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Viewing notes

This thesis and accompanying appendices are originally presented as a digital interactive 

PDF. The interactive PDF is available to download from https://aut.researchgateway.ac.nz/ 

The recommended way to view it is via Adobe Acrobat or the free Adobe Reader. 

Within the content there are different animations and movies embedded as H.264-encoded 

video, please use at least Acrobat or Reader 9 or later in order to view them. 

All movie and animation files have a toolbar that will appear on rollover. You can use this 

to navigate and replay movies. There is also a handy button on this toolbar, which you can 

right click and select to view the movie at full screen multimedia.  

Abstract

This research unfolds an ontology and aesthetics of cloth through physical, digital and 

virtual states.  Material structure and cloth dynamics are investigated through the use of 

the technology of motion capture. The context of the motion capture environment permitted 

working in a 3D digital space with physical things. The potential of motion capture as an 

innovative designer’s tool that can be used to engage not only with motion, but also with 

the materiality of things, is emphasised. 

This speculative project provides insights into new methods and approaches for fashion 

research, and contributes to the discourse on new media practices and aesthetics from a 

different disciplinary perspective. Informing this thesis is an approach through material 

knowledge of cloth gleaned from an industry background as a fashion designer. This 

ephemeral and pragmatic understanding of the nature of cloth is extended to unfold deeper 

ontological and aesthetic considerations as an active register to imagine possible future 

surfaces. The thesis documents a creative research practice, thinking in and through the 

materiality of cloth, across the processes and intersections of physical, digital, and virtual 

interfaces. Ontological and aesthetic frameworks that value perceptual and sensorial 

experiences of cloth are investigated. The aesthetics of material surfaces in the physical state 

are closely tied to corporeal and sensory interaction, as primary conditions of this experience.  

An original, innovative textile with embedded markers which enabled successful tracking of 

cloth in motion capture was developed.  This new textile released the cloth from its physical 

matter by recording the specific nuances and mutability of dynamic movement using the 

three-dimensional space of motion capture. The cloth could be seen as pure surface, an 

interface that linked the physical body in digital and virtual environments. The data captured 

from cloth and body was used to create new virtual surfaces which explore the tactile and 

haptic possibilities of mixed reality spaces. The new textile was critical in considering how 

material can reveal the trace of the body and answering the question of how we can isolate 

and observe moments that Miller (2008) suggested as the cloth yielding to humanity (p. 42).

Within this thesis, an approach that reconciles both the materiality and the performativity 

of the cloth is emphasised. Significantly, gestures and acts of embodiment used to interact 
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with the cloth in motion capture carried over as residual information into the new mediated 

virtual surfaces, revealing traces of the human being within the data of virtual and digital 

environments. Tactility and the ‘the hand of the cloth’ can be seen within this context as 

a critical linkage connecting the divide between physical body and digital world. The 

relationship between body, clothing and environment is highlighted as mutually informative, 

each impressing upon and influencing the other, and the relationship between physical, 

digital and virtual states is revealed as similarly symbiotic and dynamic. 
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Chapter One 
Introduction
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 Introducing the research

This thesis takes the researcher’s established fashion and textile design practice into a new 

conceptual space of the digital and virtual, framing the context for experimental creative 

inquiry. The surface of cloth is reconsidered as an interface to the body, a metaphorical 

screen and ‘soft prosthesis’, which is both extension and augmentation. Cloth as a surface 

is explored as a pivotal apparatus and interface, connecting the physical body within digital 

and virtual environments. The focus of this research lies not with semiotic representational 

information carried by the cloth but rather with the significance of the cloth as a responsive 

interfacial surface, a second skin that carries embedded information. The materiality of the 

cloth, its agency and embodiment is questioned as it is converted from textile, into data 

and code across different states of physical, digital and virtual. The cloth unfolds across 

these states, beginning as physical cloth of warp and weft, transferring into virtual cloth 

as it is motion captured. The cloth is represented as a ‘point cloud’, and finally within 

digital simulation, the cloth’s existence becomes texture and wireframe.  Key philosophical 

and pragmatic understandings of the nature of the cloth are highlighted throughout this 

transference.  

The discussion provides an overview of processes that emerged from reimagining textile 

and fashion surfaces with digital and three-dimensional (3D) methods.  A series of iterative 

experiments integrate transference from physical to digital to virtual design, incorporating 

the researcher’s fashion perspective. The creative experiments and processes of making 

are underscored by the coupled questioning of ontology and aesthetics. The thesis that is 

presented as an exhibition of creative work and a written exegesis, documents and uncovers 

the aesthetic and ontological understandings that emerged through material engagement 

within hybrid interfaces.  The creative practice considers the materiality of the cloth as it is 

decontextualized, observing and questioning what happens to the cloth within these new 

states.  The overaching question asked through this is how does material reveal the trace of the 

body? Can we isolate and observe moments that Miller (2005) termed ‘the cloth yielding to 

humanity’? What then is the existence and the experience of cloth in its physical medium, 

and what changes when the cloth is transferred into a digital state?  What happens to the 

cloth and the body in a virtual state, what is observable, palpable and experienced when 

the matter is stripped away? The research centralises speculative questions to ask how 

cloth and surface can be reimagined and understood through hybrid materiality. What is 

our understanding of materiality in different states, what characteristics are essential to 

the existence of the cloth in these various states; how does this alter our perceptions and 

experiences? The overarching research question of how material reveals the trace of the body 

is investigated through consideration of the ontology and aesthetics of the cloth. Various 

sub-questions, are organised into ontological and aesthetic strands and used throughout the 

research. These ontological and aesthetic questions are documented in full in the conclusion. 

Clothing can be seen as both extension and augmentation of the physical body. The 

contextual relationship between the stratum of body, clothing and environment is dynamic 

and reveals cloth as mutually informative. Tracking the cloth through digital and virtual 

iterations raises another question that is central to this inquiry:  Is there a similar relationship 

between the body, virtual environments, and digital software? In fashion design practice, the 

‘hand of the cloth’ is a tactile and haptic gauge, whereby physical touch is used to ascertain 

material properties such as weight, structure, fabrication and texture, which determine 

design possibilities of a fabric. In this thesis the research also considers the ‘hand of the 

digital’ and what the aesthetic implications may be from engaging with the innate material 

properties of the digital and virtual itself. These questions are extended and explored by 

design processes re-imagining skin as a conceptual material interface. Key insights are drawn 

from the comparisons of materiality across different states. 

Through design research, virtual contexts and digital media tools are used to interrogate 

perceived notions of textile, surface and body, and the resultant speculative propositions 

expand understandings of the nature of surface and prospects for surface design. By 

examining the unfolding of the cloth through virtual and digital registers, the thesis seeks 

to activate an imagination of possible futures, innovations and new technologies. As a 

critical framework, key theoretical framings of textile and fashion practice are informed by 

emergent digital and virtual theory. The research utilises a bricolage of physical and haptic 

approaches with digital materials. By locating this design practice in an interdisciplinary 

context, new forms and materials are explored by engaging with textiles from aesthetic, 

conceptual and performative perspectives. The outcomes of these creative processes and 

material investigations contribute to new understandings of experiential and procedural 

aspects of making with virtual and digital technologies. The research is theoretical; it is not 



2120

concerned with functional solutions to problems, but with consideration of the possibilities 

of cloth as surface and interface within new cultures of digital and virtual materialities. 

The thesis ‘follows the materials’, allowing the poetics of cloth to reveal themselves across 

the iterations of physical cloth, digital cloth simulation, and virtual motion captured cloth.  

Embodiment, gestures and sensory engagement are questioned through this unfolding. 

Throughout the thesis, Deleuze’s philosophical notion of ‘the fold’ is used to frame the 

transformative potential of new surfaces. Deleuze uses the fold to describe dynamic and 

creative forces equivalent to a process of infinite becoming, as “everything folds, unfolds, 

refolds” (Conley, 2005, p. 170). Deleuzean concepts weave throughout the thesis, connecting 

with the research through concepts of ontology and aesthetics, affect, assemblage and 

deterritoralization.  Rather than being seen as a Deleuzean scholarly approach to theory, this 

philosophical framing evolved in response to the concepts that emerged through the research. 

The contextual framing of the project outlined in Chapter Two demanded a broad remit. 

The interdisciplinary nature of the research necessitated an examination of relevant critical 

texts, creative projects and developments from digital theory, virtual theory, and fashion 

practice as well as consideration of the body, cloth and surface. The discussion locates the 

position of the research within the context of these multiple relationships. 

The researcher’s material perspective and design background underlines navigating the 

approach to digital and virtual theory. Organised into sections of physical, digital and 

virtual, the contextual review also takes into consideration the corresponding fluid zones 

that account for the critical points of intersection between these categories. Within each 

contextual discussion, the ontological and aesthetic questions driven by this philosophical 

approach are employed in the summary to discuss and evaluate theory. 

The methodological strands and processes that link this project are discussed in Chapter 

Three. The interdisciplinary nature of the research has resulted in the development of a 

hybrid methodology that draws from a material approach, design, and bricolage theories. 

Within the discussion of experiments and processes of making, Chapter Four, the ontological 

and aesthetic considerations underpin the approach to making and analysis of creative 

works and artefacts. This gradually builds on the contextual, theoretical and methodological 

understandings, to draw together a cohesive dialogue and examination of the nature of 

cloth, and the conditions of this experience. The findings, conclusions, and future research 

areas are discussed in Chapter Five.
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Chapter Two 
Contextual Discussion
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 Introduction to Contextual Discussion

This thesis explores a trajectory from materiality to immateriality, reflecting the hybrid 

origins of artefacts that are mixed reality creations.  The research is foregrounded by a 

particular fashion designer’s approach that is highlighted through a recursive material 

engagement with physical, digital, and virtual interfaces. This chapter outlines the key areas 

that contextually underpin and inform this body of research, and traces the relationships 

between them. The research occupies an interdisciplinary space, entwining specific theoretical 

concepts with material explorations into contexts of digital media and virtuality.  Drawing 

from cultural and philosophical framings that locate the position of digital media, the 

research also involves the creation of artefacts as material assemblages that communicate 

their mixed materiality origins. This extends from recent considerations of digital media 

and digital cultures as embedded in everyday life. The term ‘digital media’ is used within 

this thesis to describe work that is digitally encoded, generated, digitally based, or digitally 

presented.  New digital media are “no longer considered as ‘out there’ but rather as being 

‘here and amongst us’ ” (van den Boomen, 2009, p. 9). 

