

responsive relationship to the environment. Both are possible through the practice of guided 

movement in immersive digital environments as explained in a prior section.   
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To return to a posthuman construct and a perspective on which the thesis began, a view of 

affect is not only relatable to human bodies but also to politics and ethics, which can also be 

understood through Jane Bennett’s (2009) political theory and recognition of the nonhuman 

and vibrant matter. What Bennett means by vitality is the “capacity of things - edibles, 

commodities, storms, metals - not only to impede or block the will and design of humans but 

also to act as quasi agents with forces or trajectories, propensities or tendencies of their own” 

(2009, p. p. viii). In recognising the force and vitality of materiality it has occurred to me that 

immersive digital environments are both part of this equation through the simulation and 

mimicry of such a state of being. Digital simulations mimic nature, which indicates that we 

are recognising more and more the attributes of a vibrant, vital ecology. Bennett’s keen 

observations of the vital materialities that are flowing through and around us, enforce the 

posthuman view that humans are not always in control.  

 

Observing these materialities across the human and non-human world has been part of my 

research into the merging of body and machine. At the turn of the century posthumanist N. 

Katherine Hayles (2002) wrote a paper aptly named Flesh and Metal: Reconfiguring the 

Mindbody in Virtual Environments. The title suggests a divide then renegotiation of the out-

dated concept of a split of mind and body. Today we have moved past this discussion to accept 

cyborgian realities. The article argues for a wholistic mind-body perspective before 

introducing the posthuman view of a dynamic arising from embodied interaction with the 

environment. Hayles’ insight resonates with embodied knowledge when she notes that, 

“living in a technologically engineered and information-rich environment brings with it 

associated shifts in habits, postures, enactments, perceptions—in short, changes in the 

experiences that constitute the dynamic life world we inhabit as embodied creatures” (2002, 

p. 4). Whilst we have surpassed the speculative future Hayles imagined where computers run 

in rooms without people, her work still resonates with Edwin Hutchin’s theories on extended 

and distributed cognition and Francisco Varela’s ideas about enaction.  

Hayles uses the form of virtual reality art works to make her point about emergent 

embodiments arising from interactions within increasingly information rich environments. 

Reaching beyond the conscious mind, Hayles concludes that virtual reality artworks invest in 

experiential levels that operate on multiple levels, stating:  
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They [VR artworks] vividly demonstrate the promise of the posthuman, which despite 

all its problems and dangers may open us to the realization that without relation, 

existence (if it is conceivable at all) would be a mean and miserable thing. We do not 

exist in order to relate; rather, we relate in order that we may exist as fully realized 

human beings. (2002, p. 9) 

If we fast forward to the present day, in which Hayles’ prophetic visions are manifest, then 

we see the discussion about dualities has faded in favour of a discourse on wholistic systems.  

Researching the capacities of virtual reality experiences and environments elucidates a 

posthuman relationship that requires an investigation into the transmission of embodied 

knowledge/dance knowledge. Throughout my discussions I have maintained that virtual 

reality works that are made specifically for dance focus on the transmission of dance 

knowledge in immersive digital environments. Increasingly, from these learning and knowing 

environments, a more refined notion of what dance attributes can be extrapolated. The 

connections and intersections of embodied knowledge and dance knowledge, attributable to 

a range of physical learning situations and rehearsal skills, and affective communication, 

produce an empathetic relationship between the dancers and their environment, and 

between the dancers and each other. When these connections are felt, understanding is 

gained and the recipients experience change and transformation of dance knowledge into 

various forms of embodied knowledge.   
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Chapter 7. Conclusion: Transformations  

 

This research revealed that participatory practice and the choreographic tools that form 

elements of what we describe as “dance knowledge” can play an important role far beyond 

simply the performing arts context. Through the detailed examination of a variety of industry 

environments where experiential learning occurs, this thesis has identified the ways in which 

dance knowledge can be transformed into new and enhanced forms of experiential learning.  

In both arts and industry, the experience is activated by learning through moving, doing and 

participating. Key insights into emergent communication strategies that include developing 

terminology, new physical languages and identification of the significance of subjective 

participation as a result of participatory practice in scenario design are critical to the 

applications and future implications of this research. 

 

Future research into embodied participatory practice in immersive digital environments is a 

practical concern as it questions how and why we move to learn. Key to this is the integration 

of learning-by-doing with a speculative aim that influences the choices we make and the 

future we more clearly define. Future directions can be explored through participation within 

virtual worlds and collaboration across disciplines that result in virtual world-building, a 

commitment to experiential futures, artistic practice as research, and the mindful dedication 

to embodied learning all of which results in a theory for transformational practice. 

 

Knowledge transformation as opposed to skill sharing is, in part, an implicit and relational 

process that operates within a field of awareness. Whether digital or non-digital 

environments constitute the field, knowledge is imparted through an atmosphere of shared 

experience. This condition can be found through mutual collaboration in work-based 

practices, or through participation in applications built for immersive digital environments. 

Within the atmosphere of contemporary dance, a participant feels what it is like to dance. 

There is no emphasis on skill transfer, rather the focus is on feeling what it is like to be socially 

and culturally involved. A sense of what it feels like is also important in work-based training, 

especially simulations for the transport industry. What it feels like to drive a truck, train or 

plane can be transmitted along with the transfer of skills from one domain of knowledge to 
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another, or from a more experienced professional to apprentice via an immersive digital 

environment.  

 

Transformation is the outcome that leads to change. It happens in the moment when 

navigating information is both intuitive and alien. Reflecting on the trajectory of this thesis, it 

is evident that transformation is a forward-thinking requirement that implicates our 

subjectivity within an ever-increasing reliance on technology (Hansen, 2015, p. 252). As Mark 

Hansen says: 

 

Following our re-embedding within the multi-scaler complexity of an always flowing, 

massively technified world, we come to enjoy an expanded sensory contact with 

worldly sensibility that affords us new potentialities for experiencing ourselves and 

the world – and for understanding how we experience ourselves and the world (2015, 

p. 269).  

 

Far from being a speculative exercise, the transmission of embodied knowledge/dance 

knowledge within futures (Candy & Dunagan, 2017; Kuzmanovic & Gaffney, 2017), is a lived, 

felt, danced and embodied experience. The process of preparing for a participatory 

experience in an immersive digital environment involves considering the activation of somatic 

and proprioceptive senses, among other variables. The key factor, however, is that only when 

sensory responses are incorporated into a scenario and become part of the felt experience at 

that moment, does subjective participation 80 become activated. Therefore, this research 

makes a contribution to our knowledge with respect to the role of dance knowledge in virtual 

worlds, scenario-based simulation, and other industry-based forms of experiential learning. 

 

 

 
80 Subjective participation in immersive digital environments is understood through current studies in virtual subjectivity as 
defined by philosophers Daniel Vella & Stefano Gualeni. They argue that adopting an existential standpoint within a virtual 
world and developing a virtual subjectivity have obvious affinities with the processes involved in adopting a role in practices 
such as dramatic theatre, improvisational theatre, and role-playing (2019, p. 11). Vella and Gualeni recognise that virtual 
environments are goal orientated and “the crux of the matter in not the achievement of the task. Instead the adoption of 
this task as her own” (2019, p. 5). By embodying an avatar and participating in a virtual world, virtual subjectivity nests within 
real world subjectivity.  
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7.1 Key Insights 

 

The key insights of this thesis include:  

• the importance of participatory practice across all experiential industry platforms.  

• the recognition that dance knowledge is activated in physical tasking 

• deployment in the use of choreographic tools across sites where embodied knowledge 

is a requirement can be increased 

• the need for new models for digital transdisciplinary practice to promote the 

emergence and development of communities of practitioners 

 

a. Key Insights Analysis 

 

Because participatory practice is a key insight of the research, insights drawn from this focus 

will be foregrounded and emphasised in the concluding remarks. The other three key insights 

emerged from an understanding of the diversity and fluidity of terminology relating to 

embodiment in participatory interaction with immersive digital environments across fields. 

Focussing on terminology reveals emergent vocabularies relevant to virtual reality, and the 

importance of physical languages, which in turn, inspire choreographic tools for virtual 

environments. At the heart of these emergent ways of communicating is the notion that all 

language has ties and foundations in embodied experience, and that all participatory-based 

modes of knowing can be linked to, co-opted by, and used to enhance task-based learning. 

While, selective terminology is used as an example of how vocabulary can describe 

experience, insights lie in observations of fluidity in vocabularies rather than defining 

concrete terms. Therefore, the areas of interest and concern that may evolve from this 

involve the forging of emergent communities of practice and new educational models for 

digital humanities and interdisciplinary research that privilege social communication and 

openness to difference.  
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a) The Importance of Participatory Practice across all Experiential Industry 

Platforms 

 

Whilst this thesis focuses on embodiment, the crux of the argument entails a shift in 

perspective from understanding dance from a dancer’s point of view, a choreographer in a 

studio, or the position of an audience, to embodied subjectivity. Participatory practice must 

draw upon an embodied lived experience. The difference between knowledge transmission 

and learning from interacting with dance in a virtual environment, or watching a 

contemporary dance in a theatre, is that one’s understanding and appreciation is gleaned at 

arms-length. A passive physical experience does not evoke transfer to the degree or intensity 

that participation does, and to participate one must move and learn physically in the world. 

The embodied experience in relation to other forms of participation, digital or non-digital, 

activates the transmission of knowledge through movement and proprioception, which 

highlights the value of dance knowledge as a tool for transformation. 

 

A new perspective in embodied subjectivity was found as the result of a focus on the post-

human, which displaces anthropocentrism to include other biological and non-biological 

matter. Only by embracing de-centered distributed and extended systems can we achieve the 

notion of subjectivity alluded to. It is important to emphasise how participatory practice is a 

common thread across all fields (industry, arts and futures contexts) considered in this thesis, 

and it supports the move towards an expanded subjectivity that is urgently needed to better 

reassess future directions through agency. Immersive worlds and experiences across digital 

simulation, virtual reality dance works, experiential futures and immersive theatre, transmit 

embodied knowledge that all stem from and are the result of participatory forms of practice. 

Bringing embodied subjectivity in into this context leads to ‘subjective participation’, a core 

principle for achieving transformation. 

 

Participatory practices help to accelerate a shift in subjectivity towards a worldly sensibility, 

experienced on a personal level, opens the potential for accessing circuits and the flow of 

current media towards new possibilities of experience. A world sensibility is defined by 

Hansen as “the vector of causal efficiency” so sensations need to be treated as elements of 

the world, including those acquired through digital devices (2015, p. 267). This ethos is at the 
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core of the transformation of human experience. He suggests that we must reconceptualise 

our agency within a larger context of gathering information that is both transmitted digitally 

and transferred from one medium to another.  

 

Hansen’s notion of feed-forward aligns with the field of futures studies and strengthens the 

call for an immediate recalibration of the present to understand the future as it is currently 

unfolding. Bringing together futures, technological innovation and embodied knowledge, is a 

sensory embodied becoming of interwoven systems and circuits. The suggestion is to feel 

ourselves forward, a result of the procedural debrief in experiential futures, asking how do 

you feel in this speculative future. This dictates the future direction of the transmission of 

dance knowledge/embodied knowledge across all fields of research. Virtual reality is a lens 

that focuses the embodied experience and hones the process of transmission and transfer of 

knowledge across and within such systems. With this in mind, future innovation will serve to 

develop not only technological progress but shifts in embodiment as the body adapts to 

change. 

 

b) The Recognition that Dance Knowledge is Activated in Physical Tasking  

 

For choreographers, shifts in embodiment and attention to physical languages as observed in 

bodies are welcomed as professional inspirations. Shifts between spoken vocabulary 

describing embodiment and participatory practice across industries is, however, challenging. 

Throughout this thesis language has been grappled to describe the types and rates of change 

that occur as a result of the emphasis on embodiment in relation to technological innovation 

in immersive digital environments. Investigating ways to verbally communicate the value of 

embodied knowledge informed by dance knowledge was one of the drivers in this study. At 

the beginning of this research, verbal language was informed by vocabularies common in 

dance performance practice and theory. Whereas now there is an awareness of the need to 

speak (and benefits of speaking) across research vocabularies, community contexts, lived 

experiences and technological platforms. 

 

Dance language was intended to be shared across disciplines with industry professionals, so 

there was an attempt to define these dance attributes to better explain dance language. 
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Dance is an activity known to a few, so it was not possible to assume prior understanding 

even though we all have experience of our bodies moving to varying degrees of ability. 

Contemporary dance is open to artistic interpretation, and its attributes and qualities are 

wide ranging from improvisation to technical excellence, procedural knowledge, muscle 

memory, physical awareness, balance and creative problem solving, to name a few. What was 

found by meeting industries outside of dance was that defining the attributes of dance 

knowledge does not necessarily lead to better communication between dance and industry, 

but rather it alienated the enquiry from common fields of reference. Movement languages 

are the verbal descriptors attached to embodied practice are not shared. They are very 

specialised and specific to training environments and company cultures. The remedy to this 

was finding terms and strategies (combinations of physical, tacit and spoken modes of 

attunement) that focus on embodied knowledge rather than dance knowledge. Whilst 

discussing challenges in verbal expression, it must be recognised that physical languages 

accompany and support spoken descriptions.  This research became more accessible by 

realignment and shifts in terminology, a point that may appear to identify dance knowledge 

as lesser in comparison with embodied knowledge, but is rather a recognition of the value of 

pursuing a view without bounds to language.   

 

Different vocabularies and approaches to describing the world appeals to different cohorts of 

researchers and practitioners. Descriptions transferred from the language of cognitive 

science, specifically embodied cognition, bridges understanding between arts and industry 

and can function as a communication aid with computer scientists. Terms from embodied 

cognition clearly describe what is happening to the body through increased self-awareness 

(mindfulness) that comes through extending oneself into digital realms without feeling 

disembodied (extended body). Further terms relate to a circular, decentered mode of 

operation within cyber-physical systems (distributed). Each of these terms evolved outside of 

immersive digital environments and can be applied to non-digital systems and workplace 

environments. From this point there were questions whether terminology was specific to 

immersive digital environments, or re-interpreting and refitting language designed for other 

situations best suited this research. It is at this juncture that the collection of vocabulary, and 

its application, became new knowledge as it was repurposed to fit the cause. It feels 

adventurous to have a willingness to acquire knowledge where points of engagement cross 
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each other, particularly when adopting terminology from theories of embodied cognition, or 

human-computer interaction, to cross-pollenate and deepen the possibilities for knowledge 

transfer.  

 

Whilst dance knowledge was not always understood as a shared interest across industry, 

embodied participatory experiences provided a common touch point. Embodied knowledge 

acquired through participatory experience can transform someone from a dance expert into 

a simulation specialist, or scenario designer into a choreographer. Finding a language to 

describe learning through the body is often related to past physical experiences of 

participants, whether through work-place training or other physical practises including dance. 

Whilst terminology from dance, embodied cognition and human-computer interaction 

focused the direction of the research, it became clear that alternative vocabularies provided 

added benefits when combined with existing vocabularies and applied to virtual reality as an 

emergent mode of engagement. 

 

The aim of constructing an appropriated and re-purposed collection of terms was to find 

pathways that could describe and explain how knowledge is transmitted, transferred and 

transformed through subjective participation and participatory practices. The key to this 

approach is to focus on fieldwork processes, how different vocabularies attune people to 

immersive environments, and the way in which adding diversity and scope to peoples’ 

experiences could be leveraged to create new, unanticipated, common and augmented 

experiences. This formed a key insight regarding how the body understands experiences and 

tasks in relationship to its environment, and the physical expression of this knowledge.  