Theoretical discourse in the 1990’s framed the emergence of digital technologies and by 

association new media as evidence of a shift from the material to the immaterial (van den 

Boomen, 2009, p. 8). This was seen as a paradigm shift from constraints of materialism to 

one where matter no longer mattered, a disembodied cyberspace that was “the new home 

of Mind [capitalization in original] ” (Barlow, 1996). This signalled a dichotic move from the 

world of atoms to the world of bits (Dyson, Gilder, Keyworth, & Toffler, 1996; Ishii & Ullmer, 

1997; Negroponte, 1995). Mark Weiser (1991) predicted a future of ubiquitous computing, 

one in which computing might be seamlessly integrated into the world, describing the most 

profound technologies as being those that disappear. Instead, they weave themselves into 

the fabric of everyday life until they are indistinguishable from it. Subsequently this laid a 

foundation for the notion of a ‘material turn’ (Robles & Wiberg, 2010, 2011) that recognised 

the material nature of the digital.  Within digital media research, the new materialist 

paradigm is part of a broader movement which emphasises the relevance of technological 

materiality, an approach defined by the ‘neo-materiality’ that emerged within digital media 

and design contexts (Reichert & Richterich, 2015).  Over the past 10 years there has been a 

growing reconsideration of digital materiality.  Sarah Pink (2016) describes a ‘sensory turn’ 

in scholarship, where ideas of embodiment and sensory engagement are acknowledged 

and emphasised.

Thus the concept of technological materiality has shifted from the notion of disembodiment, 

moving through a state of digital materiality and embodied fleshy devices (Haraway, 

1991), to a new state of hybrid materiality that is the work of mediation  (Hansen, 

2006).  This idea of a networked world, one where an undercurrent of digital prevails 

as a precondition of our experience, has been termed ‘postdigital.’ This term describes 

a world that has been “reformulated by the digital moment, and where a digital 

mindset is inextricably entangled with our existence, whether or not the digital 

technology is actually present” (Openshaw, 2015, p. 5). This concept of postdigital 

recognizes that relationships between signifier and signified, human and machine, 

physical and virtual, have been altered through processes and procedural information.  

Crucially, this historic and technological shift has informed a 'New Aesthetic' and a new 

type of artefact. James Bridle with his platform New Aesthetic Tumblr, first coined the term, 

which gave a name to the collectively emerging visual imagery influenced by and presented 

on digital media. This social networking service is now in use worldwide, and used to 

collect imagery and generate discussion about how and what visual information is collected, 

processed and consumed.  Bridle summarised his concept as “an eruption of the digital into 

the physical” (Wiles, 2012, para. 5). Matt Jones described the 'New Aesthetic' as “sensor 

vernacular” and “an aesthetic born of the grain of seeing/computation. Of computer-vision, 

of 3D-printing; of optimised, algorithmic sensor sweeps and compression artefacts” (Jones, 

2011, para. 9).   The aesthetics of the 'New Aesthetic' can be seen as filtered through the 

screen, flattened, juxtaposed, pixelated, hyperreal (Openshaw, 2015). As we move into a 

future where it’s proposed that “all matter has mutated” (Allahyari & Rourke, 2015, para. 

9) this can be seen as a enmeshed materiality. There is a sense of a movement from inert, 

lifeless technologies to a gradual awakening of matter, the emergence, ultimately, of a 

new form of life (Greenspan & Livingston, 2015).  This is highlighted through a dialogical 

engagement between users, viewers, software and programs within these new platforms 

and technologies, as the content responds to use and community and the platforms evolve 

to encompass new uses.  Increasingly the connection with digital media is recursive, it 

shapes us and is shaped by us. 
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This project draws from these new considerations and positioning of self and matter, and 

creates linkages through material engagement with physical, digital and virtual processes. 

This practice questions and seeks to deepen understanding of the entwinements of these 

states, through creative iterations that provoke engagement from one to another. The 

researcher’s background as a materialist sparks a tactile strategy, an approach of intervening 

through haptic engagement. Trend forecaster Li Edelkoort predicted that “super technology 

is going to ask for super tactility" (Etherington, 2012, para. 1) This view is echoed in this 

practice-led research highlighting conceptual engagement with the matter of digital, and 

metaphorically seeking to touch the digital and virtual.  

Key areas of reading have considered approaches through theory, philosophy and making 

that contribute to understanding, thinking in and through material across the processes 

of physical, digital and virtual. Deleuze’s concept of the fold inevitably weaves its way 

through the discussion, tracing the cloth as it unfolds ontologically across states from actual 

to virtual. The fold, in Deleuze’s conception “is a textured philosophical fabrication. It has a 

palpable quality, a material culture, a tissuelike texture” (Bruno, 2003, p. 115). A connection 

is recognized between Deleuze’s concept and the screenlessness of material once it becomes 

virtual, as Deleuze describes the fold as ”drapery, producing folds of air or heavy clouds; 

a tablecloth, with maritime or fluvial folds: jewelry that burns with folds of fire; vegetable, 

mushrooms or sugared fruits caught in their earthly folds […] Matter tends to flow out of 

the frame" (Deleuze, 1993, pp. 122–123).

The discussion of the literature is organised across three corresponding sections: Material:  

Being Physical; In-material: Being Digital; and Immaterial: Being Virtual. The first section 

Material: Being Physical, discusses physical processes and associated cultures of production 

and mediation including the body itself, cloth and constructs of fashion, agency and 

embodiment. This section considers the field of fashion and clothing as a background to 

this project, signalling a perspective of material engagement, and the impetus drawn from 

textile and fashion practices of making and use. 

The next section In-Material: Being Digital, borrows its paraphrasing from van den Boomen 

(2009), who describes digital materiality as not being  “ ‘im/material’ but rather as ‘in-material’ 

[…] as stuff which may defy physical contact yet which is incorporated in materiality” (2009, 

p. 9). This section includes a contextual analysis and review of digital artefacts and pivotal 

digital theories. Emphasised in the discussion is the particular aesthetic and conceptual 

transferences embedded within the digital, such as morphing, file corrupting, glitching, 

cut ‘n’ pasting, and hacking, which as mechanisms of transformation, are critical to the 

methodology of this project.

The final section, Immaterial: Being Virtual weaves together the intangibility of three-

dimensionality into the design process and its addition to the conceptual framing of the 

project. Working within the Motion Capture Lab space allowed for whole body interaction 

and activation within a 3D environment. This particular site of interaction, and the associated 

processes of connection and translation between researcher, performer, technician, and 

software have impacted the methodological approach to the research. ‘Virtuality’ signifies 

the state of being virtual, virtual environments, and the configuration of things within this 

space as being temporal and multidimensional. 

While presented here as discrete categories, these sections however are fluid and intersecting, 

seeping into each other. This creative practice operates within these nexus points, with the 

actions of making involving a shift from one state to another. The documentation in this thesis 

follows this rhizomic discourse, a non-hierarchical ‘image of thought’ (Deleuze & Guattari, 

1988) which is difficult to assign into the categorical chapters of a thesis. The experiments 

result from the oscillation and interplay between states: the transference from physical to 

digital; physical surfaces that become 3D textures; pixels that are draped and folded as if 

they were fabric; and making tactile virtual imagery.

Bridging each section are discussions of the fluid zones in-between the states of physical, 

digital and physical, but rather than being seen as sub-sections, these areas are the nexus 

between states and textual interface.  This thesis is about cloth, materiality, tactility, 

haptic touch, the body, virtual spaces and digital programs. It is about all of these things 

simultaneously, and particularly the points of intersection between them. This research is 

about the enmeshed new states of being multimodal, it is about thresholds and the mediation 

between different realities. Thus the project is ontological. Interface objects are discussed, 

in particular, screens, surfaces, and fashion itself, but the real emphasis is on the processes, 

activity and constitution of interfaces. The discussion hopes to tease out the new perceptual 
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and sensorial realities that are the effects of interface and bring about liminal transformations 

in material state. Alexander Galloway describes that not only are interfaces themselves 

effects, the consequence of other actions, but at the same time  “interfaces are themselves 

the effects of other things, and thus tell the story of the larger forces that engender them” 

(Galloway, 2012, p. vii). 

The creative explorations in this project have emerged responsively and intersect thinking 

in and through the theory, concepts, materials and processes. This work has been prompted 

by enmeshed and interwoven conceptual and philosophical framings through practical 

experiments. This process is discussed in more detail at the end of this overview of the key 

literature and within the methodology section, as the practical work engages with the theory 

and literature across differing levels of the realms of physical, digital and virtual. 

The central object within this research is cloth. Cloth is observed as it intersects with the body 

and becomes surface.  These integral forms enact and operate within registers of physical, 

virtual and digital convergence, and are explicit within the thresholds, the spaces in-between 

these registers.  The contextual review discusses artistic exemplars and theoretical examples 

and considers the transference of the cloth from physical, to digital, to virtual form. Two 

key framings are posed throughout which attempt to draw out distinctions, to answer the 

key research questions. The first is an ontological framing asking, what then, is the nature 

of this cloth through these various modalities? The second is a framing of aesthetics, asking 

what are the conditions of this experience? The thesis investigates the understanding of the 

cloth as it unfolds across different states, observing what is lost or gained in this transference 

and what characteristics of the cloth are essential to its being. Deleuze and Guattari (1988) 

viewed aesthetics as involving the determination of real conditions that are no wider than the 

experience itself, that are, indiscernible from this experience. Aesthetics then, is “inseparable 

from ontology, because experience is, for Deleuze and Guattari, irreducibly real” (Zepke, 

2014, p. 3). This coupling of ontological and aesthetic questioning follows the philosophical 

unfolding of the cloth across states, and links the summary of each section.

Material: Being Physical 

Introduction to Material: Being Physical

The rising emergence of cultures of digital and virtual representation have prompted a 

crucial re-examination of the significance of the role of the body in culture, in particular 

the significance of the hand in making (Pajaczkowska, 2010). This chapter begins with a 

discussion of the entwinement of human and surface as the interface between self and 

environment. This discussion addresses how we navigate, augment, construct, perceive and 

consider these interfacial spaces. Materiality and material engagement beginning with the 

body, extending to notions of self and surface, clothing and fashion, and the position of the 

human in technology are also discussed. Within this project, ideas and concepts are either 

initiated or responded to with the hand through acts of making. This heuristic process was 

described in my Master of Philosophy thesis (Smitheram, 2013) as ‘thinking out loud with 

my fingers’, and so it seems fitting to begin this contextual discussion with the idea of being 

physical, as haptic and tactile notions of engagement frame this further research.

Designers are informed by spatial and visual aesthetics, and stimuli, using dimensions such 

as colour, proportion, form and contrast to encode information (van Erp, 2006). However, 

fashion and textile designers are equally informed and guided by analogous tactile, corporeal 

and haptic stimuli through engagement with materials.  Aptly the term haptic can be defined 

in two very different ways, both of which have relevance to this project. Firstly, haptic can 

be described as the sensory relationship between optical and tactile. Secondly, haptic can 

be seen as the production through software of an ‘illusion of real’ as a series of embodied 

actions.  This definition has a particular significance in relation to working virtually with 

simulations and representation of the ‘real’, and seeking authenticity of motion into what 

could otherwise be ‘uncanny’ (this will be discussed further on p. 86, in a discussion of 

Virtual to Physical).