 

c) Deployment in the use of Choreographic Tools across Sites where Embodied 
Knowledge is a Requirement can be Increased 

 

Physical language can be shared through skills development, teaching or experienced through 

nudges activated by choreographic tools. Having applied the knowledge gained through 

fieldwork in industry and dance, the physical languages elicited from the virtual reality dance 

work made demonstrate this. The key terms used in the practical component of this study 

draw upon concerns for different vocabularies and aim to offer strategies for resolving this 
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problem include mindfulness, wayfinding, guided movement and digital kinship. These terms 

separately and together describe aspects of the field of embodiment and their cumulative 

impact on body-environment and body-technology practices. Participatory practice has been 

identified as a key aspect of embodiment specific to and useful for understanding what a body 

senses, experiences and extends itself toward, or reifies as a sense of self in an immersive 

digital environment. Mindfulness brings a sense of awareness, wayfinding takes the body 

from one point to another, guided movement leads interactivity, and digital kinship describes 

the emotional connection between the participant and digital entities.  

 

Over the last couple of years these terms have been applied as choreographic tools to the 

creation of dance and virtual reality works. They can be applied to draft scenario design with 

developers as well as to rehearse simulations with dancers. They have been extended in use 

in communicating with computer scientists an internship at the Empathic Computing 

Laboratory. Their value has been considered when applying dance knowledge to industry 

applications. In view of this, a major insight of this study is the necessity to identify and deploy 

terminology that describes how to understand and communicate embodiment in immersive 

digital environments. Dance knowledge as an ever-expanding field of reference gained an 

embodied understanding across all fields.  

 

Mindfulness, wayfinding, guided movement and digital kinship proved to be useful 

choreographic tools across both dance and industry. Finding shifts and fluidity in identity not 

only as a dance artist but also as a movement expert, researcher, theoretician and social 

scientist allowed an open extended view of the value of dance knowledge/embodied 

knowledge to people outside of dance. Depending on to whom you are speaking, a 

modification in perspective and language is required, to allowed a broadening of skills and 

connection with other disciplinary approaches. Similar to the way Stenger’s (2005) ecology of 

practice incorporates interdisciplinary research and shared co-created vocabularies, it is the 

languages produced in these studies that have made sharing knowledge across a community 

of practice possible by bringing together seemingly disparate practitioners through a common 

interest in the potential of immersive digital environments.  
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d) Digital Transdisciplinary Practice Promoting Communities of Practice 

 

People with shared interests in virtual reality technology come together in meeting spaces, 

both live and virtual. Leading to an expanded notion of ecology across disciplines, an ecology 

of practitioners was identified through an overall mutual coming together in the context of 

this study. Fieldwork revealed a curiosity and enthusiasm for virtual reality, and mixed reality 

environments for simulation enabled a generosity in information sharing. People genuinely 

wanted to share their experiences and visions for world-building, training and art practice in 

immersive digital environments. The reason for utilising embodied knowledge in work-based 

training differs accordingly to the modes of practice and the goals for using technology. 

Throughout this research, virtual reality enthusiasts enquired about this study, curious to trial 

new virtual reality work. By focusing on how dance knowledge can be shared through virtual 

reality, the application Spheres: A Dance for Virtual Reality enabled sharing of the experience 

within a community of practice. A mutual appreciation of virtual experiences and practices 

initiated the communication and was shared across platforms.  

 

Sharing virtual reality applications provide others with a context for this research and a way 

to understand its potential meaning. Without the practitioners’ voices and points of view, 

combined with a product and its associated experiences, conversations with the virtual reality 

community across arts and industry would not be on equal standing. Artistic work 

demonstrated how embodied knowledge could be transmitted and shared with artistic peers 

as well as industry contacts. Learning-through-doing things with others is a principle of how 

tacit knowledge is gained. It is also a central concept for artistic practice as research and for 

a community of practice. It is important to note that writing and presenting are also embodied 

forms of engagement requiring a distributed and dispersed sense of others’ time and place. 

These form a crucial node working with others in a network of producing new knowledge, 

being mindful all the time of not cutting off or substituting other modes of engagement and 

embodied ways of knowing. 

 

A community of practice is a theory for managing knowledge transfer. This is the description 

provided by educational theorist Etienne Wenger, knowledge design consultant Richard 

McDermott and learning expert William M. Snyder (2002), who go on to say that “sharing 
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tacit knowledge requires interaction and informal learning processes such as storytelling, 

conversation, coaching, and apprentice- ship of the kind that communities of practice” (2002, 

p. 13). This suggests that it was crucial to share virtual reality experience through the new 

work created (Spheres: A Dance for Virtual Reality), as it positioned the explanation of what 

embodied knowledge is and how it is transferred. This works because the application 

transmits the embodied knowledge to the participant directly through a physically 

demonstrated experienced.  

 

The use of virtual reality across arts and industry is still a new method in work-based training, 

and there is an enthusiasm to share information and findings across like-minded 

communities. The students at the Empathic Computing Laboratory were enthusiastic to trial 

the virtual reality dance application and to offer trials of their projects because there was a 

rapport established over time and because virtual reality is a shared connective interest. 

Insights shared through interviews, experiences and industry papers were communicated 

generously with those who shared an interest in virtual reality because the use of the 

technology felt new and the insights available to its application were unexpected. Consistent 

with the description of Wenger et. al. above, producing work bridged communication through 

a shared, improvised and co-opted vocabulary, drawn from physical descriptions coming 

together through an enthusiasm for the technology.  It was precisely this mix which resulted 

in the emergence of the unique effective insights and tools for understanding and 

communication through the study.  

 

Embodied knowledge in this context was not the point of connection. It was the technology 

and its potential that brought people together to find a shared or co-constructed language.  

A diverse range of people interested in virtual reality from gamers, film makers, academics, 

government policy makers, and students were keen to share resources, information and 

experiences. In addition to the usual channels of exchange, knowledge exchange took place 

through social occasions where it was possible to trial new virtual reality applications and 

listen to presentations and information sessions. Differences in processes and intentions 

expand the reach of the application of the technology, but the excitement was in the 

discoveries of how virtual reality experiences changes the participant. Virtual reality 

enthusiasts from industries ranging from education, research students, aviation, health care 
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and game developers were excited about emerging insights because there was equal interest 

in their special areas of expertise. Wenger and his colleagues point out that, “appreciating the 

collective nature of knowledge is especially important in an age when almost every field 

changes too much, too fast for individuals to master. Today’s complex problem solving 

requires multiple perspectives” (Wenger et al., 2002, p. 14). 

 

As mentioned, the virtual reality community does not come together with a shared 

appreciation for the value of an embodied perspective within immersive digital environments. 

On the contrary, their shared interest lies in the capability of the technology in world-building 

across gaming and industry, and it is this that dominates the points of interaction.  

Understanding the value that embodied practices bring to digital platforms is the domain of 

movement specialists and dance artists. For this reason, research on embodied practices 

within virtual reality can be pursued by dance artists and choreographers through creative 

arts courses, conferences and demonstrations. As embodied knowledge is a prime concern 

for dance artists, a readiness to understand embodiment across disciplines, its relationship to 

field-specific tasks, and variations in descriptive vocabularies opens the door for dance artists 

to share their knowledge. It is then up to dance specialists to introduce the importance of 

embodied learning within immersive digital environments, especially to those who are 

primarily interested in the technology as a technological platform. The focus on transfer of 

knowledge through an innovative use of terminology, and creative (even improvised) 

communication is a crucial aspect to the success of this venture. The results of this study, the 

key insights and choreographic tools are offered to the dance community to take up and use. 

 

In the final year of this research, an opportunity to apply knowledge on embodiment in 

immersive digital environments and trial how this knowledge could be transferred to industry 

was awarded. The focus of the internship was to assist on a project that measured social 

dominance in a mixed reality environment. The skills and knowledge brought into this PhD 

project were gleaned from this research and were then extended further in response to the 

requirements of the Empathic Computing Laboratory research methods. Whilst this 

transdisciplinary pairing was initiated, it is not one of the research projects or field sites for 

this study. Nevertheless, the opportunity presented the chance to bring all of the insights and 

tools from the study together in a concrete example and further confirmation of the potential 
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for the kind of fluid and rapport building cross-over of knowledges and practices pursued in 

this thesis.  

 

7.2 Review of Key Questions 

 

Insights emerged through my research in response to key questions -   

• What is the potential for the processes of transfer and transmission of embodied 

knowledge and dance knowledge within immersive digital environments? 

• How can the process of transfer and application of embodied knowledge(s) in digital 

simulations be mutually beneficial—from dance to other industries and from industry to 

dance? 

• How can dance knowledge contribute to digital embodied learning environments in the 

future? 

 

These questions drove research activities and were evident within and across the fields of 

futures, industry and the arts surveyed. However, over the course of the research these 

questions developed and changed focus to better reflect the direction of the research. 

Through contact with experts in fields outside of dance the questions guiding this study 

became more social – 

 

• How does it feel to experience immersive digital environments?  

• What language best describes the experience?  

 

The conditions that arose to transform the questions were observations and reflections on 

social approaches intuited to elicit discussion and knowledge sharing about embodied 

practice by allowing terminology to be fluid and developing sensitivity to emerging 

vocabularies. From strategies born from comparison developed an emphasis on conditions 

for mutual rapport.  
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7.3 Data Sites Analysis 

 

The transfer and transmission of embodied knowledge was the primary framework used in 

the investigation of a range of practices and the overarching research aim to establish an 

ecology of practices (Stengers, 2005). Together these practices informed the re-interpretation 

of immersive simulation environments as training and output platforms, thereby allowing 

points of similarity to intersect around immersive technologies and virtual reality. To this end 

this thesis focussed on industry 4.0 and cyber-feminist theory, future studies, simulation in 

work-based training, and immersive digital environments in arts and dance. As a result of the 

research process a first level of insights emerged primarily through the process of analysing 

responses in those sites where embodied knowledge and transfer occurs, and through 

observing professional practice across interdisciplinary fields. Through interviews with 

professionals and practitioners, the research journey revealed the hopes and fears of 

communities as they looked for new innovations in their ways of working and producing 

knowledge with the objective of gaining foresight into sustainable futures. In what follows is 

a brief summary of the trajectory of discussions in order to point out the way in which 

approach and foci can be understood as an argument for the necessity of embodied 

knowledge, and the conditions for its transfer and transmission to become transformation.  

 

This dissertation began by identifying a position as a choreographer fascinated with the 

potential for cross-collaboration between arts and industry through embodied learning and 

participatory practice. The point where transformation came into play was right at the 

beginning when experience from the performing arts enabled the approach towards each 

project open to the emergence of language and processes introduced by the expert visited. 

In reflection this openness to an undefined ecology of practices is, as Isabel Stengers insists, 

a stance against universalism and against comparison, “Connections are in the making, 

breaking indifference but bringing no encompassing unity (Stengers, 2011, p. 15).” Processing 

difference through a symbiotic goal that recognises the value of embodied knowledge in 

immersive digital environments was the practice in action, begun from dance knowledge and 

transformed into a research process that elicited the sharing of embodied knowledge through 

participatory engagement.  
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Experience as a performing arts professional allows for openness to shifts in understanding 

and intentions. Being respectful and aware that defining fields and terminology too tightly 

could restrict the emergence of expansive and transformational connections was an intuitive 

reflex. Viewing each field as porous and not bound opened the research to future potentials. 

Influenced by cyberfeminist thought and ontology, upholding a wholistic and morphing view 

of the world where humans, machines and ecologies are seen together supported the 

research.  

 

The importance of cyberfeminist theory and ontology is that it provides historical and cultural 

insights into the time in which we live. By exploring how industrial operations and human-

computer relationships in the context of Industry 4.0 are intertwined, and the evolving social 

structures and ways of being-in-the-world that this generates, raises important ethical 

concerns. Distribution of labour within a global economy, reliance on machines and machine 

learning for the advancement of a few is concerning. A synergy and conjunction between 

cyberfeminist philosophy and embodied cognition frameworks forms a strong case for the 

value for decentralised control and the view towards the end of an anthropocene era. 

Interactions of body and technology through extended and distributed networks and non-

hierarchical leadership is already evident in cultural, social and economic systems. Expanding 

the valuing of embodied knowledge within such systems firstly requires recognition that 

embodiment is beyond the skin and not exclusively human, then that embodied awareness 

enhanced through participatory practice can boost global wellbeing.  The argument hinges on 

the notion that the future envisaged is already manifest in our current industrial, social and 

cultural structures, and the specificity of knowledge transformation through a posthuman 

view, that does not privilege human dominance is the key to the future of technological 

advancement in any context, whether in industry or the arts.  

 

How crucial this link between body knowledge and technology is to our ability to imagine and 

build a future across industries, demanded critical investigation of the established vault of 

knowledge that dance represents as both an archive and embodied practice. There is no 

future without making a case for the body-in-process, and the body as the site of learning. As 

we co-evolve with technology and create digital artifacts through which to understand the 

world, we can overcome an us-and-them sentiment. We are our tools interconnected through 



 208 

visible structures and invisible networks and emphasizing an embodied self-awareness makes 

this evident. In bringing forth the spectre of Frankenstein, a cyberfeminist perspective can 

shed light on the way digital entities can become extension of our embodied existence. 

Posthuman perspectives, like future studies, reflect our hopes toward better work-based 

practices and the capacity to address social needs. Human impact on the environment 

through technology is a recognized evil, but it is not the technology alone that is to blame. If 

we are to believe humans dominate technology, this too empowers humans’ role in 

sustainability and disempowers the earth’s capacity for change without human intervention. 

Upholding such anthropogenic perspectives encourages an us-and-them rationale that puts 

humans at the head of power structures. If we can attune our senses to the non-human, 

machine and environment alike, and develop a rapport for mutual benefit then together our 

world might better survive and thrive.  

 

Throughout this thesis Katherine Hayles is cited, continuously driving home the point that, “it 

is not a question of leaving the body behind but rather of extending embodied awareness in 

highly specific, local, and material ways that would be impossible without electronic 

prosthesis” (2008, p. 291). This sentiment helps to eradicate the fear of new relationships 

with alien beings by focusing on the more natural experience of oneself within distributed 

systems across the biological and non-biological. It highlights a worldview where flesh and 

metal are integrated into the fabric of society and industrial structures. Recognition of a 

variety of hopes and fears of communities with alternate intentions shape the face of the 

future as ecologies overlap. If we can gather insights into points of convergence and 

multiplicity then ethical concerns can be reassessed from numerous perspectives. Whilst the 

future is not known, how we speculate on its trajectory, direction and qualities will influence 

the course of the future and raise concerns about where this is all going. 

 

The next step in this line of argument was to take up and interrogate the field of future studies 

in order to explore methodologies that both produce foresight and recognise technogenesis 

as the evolutionary cohesion of the human and the machine. This tactic is aimed at ensuring 

sustainable futures across arts and industry allowing opportunity for development and 

evolving practices. By practising anticipation through mindful and embodied methods, future 

preparedness can be actioned. Alternatively, lack of foresight without consideration of 
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potential crisis or risk management breeds avoidance behaviours stuck in habits that do not 

welcome mindful change.  Because immersive digital environments depend on technological 

innovation, the direction of their evolution is tied directly to how we feel about whom and 

where we are. To this end, mindful awareness of what it means to live in post-human, post-

COVID-19 times informs the development of research into new digital applications. 

Understanding a distributed sensorial potential for humanity, takes us outsides our skin and 

closer towards the non-human, thereby shifting embodiment in response to the times we are 

in. Not comparing, but simply shifting beyond our limitations towards non dominant status in 

our environment may drive more positive change. An emphasis on embodied awareness 

practised through enacting futures in immersive environments, digital or not, is what supplies 

the techniques for a futures methodology.  

 

The posthuman, post-COVID-19 condition has meant that in an environmentally fragile world 

we are working and living in distributed systems, dispersed in our homes rather than 

metropolitan hubs. We communicate through a montage of faces in zoom meetings, on 

desktops or the phone rather than face–to-face. Through the research for this thesis, it has 

been observed that we can learn real world skills in virtual reality in a low-risk environment 

that were once only learned on the job. The shift in embodiment from the physical into the 

digital world produces a visceral response, one that can be felt and known, and to some extent 

be in awe of. The reach of our senses beyond the skin is now capable of embodying worlds of 

our own making. If we don’t allow for shifts in embodiment and embrace our capacities to 

extend our embodied awareness across digital platforms there is risk of isolation, loss of 

communication and community.  