The designer’s tactile and haptic approaches are critical to this project and frame a level of 

interaction within the digital and virtual using multiple sensory channels. Mädälina Diaconu 

(2006) recognises that modern aesthetics have regarded sight and hearing as the only senses 

that are able to produce art. Diaconu argues that artistic movements and recent changes in 
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everyday life necessitate extending aesthetic theory to objects created through the use of 

all senses. It can be contended that other stimuli of the material practitioner such as touch 

inform more than just as a synaesthetic response. By actively utilising these senses within a 

virtual and digital design approach they are elevated beyond being ‘secondary’ senses, as 

they inform and construct the resulting aesthetics. A fashion and textile designer therefore 

designs with their hand and eye, incorporating somatosensory responses in reacting to 

the touch, pressure and contact of cloth. This incorporates a kinaesthetic response and 

awareness of the body and movement within the cloth. This experiential knowledge relies 

on sensorial information that is situated, subjective and often implicit, evading more explicit 

interpretations (Groth & Mäkelä, 2016).  Within a Design Research context, tacit knowledge is 

often identified as being a pivotal grounding that informs design process (Cross, 1982; Eckert 

& Stacey, 2001; Pajaczkowska, 2010). Within this distinctive context of virtual and digital 

modes of production, a re-examination of the impact of embedded tacit and experiential 

knowledge in constructing mixed reality aesthetics is investigated.

The consuming body 

The surface of the body has long been augmented; by being covered, decorated, embellished, 

concealed, protected and enhanced by material fabrications. Through industrialization, 

mass manufacturing has led to wide and seemingly infinite consumer choices with which 

to clothe one’s self. This proliferation of clothing and excess in consumption and has led to 

differing value of care placed upon garments. Research by Kate Fletcher (2010, 2012; Fletcher 

& Grose, 2012) and Alison Gwilt (2014; Gwilt & Rissanen, 2012) emphasise the change in 

our relationship with clothing from an intimate connection of use, care, and repair to one 

of use, discard and replace. 

Earlier research conducted during my Master of Philosophy candidature traced fashion’s 

unsustainability through the pathways of globalisation and consumption (Smitheram, 2013). 

A key concept from this earlier inquiry that connects to this current research is the notion 

of the ‘consuming body’ (Attfield, 2000). As a mechanism, consumption can be seen, not 

only as markets and economic actors but also “as cultural processes that construct identity” 

(Hansen, 2004, p. 273). Both the processes of consuming and fashion itself construct identity, 

with identities defined by our surfaces. Of course, once consumed, a thing might appear 

lost and ephemeral, but most western consumption produces new material forms as waste. 

Fry contends that waste is un-erasable (Fry & Willis, 1996) and consumption then needs 

to be rethought, not as a loss of materiality, but rather an opportunity to move beyond 

objectification. 

Baudrillard describes fashion’s integral ambiguity and the ephemeral nature of clothes 

that obscure the body, continually adjusting to reality, but always remaining an enigma 

(Baudrillard, 1990). This implicit ephemerality is exemplified in macroscopic and microscopic 

ways; through global fads and trends that seep across borders and can define an era, to the 

transience of a cheaply made garment, which literally comes apart at the seams.

Clothing as an artefact has an intimate relationship to the body, being what Turner (1980) 

coined as our ‘social skin’. Clothing is always altered by the body: it stains, tears, wears, 

softens, rips, fades and develops both an impression and a patina that reflects its use. In 

changing, it can take on something of the corporeality of its wearer. Anthropologist Daniel 

Miller (2005) describes the body to surface relationship as cloth yielding to humanity. More 

than just a response to environment, wear, and care; a garment can also carry subtle encoded 

information that reflects the physicality of its wearer. Seams strained at the right shoulder of a 

shirt, revealing the daily functions of a right-handed office worker. Permanent creases striate 

the often-rolled up sleeves of someone who works with their hands. A frayed collar betrays 

a much loved and laundered shirt. Ripples pool in the silk lap of someone who sits often. 

Küchler and Miller describe the physicality of this interaction, "a sewn cloth anticipates, 

acknowledges, constitutes, recalls and memorializes relationships; just as genealogy traces 

the threads of connection" (Küchler & Miller, 2005, p. 15). Even when uninhabited, clothing 

is ‘haunted’ by the resonant body, endlessly echoing the corporeality of the flesh it encases.

The short film An impossible wardrobe for the invisible by Lara Torres (2011) illuminates the 

temporality of clothes in a series of vignettes. The clothes are constructed from a water-

soluble material and slowly dissolve on the wearer, leaving minimal trace of their existence 

with only seams remaining. They refer to the loss of the object and the documentation of this 

loss. This allows the viewer a fleeting glimpse at the ephemerality of fashion bought to life. 

This temporal existence hints at the vulnerability of the body. In dissolving, the garments 

meld to the body. Tilda Swinton speaks about her collaborative experiential performance 
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piece, Pitti 87 Cloakroom, commenting that “we are very often, more ephemeral than the 

clothes” (Fashion Channel Milano, 2015), in reference to the traditions and intimacy of 

heritage clothing passed down through generations and surviving after we have gone. 

Whilst this acknowledges that clothing can sometimes be more enduring than the body it 

encases, the impression and patina of the body that is embedded within garments describes 

a delicate transference between the discrete states of body and surface. The body enacts 

upon the garment: staining, absorbing, tearing, wearing away, and perishing. The garment 

responds to the body: crumpling, creasing, wrinkling, flowing, draping, and clinging.

There is a third force in the body/covering relationship; the environment, which enacts 

upon the body compelling the need for encasing the form.  Loschek (2009) delineates 

clothes as a third space between the self and the environment. Comparing clothing to the 

character of encasing space with architecture, Loschek argues that the human body can be 

seen as spatial form, with skin representing the demarcation line between the inside and 

the outside. “Clothing then becomes an extension of this corporal space boundary and 

the interface between a person's corporal space boundary and the external space of the 

environment” (Loschek, 2009, p. 17). Within this thesis, the relationship of clothing to the 

body is re-examined.

Embodiment– The Body and Surface 

The need to clothe and augment our naked selves reaches back across history, illuminating 

our human vulnerability. These soft shells are not unlike carapace, which we use to protect, 

to disguise, to signify, and to represent ourselves. The relationship is symbiotic. Clothing 

is often characterized as a ‘second skin’ and frequently described as such within fashion 

literature (Breward & Evans, 2005; Steele, 1997; Woodward, 2007). However, the concept 

of this reciprocal connection has been discussed in greater depth within sociology and 

cultural studies. In particular, the edited text Skin, Culture and Psychoanalysis (Cavanagh, 

Failler, & Hurst, 2013) recognizes cloth as interface, a vulnerable space delineating the self 

from the world. Locating the skin itself at the centre of the inquiry, the collection of essays 

hypothesises skin as a cultural object. Cloth, like skin, forms an interstitial surface that is 

constitutive of the subject in culture (North, 2013). This suggests that as clothing, fashion 

and textiles are fundamental to the skin as part of what defines ego, they are relevant to 

theorizing embodiment.  With clothing and skin as surface and covering being so interfaced, 

the feedback onto the skin of the characteristics, perceptions and lessons of clothes is 

emphasised (North, 2013). Thus, the relationship between environment, cloth and body is 

mutually informative. Concepts of embodiment underscore this research and the approach 

to the project. The research produces outcomes that are allegorical, they are artworks that 

are dress-like, cloth-like, yet neither, and they suggest the body, yet the body is absent.  

They embody notions of mediation between distinct states of physical and technological 

negotiations.

Embodiment – The Body and Technology

This section discusses the influence of the body on technology, and vice versa. The project 

considers the relationship of the body within the digital and virtual, and this section outlines 

existing arguments and key debates within digital theory that have relevance to this project.  

The human body has always been a prosthetic body. Our limbs manipulate implements 

and utensils. We have become creatures that construct tools, artefacts and machines. We’ve 

always been augmented by our instruments and by our technologies (Kember & Zylinska, 

2012).  Hands clutch at tools, which we adapt to serve us. This connection is haptic, a 

sensory relationship between what we see and what we touch, and initiated by a series 

of embodied actions. Donna Haraway, who first alerted us to the body as cyborg (1991) 

explained “technology is not neutral. We’re inside of what we make, and it’s inside us. 

We’re living in a world of connections- and it matters which ones get made and unmade” 

(Kunzru, 1997). 

Stiegler (1998, pp. 21–22) clarifies that the division originally made by philosophy between 

technê and epistêmê has become problematic since the Industrial Revolution. Stemming 

from Greek Philosophy, epistêmê is the Greek word most often translated as knowledge, 

while technê is translated as either craft or art. Stiegler expands that “confronted with this 

modernity, thinkers of technics as different as Simondon, Heidegger, and Gille express, each 
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in his own idiom, a concern that they all share: that of envisaging a new relation between the 

human and technics” (Stiegler, 1998, p. 22). A number of digital media theorists have drawn 

from these earlier (pre-digital) ideas to articulate and understand what is our increasingly 

networked and mediated body. Technology is what constructs our humanity, with a trajectory 

that has propelled human achievements and developments. As the artist Stelarc puts it, 

“we’ve been simultaneously zombies and cyborgs; we’ve never really had a mind of our 

own and we’ve never been purely biological entities” (Chatzichristodoulou, Jefferies, & 

Zerihan, 2016, p. 18). This critical cybernetic perspective centralises the human body as 

having always been technological, and having always been mediated. Joanna Zylinka and 

Sarah Kember (2012) argue that as a result of this intermediation “technology and media 

are precisely what makes us human” (p. 194).

Mark Hansen (2006) examines the phenomenology of the body, deconstructing the theories 

of philosopher Maurice Merleau-Ponty.  Merleau-Ponty’s ontology of the flesh centralizes 

a fundamental indifference between body and world, one which requires a ‘technics’, that 

Bernard Stiegler (1998) described as the ‘originary technicity’ of the body. This articulates 

that technology is comprehended “as an originary condition of our being in the world, not 

just an external object we all learn to manipulate for our advantage and benefit” (Kember 

& Zylinska, 2012, p. 193).  These arguments from Hansen, Stiegler, Haraway, and Kember 

& Zylinka oppose the division between technology and body, claiming a networked self 

that integrates technology and advances through optimising embodied actions. Within 

this project this idea surfaces through centralising the body in Motion Capture and 3D 

experiments, and using the unseen agency of the body to activate motion, data, and cloth 

within virtual environments.