 

 The urgency for remote learning alongside embodied learning through immersive digital 

communication platforms has escalated and points to the need for integration, the transfer 

of knowledge, and the development of new vocabularies. Looking to the future with eyes 

open, the evolution of new technologies that enable immersive learning experiences through 

embodied interaction can fill this gap. This position is not only theoretical but also practical 

and process orientated as technogenesis is activated through sensorial subjective 

participation. Embodying futures methods (both metaphorically as representations of ideas 

about the future, and literally as bodies collectively enacting and re-shaping our shared 
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environment), necessarily informs and changes the choices we make and the direction we 

take to ensure sustainable outcomes. 

 

7.4 Evidence in Fieldwork 

 

a. Digital Simulation in Work Based Training 

 

The evidence collected and analysed from digital simulations designed for work-based 

training displayed the value of transferring embodied knowledge through ways in which it is 

processed in each industry and the social relationships specific to each. These examples 

brought hopes and fears to bear using a futures lens. There is a desire for scenario designers 

to see the benefits of consulting dance experts informed by transformational transdisciplinary 

practice when working in immersive digital simulation environments. This is because 

movement experts make a point to focus on both the intention and the multiple possibilities 

of each and every task, activated by specific choreographic tools, which leads them to an 

embedded scenario design. The connection of intention to goal through movement is crucial 

because it means the movement can be broken down to micro movements that contribute 

to specific embodied responses. In turn this leads to strengthening the body’s understanding 

of repetitive actions, as well as improvised possibilities. In addition, they can contribute 

gestural responses to digital triggers that cross over to real world, task-specific applications. 

Such attention to intentions and possibilities through an embodied awareness perspective 

activated through physical tasks could benefit the wellbeing of workers. 

 

By experiencing simulations first-hand, dance artists demonstrate best practice strategies and 

operational procedures with their own bodies. Tools for embodied practices in immersive 

digital environments such as mindfulness, guided movement, wayfinding and digital kinship 

can be applied directly. These terms function as points of contact between diverse bodies of 

knowledge and represent a way forward in thinking about processes and modalities of 

teaching, learning, training, researching, and creative practices. The following three future 

scenarios demonstrate how these terms can be applied as tools to assist cross-collaborative 

processes, assist to increase the wellbeing of workers and show how this research may extend 

into further studies.  
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In transport industries, the intention is to drive a vehicle safely so simulations for work-based 

training are built around the feel of a vehicle on the road, track or in the air. The driver must 

be comfortable and skillful, feeling at one with their machine. Haptic and tacit-based 

knowledge are important in transport design and is comparable to somatic research and 

procedural memory within dance practices which provides points of connection. Mindfulness 

ensures full attention to the task at hand, and improvisational scenarios provide the actual 

practice. For example, a dance expert, in conjunction with a vehicle driver, can rehearse 

improvisational scores composed of standardised movement vocabularies for specific tasks, 

with debriefing and feedback completing the exercise.  

 

In transport, a mindful embodied practice that focuses on using guided movement built into 

the scenario design would also enhance the driver’s skills and responses. Such practices could 

be included in training and adapted to each task. Skills in driving a vehicle are gained and 

refined in both tacit and explicit ways. By making tacit knowledge more self-conscious, one 

gains a better awareness of habits that can result in a rebalancing of physical relationships 

within a given scenario, making it safer for all concerned and more efficient work-based 

training. Adding value to non-verbal communication will elevate the views of the workers who 

are intuitively aware of sensorial information. A move through task protocol, rather than a 

talk through task protocol might elevate the status of the worker’s response in a simulated 

task. Tacit knowledge is essential and acquired over time, and if dance knowledge can focus 

on embodied practices to momentarily make tacit knowledge more explicit, then better work-

based practices can be ensured in the future.  

 

In virtual tele-surgery surgery, tacit knowledge, fine motor skills, physical awareness and 

wayfinding is a concern that artists are familiar with. A simulation in virtual reality could 

establish muscle memory for surgeons who need to find their way when cutting through an 

organ in a body. Similar to preparing for a dance from studio to stage, a process focusing on 

whole body awareness and learning could be developed. Warm up exercises could guide the 

movement of a scalpel from various directions, scaling from over-sized to baby size bodies. 

The purpose of rehearsing the task repetitively and across scales, directions, and pace, is to 

strengthen the body in this type of movement so that it becomes second nature. The purpose 
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of breaking down the physical components of the movement sequence is to bring to the fore 

a mindful self-awareness of how the whole movement works together.  

 

A mindful embodied practice paired with a wayfinding task would extend a surgeon’s physical 

abilities and multitasking dexterity outside of the usual range of motion within a task. By 

practicing variations of scale and reach, the surgeon can adapt to the patient’s size. Attention 

to their own sense of balance, strengths and weaknesses within their own physicality can also 

enable an informed response when approaching a task. Wayfinding as a choreographed 

procedural movement, taking the body from one point to another, can be mapped through 

pace, pause and reach. Paired with a distributed awareness across people and systems, an 

embodied practice can bring attention to the benefits and problematics inherit in the 

hierarchies of surgical operations. In each case an embodied approach could be included in 

training as a kind of rehearsal and be adapted case by case in consultation with a dance 

expert.  

 

More generally, enhanced embodied knowledge and advice from a dance expert could also 

be part of the training materials for work-based training in other industries. There is potential 

for bespoke consultations of embodied practices to finesse a simulation. For example, 

attention to the development of the scenario design, including consideration of how digital 

assets are manifested and cast within an application, would be informative. Using the key 

terms identified in this study as examples of how to analyse embodied response integrated 

into work place training is helpful but not definitive. Defined terms, fields and disciplines need 

to be unbound and fluid in application if the potential for transformation and deeper 

understanding is made possible by developing a rapport between experts, areas of expertise 

and a shared respect for embodied understandings. Only when boundaries and definitions 

break down in the processes or transmission and transfer of embodied knowledge, through 

subjective participation, do the results become transformative. Honing in on people’s hopes 

and fears to devise experiential scenarios, can assist in opening up this potential and focus 

intentions on applied embodied knowledge.  

 

These studies substantiate and provide a context to the knowledge of dance artists, which 

supports the application of dance knowledge applied through transformational theory in 
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cross-disciplinary contexts. Seeing dance artists as movement experts opens up possibilities 

for dancers to be employed outside of the arts, but it is not only dance knowledge that is 

valuable to others. By applying a transformational theory in processes, whereby fixed identity 

is put to the side for openness to shift towards other’s perspectives, real change may be 

made. This research provides the basis for making dance artists aware of their knowledge and 

abilities gained through professional performance making experience and its potential reach, 

whilst exposing those outsides of the arts to the contributions and value of dance knowledge. 

The benefits of applying dance knowledge across disciplines, specifically in immersive digital 

environments, through transformative practice opens the need for further studies in this 

area. 

 

b. Arts Practices: Immersive Performance, Experiential Futures, Simulation and Virtual 

Reality Environments 

 

In addition to researching how dance knowledge can benefit industry, it becomes possible to 

ask how dance is shifting within immersive digital environments. The answer to this question 

became evident by observing the hopes and fears of consulted dance experts. Dance 

knowledge/embodied knowledge touches deeply upon our hopes and fears as we live in a 

time with a fragile ecology, with concerns for the health of our planet. The field of futures has 

pivoted the perspective from what do we have to gain, to what we have failed to learn. By 

engaging with our hopes and fears in an experiential manner we can study how we embody 

our environments and question our self-awareness and choices in uncertain times. 

 

Hopes and fears that are defining how simulation in immersive digital practices will potentially 

develop, mutate or cease to evolve are centered around ethics, social capacities and 

presentation abilities. For artists, fears of disembodiment ground some doubts, as well as 

wariness about disengaging from non-digital communities, and an us-and-them distrust of 

technology. Dance artists looking to the future have questioned whether enjoying a digital 

experience will isolate them from the creative team who made the work, and then from the 

experience of an audience in live theatre. Such fears are based on ethical concerns about 

whether people should be communing with digital avatars, or whether they are choosing 

virtual entities over real people.  
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Fears of physical disconnect and isolation from communities can render response in action as 

futile. If our bodies are redundant, how do we respond through physical engagement? The 

enjoyment of a dance for virtual reality work by a dance audience, is an example of how 

participatory experience shifts this view. By experiencing the work directly, questions about 

the reliability of such terms as ‘dance’, or ‘is this dance?’ can be approached through 

participation. Audience, technology and the artists come together through a social experience 

that enables close connections with audience as digital avatars. Fear of new ways to connect 

with dance can be overcome through subjective participation and gentle introductions to 

virtual experiences in dance contexts that expand the view of dance. The development of 

digital dance platforms does not have to remove the dance from the dancer. 

 

Virtual reality dance work designed as a multi-user experience is a form of social experience 

that is still emerging as a popular performance form, mainly due to restrictions in the 

development of the capacity of the technology. Virtual reality as a tool provides hope that 

new developments in data tracking and remote collaboration will enable multiple user 

experiences. In fact, multiple user experiences offer another way to open the limitations of 

virtual reality as an isolated experience, to include others. Because it is not cost efficient, or 

easy to manage a singular experience, for example in a production venue designed to host a 

crowd in post COVID-19 times, the advantages of limited user experiences (in the room or 

streamed to a remote location) become evident. In industry, a multiple user experience can 

allow teams of people to train together and communicate across physical distance, virtually 

but still face-to-face. Technology that can bring people together whilst remaining physically 

apart has gained traction, especially in recent times where we have been confined largely to 

our homes. Even before 2020, there had been a push towards reducing emissions and saving 

travel time by connecting remotely through virtual reality. While the anxiety of travel will not 

abate with the utilization of digital platforms, having alternative communication options that 

have the potential for greater connection through increased presence is highly sought. 

 

Presentation models where multiple users can experience an application at the same time 

have so far been the best solution to avoiding an isolating experience. There is little difference 

in whether participants are networked, or just in each other’s company because they are 

together. Although the experiences are not the same, they can provide a different mode of 
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interaction that has its own embodied triggers and social forms of cognition. Such situations 

give the participant a sense of a shared experience where they are not alone in the space. For 

their part observers can witness the experience as community choreography. When 

participants all experience an application simultaneously, in proximity to each other, they 

move through a shared choreography that illustrates how guided movement leads them 

through the application.  

 

There are still presentation challenges in working with virtual reality in venues that have been 

designed for a performance on stage, or a gallery space. There is a need for new spaces to be 

designed where participants can move (in a safe distance to each other), but is not closed off 

to the extent that the experience cannot be shared, or in the case of a performance venue 

where participants are framed as a show, as explained in the following speculative example: 

 

One day in the near future you can observe a room in a cultural center full of people 

silently progressing through a multilayered symphony of movement. You understand 

that each movement from the miniscule body motion to the large group movements is 

all part of a choreographic design. However, the live-ness suggests mindful decision 

making from moment to moment, the quality of curiosity and simultaneous discovery 

gives the performance an improvisational feel. Images and qualities are suggested for 

your selection as you find your own vibe and feel. Inside the work, you are invited to 

navigate your journey through a space that demands your complete physical 

awareness, senses primed, skin a tingle. There are worlds of possibilities …   

 

Dance for virtual reality is an emergent art form with its own principles the understanding of 

which are aided by the concepts and techniques of mindfulness, wayfinding, guided 

movement and digital kinship. These terms and others like them emerge from a process of 

developing understanding of embodiments specific to immersive digital environments. These 

terms were chosen as examples of a fluid vocabulary that resonated with my view as a 

researcher seeking to bridge divides between disciplines. Selecting terms of translation can 

be taken as a model for other choreographers and scenario designers to use in developing 

rapport across disciplines or to scaffold creative work and industry consultation. It is the 

potential for a multitude of inspired possibilities, influenced through independent and 
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collaborative creativity, that will enable immersive digital experiences in the arts to 

differentiate from both traditional and contemporary arts as they currently stand. Through 

creative problem solving, expansive thinking and experience in cross-disciplinary 

collaboration, artists are well positioned to develop new work through a virtual reality 

platform. Each of these components add up to an expansive view of dance that can cross 

disciplines through transformational practices open to pushing boundaries and entangling 

established terminology with emergent vocabularies. As science and technology look to 

expanding their innovative capacities, artistic contributions to the field will become more and 

more ubiquitous permeating the structures of our daily lives, our perception and processes 

for shaping the future. 

 

New advancements in technology go hand in hand with social progress as well as societal 

problems and challenges. Immersive digital environments can become scaffolds for creating 

contemporary arts and dance works with the intention to inspire, evoke wonder and inform 

politically and socially. The aim of contemporary dance virtual reality experiences is to 

experience dance first-hand. The dance knowledge acquired by a participant is not skills-

based but, rather, gained from insight into the quality of dance and the way dancers activate 

a physical task. What it feels like to dance is shared through virtual reality experiences as well 

as participation in the very act of creating contemporary dance embedded in the scenario 

design. The personal experiences of participants allow dance knowledge to become part of 

their understanding of the world. It is crucial to stress that the transmission of dance 

knowledge, in this context, aims to enrich people’s lives through the appreciation and 

involvement in arts experiences through their own subjective participation.  

 

7.5 Conclusion 

 

In final conclusion, I would like to speculate on how the insights I have gained also indicate 

potential transdisciplinary shifts in educational environments, which I feel is important to 

acknowledge considering the shifts in the cultural climate in education. As creative arts and 

humanities departments lose funding and student fees for such courses are hiked, it is timely 

to consider what a transdisciplinary education might look like. Transformational practices in 

which students are encouraged to build rapport and understanding across disciplines to assist 
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with the sharing and expanding of languages, fields and points of connection has to come 

from a concerted effort. It is timely to consider how strengthening positions in a field may be 

to the disadvantage of listening to another. As Stengers advises, “Learning from requires 

encountering, and encountering may indeed imply comparison, but there is no comparison if 

the encountered others are defined as unable to understand the point of the comparison 

(2011).” A loosening of the defence is required to enhance learning.  

 

The conditions for transformation to take place within educational institutions to 

transdisciplinary education depends on an openness to listen and shift positions to seek 

points of difference across languages and intentions. A view in keep with cyberfeminist 

thought where, “a doctrine and practice of objectivity that privileges contestation, 

deconstruction, passionate construction, webbed connections, and hope for transformation 

of systems of knowledge and ways of seeing (Haraway, 2020, p.585),” is possible as each field 

become decentralised and less dominant. Dissolving boundaries is one thing but knowledges 

seeping beyond the institution and leaking in from communities in which they are situated is 

equally important.  

 

Deeper connection with communities is needed to elicit their hopes and allay fears to allow 

for a better integration between educational institutions and students within the towns and 

cities in which they are embedded. Futures scenarios can in turn be activated by the 

navigational, orientational and relationship-building gleaned from the community in which 

they are engaged. Through an iterative system of trial and error, simulations can be developed 

to better assist embodied learning from education, across industry, and back into 

communities. Arts and entertainment platforms will need to be critically evaluated so that 

audiences/participants can be empowered to be curious and independent within their own 

experience-making and world-building. This study by focussing on transformation practices 

provides the theoretical framework for this critical evaluation to take place.  

 

In addition to the benefits of dance knowledge crossing over into industry through shifts in 

education and training, embodied practices can also be highlighted and dispersed throughout 

workplace activities and practices. Different models of learning on the job may be applied, 

and the transmission and transfer of embodied knowledge can be taught through core 
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concepts linked to topics specific to immersive digital environments. This is where listening 

to others and appropriating languages can instruct educational topics for a new generation 

with cross disciplinary relevance to expand opportunities for sustainable employment. An 

expansive view of dance as a progressively innovative field of practice can drive this 

knowledge transfer through the adaption and extension of creative developmental processes. 