In considering the visual implications of artistic interaction with digital technologies, Anna 

Munster (2006) opposes the widespread Cartesian aesthetic that aligns the digital with the 

disembodied, the formless, and the placeless. Munster discusses the materialization of digital 

culture through examples of its aesthetics that have reconfigured bodily experience and 

reconceived materiality. Questioning new perceptions arising from artistic experimentation 

in body-computer interfaces, Munster observes that corporeal interaction provokes a new 

kind of digital art and digital culture which requires a reconsideration of the roles of both 

body and affect in their relationship to the virtual and abstract codes of information. Munster 

notes that digital modes of image production are no less kinaesthetic simply because they are 

conveyed through coded terrain, claiming this as an embodied experience. She concedes that 

they do, however, “constitute a deterritorialization of the bodily movements often thought 

to mark the surface or material of art practice” (Munster, 2006, p. 158). John Roberts argues 

that while the artist’s hand has been displaced, technologies and prostheses also extend the 

reach of artists, “in operating in the space opened up by the crisis of handcraft, the hand is 

released from expressive mimeticism to find new forms of dexterity and facility” (Roberts, 

2007, p. 98).  Whilst there is a decontextualization of the conventional artist's hand within 

digital media, perhaps within the ‘mark making’ that results from artwork that links physical 

and digital making, a reconfigured residue of the hand can be seen. Mark marking within 

art practices involves gestural movements of the hand to create line and form, this is a 

process that is individualised by each artist's hand. The marks are generated by the weight, 

pressure, rhythm and pace revealing a unique cadence and intonation of the instrument 

applied to surface. 

In a discussion of a new materialized digital culture arising from human-computer 

interaction, Munster (2006) builds on Marshall McLuhan’s seminal theory that “the medium 

is the message” (McLuhan, 1964, p. 9). McLuhan observed that the form of a medium is 

embedded within the message, indicating a symbiotic relationship in which the medium 

influences how the message is perceived.  This conceptual reframing suggests something 

of the dialogue that material carries, becoming informational. McLuhan’s theories, while 

contested in some respects (Coupland, 2010; Eco, 1986; Winston, 1986), continue to underpin 

emerging discourse around mediation and hybridity.  

Whilst Kember and Zylinka declare a new ‘networked self’ and Munster identifies that we 

can experience embodied experiences with technology as mediated prostheses, Hansen’s 

theories shift past the symbiotic relationship humans have always had with technology 

and media, to point out that technology has always been inseparable to the body, and in 

particular that advances in virtual reality are making this merge visible. Within this thesis 

the interfaces between body, technology, and environment are highlighted, raising questions 

about mediation and connection.
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Embodiment- Tactility and Haptics

The relationship between the body and technology becomes increasingly synergetic when the 

technology is digital and virtual, as a particular feedback loop is intrinsic within programme,

interface and user.  Martin Heidegger used the ancient Greek term poïesis to describe a 

kindof ‘bringing-forth’ or emergence that occurs during threshold moments, a moment when 

something moves away from its defined thing to become another.  The related idea of technē 

(of 'an art' or 'trade') for the Greeks meant 'to cause to appear,' and poïesis ‘to produce into 

presence'. Poïesis essentially characterises technē, as production in its totality (Whitehead, 

2003). Donna Haraway talks about the move away from autopoietic (self-producing) 

systems to emphasise sympoiesis. She describes ‘collectively–producing systems’, that 

are evolutionary and symbiotic, with information and control distributed amongst many 

components, and no spatial or temporal boundaries (Aura, Aarhus University, 2014). Whilst 

Haraway uses the term sympoiesis to describe interdependency of the biological world, the 

term offers a systems thinking approach to understanding the complex and amorphous 

interface in between digital-virtual technologies and the body. As they cannot be identified 

by boundaries, sympoietic systems must be identified by the self-organising factors involved 

in their production. This discussion is admittedly brief due to the constraints of space within 

this interdisciplinary thesis. A fuller discussion of sympoietic systems can be read in Beth 

Dempster's chapter, Sympoietic and Autopoietic Systems: a new distinction for self-organizing 

systems (2000).

These concepts and terms have relevance in understanding what transpires in bringing 

something from one state to another, and what (tools, processes, procedures) provoke or coax 

this shift from liminal to a transmuted thing. Just as the relationship between body, clothing 

and environment is mutually informative, each one impressing upon and influencing the 

other, so too is the relationship between physical, digital and virtual realms dynamic and 

symbiotic. Munster (2006) argues that new media, materiality, perception, and artistic 

practices mutually constitute “information aesthetics”. She claims a networked aesthetic 

resulting from new modes of sensory engagement in which distributed spaces and temporal 

variation play pivotal roles cued from the definition of sympoiesis. It is useful to extrapolate 

the self-organising elements involved in the generation of artistic ‘mixed reality’ artefacts. 

Chris Salter (2009) describes a tactile and haptic quality revealed within this production of

Figure 1. Schiaparelli, Jupe reversible, 

vers 1953 Collection Galleria

Tactility can be seen within this context as a nexus that connects the divide between body and 

world. The gestures and acts of embodiment that carry over into the production of mediated 

creative artefacts revealing something of the human within the machine. Tactility is always 

implied when considering cloth, raising the question of whether the associated gestures of 

the interactions used to gauge and embody cloth carry over as residual properties when the 

cloth is ‘recontextualized’ by being motion captured and rendered in virtual form.  

Significant examples of tactility and gestural embodiment can be seen throughout the 

performance art pieces documented in Impossible Wardrobes (Swinton & Saillard, 2015). 

The actress Tilda Swinton makes the kinaesthetic visual, palpable and tangible through a 

series of performances that bring clothing to life.  In the titular piece 

The Impossible Wardrobe (2012), Swinton walks down a runway with a 

selection of historically and culturally significant garments from the 

archives of Paris’s Musée Galliera.  Swinton’s alabaster skin is wrapped 

in a white muslin coat and white museum gloves, she becomes a blank 

canvas, enlivened by the garments which she presents one at a time 

to the audience. Carefully she handles vintage couture garments from 

Fortuny, Dior, Schiaparelli and others, creating a kind of dialogue with 

the former owner of each garment by using specific gestures to bring 

the garment to life. The gestures were planned with the assistance of 

model Axelle Doué, who explained, “the clothes told me what I have to 

do, without the gesture, a coat or shoes or a dress cannot live” (Wilson, 

2012). A bold skirt in iconic Schiaparelli pink is presented on Swinton’s 

arm, defiant and like a red flag to a bull (figure 1). 

new mediation, that hints at the threshold movement of poïesis: 

Artistic interventions that reveal hidden patterns in data, birth half-living organisms 

that are neither natural nor cultural, build machines that exhibit mysterious tenden-

cies or amplify the behaviour of phenomena under our perpetual radar, are exploring 

the processual structures and material actions of technical presences and their milieus 

in an effort to make machine dynamics tangible and felt to spectators, audiences and 

participants. (Salter, 2009, p. 29)
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Beseechingly she holds out a navy coat embroidered with gold military filigree, which 

belonged to Napoleon Bonaparte, her arms outstretched as if to reject it (figure 2).

This performance work illustrates some of the intangible qualities operating in the dynamic 

of body and clothing, revealing through gesture and touch the sensory engagement present 

and implicit within this association. Whilst this exemplar demonstrates that narrative can be 

conveyed through tactile performativity, it also reminds us that clothing itself can display 

‘lifeness’, in its response both to the body and from the body’s sensory response to it. 

This example provides evidence of the language of the clothing, 

affording context to the performative and gestural movements of 

cloth in motion capture (mocap) in this thesis.  The gestures within 

this performance are nuanced and precise, delivering narrative 

through motion, and relating to specific stories of embodiment.  

This performance can be seen to represent semiotics in action. 

The language of the cloth is given voice by Swinton’s movement, 

gesture, and expression. Swinton uses her performance to convey 

historical narratives of the original wearer of the garment; this 

shows specific and subjective conjecture of its history and use.  The 

inferences are gleaned from both personal histories and the cloth’s 

story, as the fall, crease, and slump of garments reflects their wear. 

“She held a pair of silk stockings as if they were entrails. She carried two Chanel 

tweed suits still on their hangers, a jacket, a blouse and a skirt against each of her 

sides, creating the impression of a bustle skirt” (Wilson, 2012).

Figure 2. Sans griffe, Veste d'apparat de 

Napoleon, 1805-1815 Collection Galleria

Agency 

In speaking of agency, the directions and intentions of the body enacting upon things are 

accentuated. In the earlier discussion of the body and physicality, clothing is identified as 

paradoxical, it is both necessary and ephemeral, it becomes representative of our desires, 

the forming of identity revealing our consuming selves.  Clothing is both extension and 

augmentation. This contextual relationship between the stratus of body, clothing and 

environment is dynamic and reveals cloth yielding to humanity. This raises a question 

that is central to this inquiry:  Is there a similar relationship between the body, virtual 

environments, and digital software?

Within computer programming, agency is generally thought of as what distinguishes us 

from computers or robots, as they cannot be held responsible for their actions, although 

their programmer can. David Roden (2014) discusses the agency of computers, raising 

the immanency of what he describes as functionally autonomous systems.  He points out 

that we think of science as self-augmenting as there is a “tendency for techniques to have 

a multiplicative effect on the development of other techniques in adjoining or separate 

domains” (2014, p. 155). This describes the way that code and platform have agency in 

design processes, and thus become ‘material’ (Galloway, 2012; Kember & Zylinska, 2012; 

Parikka, 2012). 

Working with digital design software and 3D programs influences human agency, as the 

interfaces of digital come loaded with preconfigured options for the user.  Software has 

been described as an invisible, written, technical substrate which “intervenes in nearly 

every aspect of everyday life and has become part of the taken for granted” (Thrift, 2005, p. 

240). Thrift elaborates that software is not just an intermediary, but is an agent of material 

complexification, with a theoretical background that is “often sunk into the interstices of the 

code itself” (2005, p. 244). This means the designer has to adapt and incorporate prescriptive 

functionality that is programmed, and dictates choice, contrasted with what is ‘hackable’ or 

able to be exploited within the pre-programmed functions. Lehmann (2012) describes the 

hand itself as reprogrammed by the inbuilt functions, directing the computer to do what the 

physical body cannot. In a sense, the software and program is an extension of human agency. 

Emerging posthuman arguments continue to raise questions about non-human agency.   
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Contemporary philosopher Bruno Latour (2005) argues that objects are actually actors with 

agency. Speaking directly of artefacts or objects that are the product of mediation, of human-

computer interaction (HCI), the idea of agency as strictly a human function is re-evaluated. 