Drawing on my research dance experts can become more adept at explaining, demonstrating, 

modelling and emphasising the importance of embodied awareness, it is important to note 

that the intersection of embodied practices, originated from many perspectives, will 

exponentially increase the transfer of knowledge and the ability to share modes of 

embodiment. Throughout my thesis and in particular in my conclusion, I am proposing how 

more inclusive and wider communities of practice that cross over to non-arts based fields can 

come into being. I also think establishing these wider communities of practice is necessary for 

the future, for an ethical technogenesis. But in returning to my artistic roots I could also say 

that in following this particular evolutionary process informed by post-human thinking means 

that the art including dance of today will not look like the art of the future.  
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Appendix 1 

Photographs: Choreographic Process; Spheres: A Dance for Virtual Reality 

 

 
3rd year dance students, Adelaide College of the Arts. Photograph by Sarah Neville 

 

 
Sarah Neville, Jazz Hriskin and Daish Malani at the Motion Capture Laboratory, Creative Computing Studio,  

University of South Australia. Photograph by Matthew Thomas. 
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Tiarna Linke at the Motion Capture Laboratory, Creative Computing Studio, University of South Australia. 

Photograph by Matthew Thomas 

 

 

 
Daish Malani, Tiarna Linke and Sarah Neville at the Motion Capture Laboratory, Creative Computing Studio,  

University of South Australia. Photograph by Matthew Thomas 
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Tiarna Linke at the Motion Capture Laboratory, Creative Computing Studio, University of South Australia. 

Photograph by Matthew Thomas 

 

 

 
Motion Capture Laboratory, Creative Computing Laboratory, University of South Australia. 

Photograph by Matthew Thomas 
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James Wilson, Sarah Neville and Tiphenie Evans at the Motion Capture Studio, Creative Computing Laboratory,  

University of South Australia. Photograph by Matthew Thomas 

 

 
Motion Capture Laboratory, Creative Computing Studio, University of South Australia.  

Photograph by Sarah Neville 
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James Wilson and Kirra Doherty at the Motion Capture Studio, Creative Computing Studio, University of South Australia. 

Photograph by Sarah Neville 

 
Tiarna Linke at the Motion Capture Laboratory, Creative Computing Laboratory, University of South Australia. 

Photograph by Sarah Neville 
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Daish Malani at the Motion Capture Studio, Creative Computing Laboratory, University of South Australia. 

Photograph by Matthew Thomas 

 

 
Still from the virtual reality application, Scene 1 
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Still from the virtual reality application, Scene 2 

 

 
Still from the virtual reality application, Scene 3 
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Felecia Hick, application trials at the Motion Capture Laboratory, Creative Computing Studio, University of South Australia. 

Photograph by Sarah Neville 

 
Performance, Adelaide College of the Arts. Photograph by Sarah Neville 
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Program Notes 

Spheres: A Dance for Virtual Reality 

 

Sarah Neville is currently investigating how it feels to dance in immersive digital 

environments. Through the use of motion capture and virtual reality technology, she invites 

the viewer to interact with the work and experience contemporary dance firsthand. 

Traversing a journey for seven dancers through three worlds, the experience will explore each 

dancer’s movement and how it resonates with the environment. The experience involves 

moving with the dancers, moving the dancers and being moved by the dancers. 

 

Sarah Neville - Choreographer and Artistic Director 

Daish Malani - VR Interaction 

Matthew Thomas - Composer 

James Wilson - VR Developer and 3D Graphics 

Madeline Blumer - Dancer 

Ashlee Vermeer - Dancer 

Jazz Hriskin - Dancer 

Tiarna Linke - Dancer 

Leo Ashenden - Dancer 

Tiphenie Evans - Dancer 

Kirra Doherty - Dancer 

 

Produced by the South Australian School of Art, Creative Computing Studio, University of 

South Australia and the Adelaide College of the Arts, Dance Department. 
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Appendix 2 

 

Choreographing for virtual reality, Spheres: A Dance for Virtual Reality  

 

As an artist and an educator, I have become increasingly interested in pursuing further 

research into choreographing dance for virtual reality. Research into digital dance in 

immersive environments has a wealth of potential to extend dance as a form. Dance in 

interactive, immersive digital environments can encourage a dance audience to experience 

dance first hand and develop an embodied understanding of dance through direct experience. 

Virtual reality can be accessed at home and across distance, perfect for a post-COVID-19 

world. I hope in the future that dance for virtual reality and digital performance more 

generally can be developed as a specialist area of research. I explain in this appendix to my 

thesis how I am currently working with my practice and how I hope to develop it further 

beyond my PhD.  

 

I first began choreographing for virtual reality during my PhD studies in response to a 

commission I received from the Adelaide College of Arts/ Flinders University. To begin the 

creative process for Spheres: A Dance for Virtual Reality, I introduced the idea of digital dance 

to the dance students through a presentation-style lecture. I spoke about my work as a 

choreographer and my history working with dance and technology. I then introduced the 

work of others who use motion capture technology such as the Open-Ended Group 

(http://openendedgroup.com/), and current dance works made for virtual reality such as 

VR_I, Celestial Motion (2009) and Dust (https://vrdust.org.uk/). Within the same session I 

demonstrated Celestial Motion through the use of a smart phone application headset. The 

dancers took turns in the experience and fed back their impressions to each other as well as 

to me. By giving the students a direct experience of virtual reality for contemporary dance, as 

well as a background in motion capture, I set up the context and provided an idea for a 

possible outcome.  The next step was to set up the process.  

 



 260 

I ended the first session by beginning the creative process, framed within a futures 

methodology. I asked the students one question about process and a question about virtual 

reality as a form. The questions included: 

 

• What are your hopes and fears within the upcoming process and associated 

outcome in making a contemporary dance for virtual reality? 

• What are your hopes and fears for contemporary dance in a world where dance 

for virtual reality is a possibility? 

 

These questions were futures studies focussed, aimed at eliciting a future forward vision for 

the project and that allowed the dance students to be aware of their own input into the 

collaborative process. The students’ responses to the first question included feeling fearful 

that they might not understand the process or project as it was a new form, and fears that 

the physical body may lose value to the digital form. The hopes expressed included that the 

work may bring friends and family, who are usually disinterested in contemporary dance, to 

the theatre. In answer to the second question, their fears included the possibility that if 

people could view dance in virtual reality, then they would be less likely to come to the 

theatre. At this time the students were relatively naïve about processes for digital dance 

works, which meant this initial conversation was aimed at initiating their curiosity and 

nurturing forthcoming questions. 

 

The next step in the process was a week of improvisation sessions that were dedicated to 

generating choreographic content for the work, before going into the motion capture studio 

to collect dance data. The structure and feel of the work were already decided before I started 

work with the dancers. This was necessitated by the short time I had to work in the studio 

and the pressure for a professional standard performance for a paying public. The creative 

rationale was to produce a work that commented on the Anthropocene and enabled user 

interaction to motivate movement within the experience, thereby allowing a personal, 

intimate and one-on-one experience.  

 

The work has three sections, - Wind, Coral and Giants - that are thematically tied into the 

theme of the Anthropocene. The first section, Wind, is based on a human sized avatar, which 
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moves with the elements as well as engaging in a social dance with the participants, thereby 

grounding the section in a very human centred world. The relationship between the avatar 

and the participant is developed as digital kinship by the avatars being human sized, moving 

in a mindful and gentle way that is friendly to the participant. The avatars propose a social 

dance by presenting a sphere in their hand as an invitation to connect with a sphere in the 

participant’s hand. When the participant reaches to touch the spheres together there is sonic 

feedback in the form of an electronic buzz, the spheres glow and the movement of the avatar 

accelerates to encourage the participant to continue to follow their movement. This first 

scene is choreographed through guided movement, I use the connection of the spheres to 

guide the participant to copy, follow the lead of the avatar or to interpret the dance in their 

own way. If the participant chooses not to dance by connecting through their hands, they 

might follow the movement with their eyes which also guides them to turn 360 degrees, look 

up and look down. 

 

How the dancers’ bodies relate to the space and how they represent time was very important. 