  

Within the practices of making in this thesis, the motion capture space is the ‘stage’ upon 

which the actor performs and enacts. What is created within the Motion Capture Lab relies 

on the relationship and connection between the researcher, the performer, the technician, 

and the software itself. The human agency within this space is prescribed however, by the 

non-human agency of technical apparatus and software functionality. This environment 

provides a unique opportunity to engage hapticly and heuristically and with full-bodied 

interaction within a virtual 3D space, that is simultaneously a physical space. 

Cloth and Materiality 

Within this research, cloth as a surface is the apparatus used as interface, linking the physical 

body and digital/virtual engagement. Fashion theorist Ingrid Loschek (2009) explains that 

ultimately clothing itself consists of a transformation “from a one-dimensional thread via a 

two-dimensional piece of cloth to a three-dimensional covering” (2009, p. 67). Cloth and its 

intrinsic properties, processes and behaviours are considered as the essentialised basis within 

the sympoietic interaction of a physical/digital/virtual interaction. Sensory engagement 

through haptics and tactility are identified as a tool within this system, and cloth itself as a 

constituting factor. Engaging with the micro components and properties of the individual 

elements contributes to the understanding of the whole as self-organizing system. 

The project ‘follows the materials’, in particular, the cloth, into new realms. Following the 

cloth into new iterations of digital representation and virtual simulation requires remediation 

and is both hindered and informed by the unique actions associated with cloth and making. 

What this means and the aesthetic this creates is vital to understanding the new material 

entities that are created through this union. Petra Lange–Berndt asks, “what does it mean to 

give agency to the material, to follow the material, and to act with the material?” (2015, p. 

13). Modernist artist Brâncuși argued that the importance that different media have in unique 

material natures, “you cannot make what you want to make, but what the material permits 

you to make. That is, we must not try to make materials speak our language, we must go 

with them to the point where others will understand their language" (Brancusi, interviewed 

by Dudley, 1927, p. 124).  This describes a methodology of engaging with the essential 

nature of things, of discovering their intrinsic fundamental characteristics, what Heidegger 

described as the ‘thingness of the thing’ (Heidegger, 1971). In refining the broad concept 

of what constitutes the ‘thingness of things’, Heidegger focused on three interpretations: 

Things as substances with properties; Things as the manifold of sense perceptions; and 

Things as formed matter. Heidegger’s interpretation is often referred to in philosophical 

contemplation of artefact, in analysing the essence of things. Within this research practice, the 

ontology of the cloth is unfolded through its transfer of states revealing its material nature. 

This engagement of working practically with the materials could offer an intrinsic procedure 

of discovery rather than a typical approach focused on the abstract analysis of things already 

made. Anthropologist Tim Ingold (2007b) cautions against speaking of the materiality of 

objects rather than the materials and their properties, noting that “the concept of materiality, 

whatever it might mean, has become a real obstacle to sensible enquiry into materials, 

their transformations and affordances”(2007b, p. 3). This position stands in contrast to the 

performative exploration of the materiality, the ‘worn-ness’ of garments outlined earlier 

during discussion of Impossible Wardrobes (Swinton & Saillard, 2015). In arguing for 

emphasis on matter and materials rather than materiality, Ingold cautions that by taking 

an object as a starting point, we ignore the transmutations and fluxes of materials that 

crystallised into the object. Teasing out the materials themselves can perhaps elicit emotional 

expression through material engagement, signalling the artist’s need to connect through 

the materials and “acquire experiential knowledge of materials beyond pragmatism” 

(Townsend & Niedderer, 2016).  Within this thesis, an approach is emphasised that reconciles 

both the material and the performativity of the materials. The linkage of ontological and 

aesthetic frameworks places equal value on perceptual and sensorial experience of the cloth.

Observation of historical work of visual artists who explore the materiality of cloth through 

sculptural forms and working drawings contributed to an understanding of the analogue
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Figure 3.  Hans Brosamer,Study of a Pleated Skirt, about 1530 - 1540, The J. Paul Getty Museum, Los Angeles

properties of drape and the material of cloth in suspension. This has relevance to forming 

an approach to interaction with cloth in the digital and virtual.

 The exhibition Art of The Fold: Drawings of Drapery and Costume (2016) held at The J. Paul Getty 

Museum in Los Angeles explored how artists have used studies of costume and drapery as 

much more than representations of cloth. The expressive potential of cloth has historically 

been employed in painting and artworks to evoke and convey emotion and narrative 

through nuances of material behaviour.  Figure 3 depicts a crosshatched pen and ink study 

by Hans Brosamer, which illustrates awareness of the body through its surprising absence. 

The pleated drapery is arranged, indicating that Brosamer probably drew it from the actual 

article of clothing. The fullness of the cloth is supressed and gathers at the top, suggesting 

a waist, and flares to the bottom, appearing to represent a woman’s skirt. The two sides lift 

up, evoking the gesture of a curtsey or a woman gathering her skirts. Brosamer treated the 

individual pieces of drapery as self-contained forms, illustrating his skill in examining the 

gestural quality of complex folds of cloth. With a closely hatched style, Brosamer described 

not only the intricate patterns of the folds but also construction features such as the skirt's 

seam (Study of a Hanging Drapery, 2015).

Art historian Ann-Sophie Lehmann draws attention to the emotive composition of another 

study from this exhibition in a blog post for the Getty museum.  Discussing Studies of Christ’s 

loincloth (figure 4), she observes that while the meticulous iterations of the anatomy of folds 

and creases is beautiful and intriguing, back then such a drawing was mainly valued for its 

workshop purpose: it provided a variety of renderings of Christ’s loincloth that the artist 

and his assistants could consult later when executing paintings and stained glass panels. 

Despite its utilitarian purpose, the cloth is imbued with some of the mystery of the story it 

tells, as “this elaborate, fluttering loincloth can also be seen as a symbol of Christ’s imminent 

resurrection: while he hangs dead, the cloth shows signs of life, and prefigures what is to 

come. Whether the loincloth depicted in this sheet stands in for resurrection is hard to tell, 

but it certainly is notable for its lively and vibrant portrayal” (Lehmann, 2015, para. 5). 

The perception of these works can be related to Deleuze’s book The Fold (1993). Deleuze 

asserts that the experience of the Baroque entails that of the fold. The Baroque, he explains, 

refers not to an essence “but rather to an operative function. It endlessly produces folds” 

(1993, p. 3). Deleuze points to the concept of the fold orientating also with Eastern, Greek, 
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Figure 4. Master of the Coburg Roundels. Studies of Christ's Loincloth (recto) about 1490. The J. Paul Getty Museum, Los Angeles

Roman, Gothic, and Classical ideals, but recognizes that within the Baroque era, the “fold 

unfurls all the way to infinity” (Deleuze, 1993, p. 3). This is differentiated in the Baroque by 

following twin infinities as if the edges of a fold: the pleats of matter and the folds in the 

soul (Deleuze, 1993).

The nineteenth century statues in figures 5 and 6 were documented in the Sculpture Gallery 

of the Victoria and Albert Museum, London, in October 2015.  Following classical sculpture 

styles, material properties are conveyed in stone. Lot’s Wife by Sir William Hamo Thornycroft 

(figure 5) depicts a woman in a classical Greek style of chiton. Frozen forever in the moment 

Figure 5. "Lot's Wife" by Sir William "Hamo' Thornycroft 1877-8, Lent by Leghton House Museum. 

Photographed in V & A Museum, London, October 2015, M Smitheram
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of turning, the cloth clings, heavily draped, revealing her form. The elaborate drapery, 

follows the path of the body twisting as Lot’s wife looks back over her shoulder, every fold 

follows this turn, emphasising the movement. 

The chiton is cinched at the waist, and the overfold cuts the only horizontal clear line across 

her body, elaborated by bunching as the fabric pools. In this example, the carved stone 

drapery focuses the eye to her regretful last look back over shoulder; pathos emphasised 

in the deeply etched materiality and solidity of mortality prior to transformation, before 

she is turned forever into a pillar of salt.  In this depiction, the rendering of the cloth clearly 

describes both the corporeal action of the person, and the gravitas of her earthly corporeality.

The example in figure 6 shows a detail from a sculpture by Bartolini. The dresses worn 

feature more complex tailoring, flowing and damply clinging they enunciate the human 

form underneath. The modelling lines of the cloth accentuate the curve of the legs, hips and

stomach, falling in folds over the weight bearing legs. The cloth has a transparent quality, 

a lightness that echoes the gaiety of two girls, mid waltz. In contrast with the heaviness of 

the fabric depicted in figure 5, these garments are joyous in their buoyancy and jubilant 

flight, describing both ”the pleats of matter and the folds in the soul” (Deleuze, 1993, p. 3). 

These examples from fine arts of  historical sculpture and drawing  all depict cloth simulations, 

with the material properties interpreted into stone, ink, paper and marble which  “seizes and 

bears to infinity folds that cannot be explained by the body, but by a spiritual adventure that 

can set the body ablaze” (Deleuze, 1993, pp. 139–140). What is lost and what is gained in 

such material transference is relevant to further consideration of contemporary transference 

of cloth material properties reconfigured by the virtual-digital space of motion capture. 

Examples such as figures 7 and 8 illustrate a divergent contemporary perspective. In these 

modern photographs by fine artists, the cloth conceals rather than reveals, the fabric consumes 

the body. Photographer Joakim Heltne (figure 7) shows statue-like forms in temporal 

suspension, where akin to the classical sculptures the body is captured in a static rendition 

of a moment; the fabric strains and constrains the body. While these highlight aspects of 

the physical form, the face is obscured and there is an absence of emotive information or 

narrative. Daniel Arsham's work also exploits the nature of materials, revealing something 

of the matter through technique. 
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In figure 8, he shows a person seemingly absorbed into their surroundings, the cloth wall 

wrapping over and encasing the person.  In all three photographs, the body is subsumed 

into abstraction, devoid of identity and history.  In contrast to the earlier classical examples 

with their emotive Deleuzean Baroque folds, in the contemporary examples the cloth serves 

to describe the surface, but not the soul.

Figure 7.  Joakim Heltne, Human Sculptures, 2015 Figure 8. Daniel Arsham, 2016

The Hand of the Cloth

Haptic perception is typically defined as the combination of tactile, kinaesthetic, and 

proprioceptive functions. It is the way we experience touch both on the surface of and 

inside our bodies. In haptic visuality, the eyes themselves function like organs of touch. 

Haptic visuality “draws from other forms of sensory experience, primarily touch and 

kinaesthetics” (Marks, 2002, p. 2).  This is identified within a research project that charted 

subjective similarity to assess cloth as a “tactivisual assessment of fabric hand” that is 

influenced considerably by the sense of sight (Shigeo, Kobayashi & Tomizuka, 1990, p. 251). 