Keeping in mind the capacity of the 3D graphics and how we might illustrate disembodied 

movement, I wanted the dancers to generate movement that was slow and meditative, 

leaving a trace of particles as the they moved. As this is the opening of the work and initiates 

the digital world, I intended the introduction to slow the users’ minds and focus on the 

experience in a mindful manner. We experimented with varying degrees of being attached to 

the ground while working with light floating qualities. I felt it was important for the dancers 

to have a sense of the floor, as they would be motion captured with their feet standing so it 

was important that they felt grounded. It was equally important for the intended audience to 

feel their relationship to the floor given that they would be new to virtual reality and a sense 

of their actual relationship with the ground could be reassuring.  

 

The second section, Coral, takes the environment to an elemental level where the avatars are 

like organic material, or coral moving with the tide and spouted from the earth. Participants 

can handle, move and make changes to this environment as they might do in nature in a non-

digital world. This section encourages the agency of the participant and allows them to control 

the placement of the tiny coral-like avatars in their world. As an exercise in world building, 

the participants find their way by creating shapes and designing their own experience. As a 
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dance based work, the intention was for the participant to feel what it is like to choreograph 

the dancers in new formations – groups, trios, duos or solos. Wayfinding, as a key 

choreographic tool is the outcome of the agency enjoyed by the participants and the aim of 

the choreographic design that encourages the participant to find and develop their own 

experience. As the avatars are small the participants view the scene from above, bending 

down to pick the avatars up, so the scale of the scene guides the participant to bend forward. 

 

The coral section was choreographed with dancer’s being grounded to one spot, without 

travelling movements, so that the participants could place them somewhere and they would 

stay there. The movement needed to be fast as the avatars are small, with limb extensions 

and variations of change. Each dancer’s movement was unique so that parings and groupings 

would be different. Later I chose to replicate one of the avatars so that there were groups at 

the beginning of the scene all moving the same. When the formations were changed it was 

easy to see the disruption in the uniformity. The dancers were going to be seen from above 

so how the limbs formed shapes around a torso or how different planes could be formed in 

relation to vertical possibilities were explored. Our first choreographic attempts included 

mostly floor phrases which had to be reviewed in light of the capacities of the Optitrack 

motion capture system.  

 

Once we had generated the choreographic material, we spent two days in the motion capture 

laboratory where each dancer performed their movement for each of the three parts of the 

scenario design. Wilson and Malani captured the data using Optitrack motion capture 

application, and Thomas and the dancers assisted with documentation. The process went 

smoothly on the first day and we refined the process on the second day. We learnt that it is 

difficult to capture movement that is on the ground. We also learnt that in retrospect it is best 

to align the digital skeleton with the movement to avoid limbs going askew in the future 3D 

animation work. In the second session the choreography was adapted to the capabilities of 

Opti Track, so it was performed standing. We added more upper torso movements and 

worked on including hands reaching up towards imagined participant so encourage the 

interaction between avatar and participant which fine-tuned the interaction of the dancers 

with the imagined user. 
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The dancers reported that after the first session they enjoyed seeing themselves represented 

as a digital skeleton. There was often a playful comical response to viewing their movement 

represented in real time by a digital skeleton. Several dancers were concerned at the lack of 

articulation between hands and feet, but most felt that they were performing for an imagined 

virtual reality user, rather than performing for the digital skeleton as a mirror. One dancer felt 

frustrated that the digital skeleton was not representing her movement well enough. Each 

dancer agreed that the movement signature of each was recognisable and distinctly belonged 

to each dancer within the group.  

 

The third section contains Giants in the form of robots, which threaten to move and change 

humanity. This world is designed to make the participant feel like it is their turn to be picked 

up and placed in a new configuration in the digital world, thereby reversing the previous 

digital relationship. Whilst neither the Coral world nor the Giants world foster an overtly 

friendly relationship between the digital avatars and the participant, they are both designed 

to question what digital kinship might mean when power relations are not equal. Again, in 

contrast to the last scene the participant is guided by the movement above them to look up, 

so the visual information suggests that an upward inflection of the spine is best to experience 

the scene. The movement of the giants around the horizon and in proximity with the 

participant guides where to look and defines the place of the participant in the world.  The 

Giants scene, was choreographed in slow motion as the figures were larger than life. As the 

skins were selected to be robotic in appearance, the movement included human -like fidgets, 

pauses and non-performer like behaviour. When reviewing the choreography, the dancers 

and I lay down, looking up and watched the dancers step over us.  

 

To choreograph the work, we simulated the experience of the user, framed as a children’s 

game to drive the scenario design. Children who are experimenting with roleplaying and 

imaginary worlds usually play the game. The person initiating the game will often start by 

including a friend or family member. The commentary goes something like: “you be the 

person,” a finger is pointed and a smile acts to start the switch. “I’ll be the fairy 

princess/witch/frog/digger… Now here I come!” In this game the main character choses their 

audience, and the person who is the focal point around which the game is played. In creating 

movement material for virtual reality, the dancers and I needed someone to step out and be 
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the person to play to/with. In this way we began to shift our performance focus and language 

around the imaginary participant in virtual reality. This game was the method by which we 

designed simulations to feed into the possible scenario designs.  

 

Choreographing for virtual reality in this case meant choreographing for a 360-degree 

interactive environment. To develop the choreographic design, the dancers and I work-

shopped possible simulation scenarios considering the potential of the game engine software, 

my artistic vision and our hopes and fears for the user. Each dancer had the opportunity to 

trial a simulation scenario created by the rest of the group keeping in mind the intention of 

each section. They also had to consider the social interactions, choreographing dancers in the 

space, and how it might feel to be part of something bigger that moves you. From these 

simulation scenarios I put together a choreographic design, which I shared with Wilson and 

Malani then Thomas who composed the sound design.  

 

At the end of each week the dancers trialled the current version of the Dance for Virtual 

Reality and gave feedback until we felt the experience was finished. The feedback helped to 

evaluate and prioritise the effectiveness of particular interactive elements. Such features and 

decisions around giving the user agency, making sense dramaturgically in motivating the user 

to move, and the aesthetics/feel of the work as a contemporary artwork could be reworked 

and honed. Within this collaborative dialogue there was a constant negotiation of priorities 

and intentions across disciplines.  

 

The concepts mindfulness, guided movement, wayfinding and digital kinship, applied as 

choreographic tools across all three scenes happened firstly in the choreographic planning, 

then in the studio and later in the scenario design in Unity. There is a cross-over of dance 

knowledge from my experience as a choreographer with knowledge gained working 

specifically in immersive digital environments. The difference in choreographing for virtual 

reality includes non-human scale, 360 environments, proximity and the ability to move 

through digital entities and avatars. Most importantly the responsibility to guide the 

participant through the experience is where the application of key concepts as choreographic 

tools was insightful and necessary.    
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The process undertaken in my first dance for virtual reality work, taught me that 

choreographing dance for virtual reality came with its own work-flow and skills. The process 

consisting of; generating choreographic material, capturing dance data, reviewing the data 

and capturing again, choreographing the user experience and then simulating interactive 

variables to feed back into the user experience was discovered through the creative 

development. This process has become the backbone of subsequent projects currently in 

process and is one I am sharing with students in tertiary courses through secondments and 

commissions. Within such processes transdisciplinary collaboration is necessary and with this 

comes the acquisition of knowledge that is transferable to disciplines outside the arts. 

Demonstrating how to expand the capacity of dance knowledge/ choreographic knowledge 

across industries by recognising the scope of embodied knowledge and its value in immersive 

digital environments should be the focus of new agendas for education and training across 

industries.  
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Interview	Questions	/	discussion	probes	
	
Sarah	Thomas	
	
Transmission	of	Digitised	Simulation	environments	and	Virtual	Reality	Platforms	
in	Dance		

This	project	will	investigate	the	potential	for	choreographic	development	and	
production	through	the	emergent	technologies	of	Digital	Simulations	and	Virtual	Reality	
(VR)	environments.	
	
	

1. Why	do	you	choose	to	work	with	Virtual	Reality?	
	

2. Why	do	you	use	Simulations?	
	

3. How	does	this	technology	change	the	way	you	move?	
	

4. How	does	this	technology	change	the	way	you	understand	movement?	
	

5. What	are	you	trying	to	achieve	by	using	this	technology?	
	

6. Would	you	like	to	develop	this	project	further?	
If	not	why	not?	If	so	why	and	how?	
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