The haptic is a quality that is strongly indicated within the meaning of textiles, and Bryant & 

Pollock (2010) argue “this gives cloth powerful meanings of relationality” (2010, p. 145).  An 

overarching principle of approach in fashion design is tacit knowledge that guides working 

with the inherent properties of a particular fabric. A stiff rigid fabric can form sculptural 

silhouettes, but does not drape well. A soft, fluid fabric flows around the body and lends 

itself to interpreting volume and drape. This tacit material knowledge underpins design 

decisions and determines outcomes.

Intangible and tactile measurements such as the hand of the cloth in particular are used to 

judge the potential of a particular cloth. The hand of a fabric can be regarded as “a tactile 

evaluation judged from physical stimuli of fabric mechanical properties” (Behery, 2005, p. 

4) and is often incorporated into consideration of a fabric, along with visual factors. This 

sensory evaluation includes resilience, softness, roughness, smoothness and tensile strength.  

The eyes and the hands look for the potential of a fabric, its essence.  Little is documented 

about the unique characteristics of touch for sensory evaluation (Lee, Kamijo, Honywood, 

Nishimatsu, & Shimizu, 2007), yet all fashion designers instinctively reach to touch a fabric 

when considering it as an option. The ‘hand of the cloth’ is assessed then through a kind of 

haptic visuality (Marks, 2002), the eyes are informed by the touch of the cloth. 

While the physical hand is implicit in sensory evaluation of the potential of cloth, in a 

literal sense, the physical hand is explicit in the production of garments. Many hands are 

involved in the manufacture of clothing. Fashion as previously noted, is divided into multiple 

binaries. The classification of high-end fashion into ready-to-wear and haute couture is 

both symbolic and distinguished by hand finishing. Ready-to-wear is often manufactured 
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en masse by machines, but not exclusively. In couture, the ‘hands’ of the workers are a 

celebrated aspect of construction, adding to the rarefied and exclusivity of couture’s nature. 

With couture, the hands are an “unexamined component, or requirement” (Mlotek, 2016) of 

the work.  These garments are valued both for their exquisite fit of bespoke customization, 

and the ‘petite mains’ (literally, ‘little hands’) that hand stitch couture embellishments and 

details.  Within this thesis, the hand is considered as apparatus that instigates and propels 

motion, enlivens, and intersects with materiality. 

Summary of Material: Being Physical Discussion

This section Material: Being Physical, foregrounds this Contextual Review within a critical and 

foundational framework for the research.  The discussion moves from a macrocosmic starting 

point of fashion systems and consumption process, through the agency of the physical 

processes of tactility and sensory engagement and finally the microcosmic matter of cloth 

itself and its associated historic and contemporary representations in the arts. The ontological 

dimension of this project highlights the nature of cloth’s materiality, anchored in systems, 

histories, and as both representational and relational. Deleuze points to this signification and 

constitution of cloth, saying that "matter is clothed", with ‘clothed’ signifying two things: 

“that matter is a buoyant surface, a structure endowed with an organic fabric, or that it is 

the very fabric or clothing, the texture enveloping” (Deleuze, 1993, p. 115).

The aesthetics of material surfaces in the physical state are closely tied to corporeal and 

sensory interaction, as primary conditions of this experience.  The relationship between 

environment, cloth (as surface) and body is identified as mutually informative, and concepts 

of embodiment underscore this perspective.  This contextual review of the realm of Physical 

indicates an approach through ‘following the materials’ and material properties, drawing 

from the processes and engagement of the senses. This review has raised important questions 

about the nature of the body within technology, and the implication of sympoiesis, of 

discovery through analysing the components of material. 

 Physical to Digital Discussion

Introduction to Physical to Digital Discussion 

This section bridges literature and artistic exemplars that are between physical and digital 

contexts. In the ambiguous territory between negotiated states of Physical or Digital lie 

artefacts that exhibit different qualities. This section considers these qualities through an 

analysis of artistic examples and theoretical notions.

Literal, physical artefacts have overt aesthetic qualities. They have tangibility and tactile 

properties, computer generated artefacts have process and are ordered. While forms of media 

such as painting, photography, cinema and television can be seen to conform to particular 

ontological framings and can be analysed as visual language, a computer is normally approached 

through calculus as it operates at a level of reasoning and processing (Openshaw, 2015). The 

computer is not ontology. “It does not facilitate or make reference to an arrangement of being, 

it remediates the very conditions of being itself” (Galloway, 2012, p. 21). Galloway (2012) goes 

on to describe interfaces as mysterious zones of interaction, constituting a threshold between 

self and the world, a fertile nexus that not only facilitates behaviour but also constitutes it. 

Within this thesis, the creative work has resulted in artefacts that shift from physical to 

digital, and virtual. The aesthetic qualities of the physical are infused within the new 

form of processing, and result in hybrid materialities with particular enmeshed attributes.

While the cumbersome term ‘phygital’ has recently become a common term to describe the 

convergence of the literal and the digital, this portmanteau of physical + digital is generally 

used within advertising industry to leverage sales in marketing campaigns. For example, if 

something has traction in one level, how can it be extrapolated into another (and consequently 

other products, or increased sales) (Aspers, 2008; Bimber & Raskar, 2005; Lomas, 2012). While 

this concept gains momentum within marketing campaigns as digital technologies advance, 

little public discussion or research surrounds the implications, experience, meaning–making, 

and pedagogy generated from these ubiquitous interactions. 

There are some primary assumptions about our understanding of our ever-increasing hybrid
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technocentric selves identified by scholars:

 1).  That in this era of the virtual, the material world is becoming irrelevant (Weiss, Propen, 

& Reid, 2014) 

2).  That matter matters (Ingold, 2007; Miller, 1998) 

3).  That the shift from analogue to digital technologies in the past 50 years has changed how 

we relate to and make meaning of the world (Fors, 2015; Pink et al., 2016). 

A number of media scholars caution against forgetting our bodies to digital technology. 

Laura Marks (2002), asks whether this tendency marks a shift away from the experiential 

embodied ways of knowing. Trend forecaster Li Edelkoort observes “the more screens we 

have the more our fingers are afraid we’re going to disappear, I feel it already in my fingers 

that they want me to touch lots of things so I don’t lose contact with touch" (Etherington, 

2012, para. 2).  

 In the intersection of physical and digital are new ways of touching, feeling, 

looking, and moving, and new ways of making meaning of the world. This raises 

the question of the sensorality of embodied engagements with media, how it feels 

to engage physically with these technologies and how digital media is part of a 

fuller sensory emplaced experience of being part of an environment (Fors, 2015). 

There are significant aesthetic issues in this abstraction of touch within the digital. 

This section examines instances of physical-digital interaction, emphasising relevant fashion, 

body, and surface exemplars. The intention is not to describe the materiality of the objects, 

but to examine the properties and gain understanding of the materials. Theories from the 

natural sciences and anthropology are drawn from to provide insight into understanding the 

constitution of ‘new’ materials resulting from digital-physical making. If ‘matter matters’, 

deeper understandings of both the composition and the generation of new materials is 

essential for qualifying their relationship to us. Tim Ingold draws attention to James Gibson’s 

tripartite division of the inhabited environment into medium, substances and surfaces, and 

argues that “the forms of things are not imposed from without upon an inert substrate of 

matter, but are continually generated and dissolved within the fluxes of materials across the 

interface between substances and the medium that surrounds them” (Ingold, 2007b, p. 1). 

This aligns with seeing the properties of materials, not as fixed attributes of matter but as 

processual and relational rather than discrete. The artworks generated within this thesis are 

hybrid works, and consequently have mutable qualities that result from their construction 

across states and processes.  

Digital Skins 

Fashion is frequently referred to as a second skin, semantically alluding to the transformational 

power of metamorphosis within clothing. Emerging future fashion ideas situate fashion as 

a potential site of transformation itself. New theory (von Busch, 2008, 2011) discusses the 

opportunity offered by new digital technologies to redefine the shapeshifting power of 

fashion, the inherent ambiguity of new surfaces allowing for shifts in perception of body 

and self. These theoretical discussions raise the new potential of approaching textiles and 

surface as a digital canvas (Bruney, 2016), a digital skin (Harris, 2013), a new frontier of 

technological materiality (Küchler, 2008). 

Few pragmatic fashion projects are yet to enage with these theoretical ideas.  However, new 

digital imaging techniques and digital cultures which reimagine narratives of body and 

self, hold potential to inform the design of future fashion and fabrication concepts. Recent 

theoretical developments that consider new technological developments in relation to body 

and surface and call into question what it is to be posthuman expand into visual and digital 

arts (Hayles, 1997, 1999; Roden, 2014; Weiss, Propen, & Reid, 2014). Whilst informed by such 

digital theory, this research takes a fashion designer’s material approach.

Visual artist Pierre Debusschere reworks digital photographs (figure 9 & 10)  creating 

impossible fashion imagery. Layering digital media effects, he disrupts the surfaces 

with painterly textures. These illustrations suggest new surfaces, which bleed into their 

environment, shimmer and shift at the edges. These are inconsistent surfaces. Their 

tenuousness implies deeper, philosophical shifts- the body becoming mutable, the body no 

longer ending at the skin. Whilst maintaining an editorial quality, the constant aesthetic of 

Debusschere’s fashion illustrations propose surface as glitch, a rupture between physical 

and digital, and a merging of surface and body. These depictions of morphing bodies is 

reminiscent of Science Fiction constructs, such as Philip K. Dick’s ‘scramble suit’ from A 
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Figure 9. Pierre Debusschere, 2015

Scanner Darkly, which conceals the wearer’s identity by shifting through composite projected 

images of different clothing and people. In the movie of the same title (Linklater, 2007), the 

‘scramble suit’ is visualised as a kind of shapeshifting hologram.  The projection demarcates 

the body in a new way, the edges no longer defined or static.

Other artists notable for extending the boundaries of surface and embodiment include Bart 

Hess, who explores structural reconsiderations of skin as surface. Hess’s artworks (figure 

11) feature tactile and instinctive textiles that describe qualities of liquidity, biomimicry, 

translucency, hybridity and invisibility as new exteriors for the body.  Hess’s experimental 

videos render body as pure surface, a deterritorialized state (Deleuze & Guattari, 1988), 

ambiguous in its manifestation. He creates another world, one in which technology melds 

body and object.

Figure 10. Pierre Debusschere, 2015

Figure 11. Bart Hess, 2014 

Hess describes his fascination with reimagining skin saying, “when I create a new design 

I always place it on my own skin even though it originally was created as, for example, a 

flooring material. The fascinating thing about it for me is the combination of a skin and a 

material. By using a material on the body that is not the body’s own, but making it look 

like it could possibly be, I create a tension between the body and material” (Edelkoort & 

Fimmano, 2013).

These examples from diverse areas of fashion advertising, video media, and digital arts 

reposition skin as interface. They create linkages of physical imagery and digital distortion, 

emphasising the potential of surface between these zones as tenuous and fantastical. There 

is a sense of uncanniness in viewing the images, which are lifelike yet unlike the physical 

body, as we understand it. These new digital skins suggest future possibilities of new 

surfaces, which challenge long-standing assumptions of our bodies as generally fixed states 

to possibilities of new mutable and fluid zones.

Digital Fashion 

With division between fields becoming increasingly blurred, ‘digital fashion’ as a new genre 

of sorts, sits in a threshold space between different industries. Sometimes science experiment, 

sometimes innovation or health orientated, sometimes art object, digital fashion is usually 

not commercial, but rather conceptual or proof of concept. These garments utilize innovative 

technologies to make wearable garments, although generally the end use, practicality, and 

production of these things is yet to be determined. However, these ideas hint at futures, 

provoke discussion, and importantly, advance technological capabilities through testing 

limitations of technologies and attempting to make them physical objects. 

As technologies develop, different types of projects emerge that intersect digital and physical 

making. Developments in material innovations, e-textiles and wearable technology have 

grown exponentially (Amitai & Seymour, 2014). Textile structures provide a natural bridge 

to integrate digital electronics into clothing, and allow for thinking of ‘soft’ circuits or new 

integrations that work with the body and gesture, rather than simply being placed on the body 

as an extraneous accessory.  While the scope of this thesis does not encompass an exhaustive 
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study of such artefacts, some awareness of the pragmatic and purposeful applications of 

such artefacts has had implications for this project, and areas of future research. Of particular

relevance to this thesis are projects or artefacts that respond to embodiment and express a 

new materiality or a new aesthetic, rather than replication or simulation of one modality 

within another.  These are examples of the affective dimensions of fashion (Seely, 2013), 

and emphasise a shift in the conceptualization of fashion from epistemological frameworks 

of subjectivity, signification and representation. In these examples, the body transforms, 

becomes something other.  Birringer and Danjoux suggest that while wearable technology 

points to fashion in the sense of re-fashioning, it doesn’t just control surface functionality 

in the interface, but challenges “digital transformation of the materiality of the body to 

provoke a new language through which discrete representations of the body can be generated 

and re-invented” (Birringer & Danjoux, 2006, p. 42). The following examples all utilize a 

combination of digital production and physical manifestation. 

Commercial fashion garments are generally designed with specific purpose or functionality, 

and manufactured to tight timelines and production budgets. Conceptual ideas are often 

developed in couture or high-end fashion collections, where the steep price tag affords 

some investment of time to develop experimental ideas. Notably, clothes that structurally 

shapeshift or morph with the assistance of technology have been featured in the catwalk 

collections of Viktor & Rolf, Issey Miyake, and Hussein Chalayan. 

Fashion designer Hussein Chalayan explores themes of shapeshifting structural forms in his 

high-end collections. Chalayan is well known for high-tech garments that transform on the 

body and has developed this concept through avant-garde runway shows. In Chalayan’s Fall 

2000 collection, he staged a presentation for his Afterwords collection that involved models 

interacting with a set of furniture. The models pulled up chair upholstery that was in fact 

sheath dresses, and stepped into a round coffee table that was hoisted up into a skirt. In 

Chalayan’s Spring 2007 collection, he sent out dresses with in-built electronic infrastructures 

that morphed on stage as the models stood in place. The garments altered revealing a 

progression of historical iconic silhouettes in a feat of technological wizardry.  Chalayan’s 

Fall 2013 collection was perhaps the most accessible, translating these conceptual shapeshifts 

(figure 12) into a wearable and commercially viable collection.  The runway show began 

with the models dressed in a series of subtle draped silk dresses, which via a tug from the 

model unravelled to reveal another style entirely. A press release describes the collection

as “developed around the dichotomy between domestically earthbound environments: 

disembodiment and metamorphosis” (Howarth, 2013). Hussein Chalayan’s conceptual 

exploration evolved from the earlier abstract, complex transformations through to analogue 

seamless morphing transitions.  In Chalayan’s morphing garments, he technologically 

enhances the body, altering the conceptions of a body as merely capacities. Seely (2013) 

evaluates these designs and how the body is transformed, arguing that “if we follow Spinoza 

in defining a body as its capacities, and think of body and fashion as an assemblage, then 

Chalayan’s project of technologically enhancing the body through fashion alters (i.e., 

affects) these capacities in such a way that makes any clear distinction between the body 

and the technology unnecessary and untenable”(2013, p. 257). Chalayan’s designs open 

up a conversation in which “fashion addresses the subject of fashion” (Mower, 2006), and 

fundamental notions about the body. This has prompted thinking about ways in which 

digital fashion can morph and embody the ephemerality of fashion in a new way. In this 

example, the designer is led by the design, and the technology is used to enhance the 

designer’s vision.

Designers who work with new 3D printed materials such as Iris van Herpen and Francis 

Bitonti innovate through using new media, substances and surfaces; which allow for 

novel, innovative silhouettes and unlikely proportions. 3D printed materials are designed 

and constructed through digital software and digital printing technologies, allowing 

Figure 12. Hussein Chalayan,  A/W 2013, Fashion-gifs.Tumblr.com, 2014
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for innovation in new configurations of material. Bitonti and Van Herpen’s 3D printed 

garments do not just cover the surface as traditional fabrics do, but extend outwards from the 

surface of the skin, crafting new body architectures through multi- dimensional articulated 

fabrications. The resulting silhouettes reinvent human proportions, as the lightweight yet 

strong interlocked 3D components scaffold the bodily form into new shapes. Material 

properties and processes of 3D printed components have rapidly evolved from laser-sintered 

polyamide nylon to more recent iterations, 3D printed in resin or acrylic composites using 

stereolithography. These extraordinary garments are typically one-off runway pieces due 

to the expense of manufacture, and the difficulty and discomfort of wearing plastic, acrylic 

and resins. Awareness of the unsustainability and finiteness of petro-chemically derived 

plastics has prompted research and investigations into new composite materials. Soft, organic 

and bio-engineered 3D printed materials are under development (see Bose, Vahabzadeh, & 

Bandyopadhyay, 2013; Ingham, 2015; Yao et al., 2013) and may radically change the potential 

of 3D printed garments.

But, despite the current limitations of 3D printed designs, both the design and manufacture 

processes instigate an approach to the body as a three-dimensional form. Devoid of side-

seams, they expose an approach that breaks from the traditional technique of two-dimensional 

pattern cutting (with a designated front and a back) to encompass three-dimensional bodies.  

Iris van Herpen describes how her design process differs from a conventional fashion 

designer’s approach, “computer modelling and 3D-printing have, for the first time, enabled 

me to translate the image in my mind immediately into three-dimensional form. Before, I 

would have a step in between, where the three-dimensional image in my mind first had to 

become a two-dimensional design on paper” (Johnston, 2015, p. 248). Adapting from her 

more complex editorial garments, van Herpen has begun to produce ready-to-wear garments 

that embody curated customization, incorporating 3D printed elements, laser-cutting and 

digital techniques into more malleable (and scalable) fashion garments that maintain her 

unique digital design ethos whilst becoming more commercial.

Aesthetically, both Bitonti and van Herpen’s designs display hallmarks of the digital, such as 

algorithmic textures, symmetry, replication of components, generative shapes and rendered 

‘perfection’. These begin to form a visual language of enmeshed digital to physical design, 

along with of course, a singular three-dimensionality of form that envelop the body and 

extrudes outwards from it. There is visible data transference embedded in these artefacts, 

where literal digital textures translate into physical textiles. 

Whilst the examples from Bitonti and van Herpen highlight the use of digital design and 

digital manufacturing processes, other designers working within the digital to physical 

spectrum incorporate the digital in different ways. Researcher and designer Ying Gao 

employs the functionality of the digital to create performative garments. These garments 

link the wearer in a complicit alliance within a computer driven programme.  One example, 

(NO)WHERE (NOW)HERE: 2 interactive dresses (‘Gaze-activated dresses with eye-tracking 

technology by Ying Gao’, 2013) comprising  of two gaze-activated dresses embedded with 

eye-tracking technology, that respond to an observer's gaze by activating tiny motors to 

move parts of the dresses in mesmerising patterns (figure 13).

The dresses are comprised of Super Organza, photoluminescent thread, PVDF, electronic 

devices- this is their ‘matter’ yet it is the combination of this and the body enacting upon 

Figure 13. (NO)WHERE (NOW)HERE:2 interactive dresses, Ying Gao, 2013



6160

it, that activate these garments. The garments respond to the eyes of the spectator. The 

selection of Super Organza, a tissue-like incredibly lightweight organza, is purposeful in 

response to the digital tech. Its superfine lightweight nature is suited to reacting to subtle 

motion and the small motors concealed on the body. Gao skilfully combines the functionality 

of incorporated technologies with performativity and fabrications that enhance a digital 

aesthetic. The garments are eerie, uncanny in their communication of sentience, as they 

respond with movement independent of the wearer.  The dresses however, communicate to 

the wearer, alerting them through kinetic movement and haptics that they are being watched. 

In one possible interpretation, they could be seen as a commentary on surveillance, on 

another level, they display exuberance and joyfulness at being ‘seen’ not unlike the marble 

dresses of the Campbell Sisters, illustrated in figure 6, page 47. The dresses interact with both 

the wearer and the viewer, in this they display new characteristics of being worn. Rather 

than yielding to humanity, they are directly responding to it. Gao’s garments are digital 

meditations that through maintaining quiet colour palettes and unified silhouettes amplify 

the poetics of the digital performativity and construction.

Designer Noa Raviv’s work (figure 14) shows a more direct interpretation of digital into 

physical design. Her garments, whilst incorporating some 3D printed elements, interpret 

the gridlines and wireframe of a dress simulation into a physical representation.

Figure 14. Noa Raviv, 2014.

The effect is almost cartoon-like, with a hyperreal juxtaposition of elements.  The garments 

are transposed, locked in a state of flux between digital morphing and their current state 

of physical iteration. The models wearing the dresses are human, yet they wear a trompe 

l'oeil wireframe, the dress simulation of an avatar in a 3D programme.

What is exemplified through these illustrations is the innovative mixed reality approaches 

brought by these designers, who understand and interpret the physical and the digital in 

differing combinations of matter, medium, and materiality. These are not conventional 

fashion designers adopting technologies, but truly digital-physical designers who create 

mediated fashion objects with three-dimensional digital sensibilities and aesthetics. The 

digital is visually evident in hallmarks such as 3D shapes that extend from and resurface 

the body, algorithmic textures, symmetry, replicated components, generative shapes and a 

rendered, smoothed kind of ‘perfection’. The digital extends into the physical in all number 

of approaches, varying from processual, performative, aesthetic, and through the production 

of new materials. As designers they work within the threshold between digital and physical 

design processes. A commonality is that all use a digital design approach, which is evident 

within the final physical artefact.

Summary of Physical to Digital Discussion: 

These examples of digital skins and digital surfaces demonstrate tenuousness between 

analogue and digital materials, and some of the possibilities of combinations. Highlighted 

is an evolving new aesthetic in forms that retain elements of the hand in manufacture or 

the physical in the final resolution. As conditions of this experience that form the aesthetics, 

these projects seek to realise a bodily, corporeal understanding of digital matter, interpreting 

digital production into substance and form that intersects with fleshy surface. Ontologically, 

these hybrid projects and materials are by nature mutable, and explore the body as something 

other, a hybrid, a cyborg, a chimera.  These fashion examples draw from an ontological 

framework of affect, sensation, and material transformation (Seely, 2013). Robles and 

Wiberg (2010, 2011) propose that reconciling the division between physical and digital 

means not only crafting metaphorical relations or enabling analogue versions of digital, 
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but rather approaching this new design space as an opportunity to imagine new materials 

and relations between materials from all possibilities of depth and scale. This requires a 

deeper consideration of what it means to be digital, moving past a screen-based, flattened, 

hyperreal interpretation; into the development of a visual language for digital materiality. 

This language encompasses haptic, tactile, sensory interfaces and draws from not just the 

‘surface’ or screen of a computer, but from the richness of merging the materiality and 

material language of hardware and software into new surfaces for networked bodies.

In a postdigital epoch, our bodies are constantly under negotiation. The artist Krisár claims 

“the body has become more conceptual and less felt in the postdigital age” (Openshaw, 2015, 

p. 69), although it is important to note that this is most evident in technology-rich countries 

and cultures, as in the words of Science Fiction author William Gibson, “the future is here, it’s 

just not evenly distributed” (1999).  Technology changes the way we interact with each other 

and the world. We can inhabit multiple spaces simultaneously, with online selves, avatars, 

and digital representations of our identity, all enacting at our command. Technological 

interfaces are blurring the boundaries and “dissolving the barrier between the biological 

and the digital, creating new mediated forms” (Openshaw, 2015, p. 65). Artefacts, designed 

objects and artworks that occupy spaces in between zones of digital or physical, are becoming 

multimodal interface (Negroponte, 1995). The body situated in this mediation also becomes 

new- reimagined through structure, form, capability- a multisensory interface to the digital.

 Dianne Currier (2003) explores the Deleuzean understanding of assemblage to challenge 

the way the encounter between bodies and technologies is conceptualized in Haraway’s 

cyborg, as a means of thinking the meetings of bodies and technologies beyond binary 

oppositions, arguing that “technology does not meet a body. Instead, the matters, flows, 

forces and intensities of the corporeal link and connect with other flows and the forces 

and materials of the technological and different bodily and technological multiplicities 

are elaborated” (Currier, 2003, p. 331). Undermining old binary oppositions, the hybridity 

of mechanical and organic entities is a current condition, “the machine is now flesh, the 

body technological, and nature is culture” (Drucker, 2009, p. 190). The cyborg may be seen 

as the sign and actualization of the current lived condition of humanity. Moving into the 

discussion of the digital, contextual notions and understandings of the body become pivotal 

in questioning mediation. 

In-material: Being Digital

Introduction to In-material: Being Digital

The term In-Material that headlines this section, introduces a specific approach to working 

with the digital. Initiated by van den Boomen (2009), the term focuses the intention of this 

research to consider the matter of the digital as “stuff which may defy physical contact 

yet which is incorporated in materiality” (van den Boomen, 2009, p. 9).  For the purposes 

of this research, the digital is used to describe not only the processual and procedural 

implications of programs and digital tools, but also the broader influence of the digital 

as specific environment and as a materiality with agency and aesthetics. Following on 

from the contextual positioning of the physical, the digital is approached from a material 

practitioner and designer’s perspective. This section includes contextual analysis of 

digital artefacts and pivotal informing digital theories. Specifically, this chapter continues 

to ‘follow the materials’, looking at the explicit visible and visual cues that result from 

digital creation. The discussion observes and evaluates particular aesthetic and conceptual 

transferences embedded within the digital, identifying remediation, morphing, glitches 

and other mechanisms of transformation. In contextualising the influence of digital 

materiality within this project, this section questions how does the digital exert agency? 

Screen and Surface

Within this project, the digital is primarily accessed and navigated through screens. New 

media foreground the interface like never before (Galloway, 2012). Screens of all shapes and 

scales hold our gaze: smart phones, tablets, computer screens, ATM kiosks, car consoles, 

digital billboards, supermarket checkout screens, digital cameras and so on.  Through the 

screen we engage with images. This is what Vilém Flusser (2000) called simply a ‘significant 

surface’, meaning a two-dimensional plane with meaning embedded in it or delivered 

through it. Flusser described images as mediations between people and world, as the 

significance and the meaning of images rest on their surfaces. As metaphorical screens, this 

research suggests the surface of cloth acts as interface to the body, a ‘soft prosthesis’ extending 

outward from the body. This is in essence a second skin that carries embedded information. 
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As described in the discussion of Being Physical, the concern of this research lies not with 

semiotic representational information carried by the cloth but rather the significance of the 

cloth as a responsive interfacial surface. Interfaces themselves are effects, in that they bring 

about transformations in material states. But at the same time “interfaces are themselves 

the effects of other things, and thus tell the story of the larger forces that engender them” 

(Galloway, 2012, pg. vii).

Some of the characteristics of the digital world are intrinsic in the very nature of digital 

processes and, in and of themselves, have had a considerable impact on the arts.  “In 

its broadest extant sense, ‘digital art’ refers to art that relies on computer-based digital 

encoding, or on the electronic storage and processing of information in different formats—

text, numbers, images, sounds—in a common binary code” (Thomson-Jones, 2015, para. 

1.1). Thomson-Jones elaborates that the philosophy of digital art begins with a carefully 

articulated general account of digital representation, and proceeds to an investigation of 

the precise ways in which different kinds of digital art are digital. Artistic disciplines and 

practices have different levels and dimensions in their relationship to digital technology. 

There are art forms that exist because of technology, and have influenced development of 

specific genres. Examples of this include digital arts practices, animation, film and video. 

In addition, there are art forms that are influenced by technology, such as remixed music, 

e-books and live performing arts  (Poole & Le-Phat Ho, 2011). Equally, as raised in the 

previous section of physical to digital, artefacts and digital works can also be the product 

of an extremely complex sequence of choices between analogue and digital processes. Some 

of the inherent characteristics of digital include material that is electronic, interconnected, 

and networked.

These core characteristics carry implications for the production, generation and reproduction 

of works. In digital artefacts, the material is in electronic rather than physical form. This 

allows for manipulation and replication of electronic information, which in contrast to the 

nature of typical handcrafted physical artefacts, may be remixed and endlessly reproduced.  

A digital copy may be indistinguishable from a digital original.  Material in electronic form 

is networked by nature, able to be transferred over the Internet or mobile networks. The 

simultaneous availability of different registers of time made manifest by the Internet also 

creates a continuous archive of our online presences and inscriptions (Raqs Media Collective, 

2010). This opens up the work to be simultaneously altered or shared, and made available 

in different formats. Interconnected is another inherent characteristic of digital, allowing 

work to be collaborative, participatory, ‘liked’ or shared.

Whatever the final manifestation is of artefacts that are the product of digital production, 

the digital is at multiple stages of design process accessed and responded to via the screen. 

This interface represents a window into the digital, constructing a particular unavoidable 

aesthetic. For example, this aesthetic of digital art is reflected within my own creative research 

where ‘screenshots’ become the method to capture a frame of an animation, freezing in a 

moment in time, a static form from a fluid motion.

Remediation 

Moving from the core characteristics of digital, to consideration of how that can be tactically 

exploited or transformed; frameworks of remediation, morphing, shapeshifting and glitching 

are relevant to this inquiry.  Connecting fashion and textile perspectives with digital modes 

of making accentuates remediation methods more commonly associated with digital media 

production.  Bolter and Gromola (2003) contend that in a new media context, remediation 

can be defined as a pivotal digital process  of “making new media forms out of older ones” 

(2003, p. 83). Glitches, mash-ups and cut ‘n’ paste methods are characteristic by-products of 

digital processes and describe this approach as a remediation, whereby new media is made 

from collaging, morphing and layering. 

The strategies of digital remediation influence the outcomes of making within this project, 

and provide new perspectives of hacking conventional views of surfaces as static. The 

resulting surfaces morph and shift, an outcome of the hybrid physical-digital environment. 

Fashion constructs of ‘dress’ and notions of surface are hijacked by the approach through 

digital remediation and virtual hacks. Fashion activist and theorist Otto von Busch (2011) 

suggests we can understand the alchemy of fashion as a technology of code, which by 

hacking can be changed to intensify the technologies of the self. Through this, he proposes, 

fashion could be reverse engineered. This research project engages with the code of fashion 

through tracing the relationship between bodies and surfaces, encoded and reinterpreted 
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within virtual and digital materialities. This extends the understandings of material in new 

realms, and interrogates the potential of future fashion surfaces. 

Bolter & Grusin significantly pointed to the double logic of remediation, observing that our 

culture wants both to “multiply its media and to erase all traces of mediation: ideally, it 

wants to erase its media in the very act of multiplying them” (2000, p. 5). This perspective 

draws together the vantage point of Weiser’s (1991) idea of ubiquitous computing and 

entwines it with the digital into gestural, seamless responses. Arguably, we still interact with 

the digital primarily and most succinctly via a screen-based engagement. While Bolter and 

Grusin’s statement about mediation may resonate in terms of functionality, a decade later 

many functions are now ‘invisible’ and aesthetics are still in need of further consideration. 

Increasingly we are seeing objects that celebrate their hyper-mediation, digital objects that 

take on characteristics of physical artefacts, with a saturated digitality that communicates 

overt origins of mixed media. These strange things do not pretend to be tangible or logical, 

but revel in a kind of jubilant new materiality. In remediated artefacts, the digital exerts 

agency as process that shapes an artefact. A critical insight within this project was the 

unexpected influence of the digital methods on the aesthetic outcomes. This opened up the 

project to question the specific aesthetics of designing within a ‘counter-materiality’ where 

the translation from one medium to the next produces a uniquely integrated version.

Digital Morphing and Shapeshifting 

Computer graphic morphing has been described as "effortless shape-shifting, its confusions 

of the animate and inanimate, its queerly hermetic liquidity, its homogenizing consumption 

of others and otherness" (Sobchack, 2000, p. xi).  This definition synergistically echoes ideas 

of ubiquitous interfaces and digital art. Sobchack discusses the contemporary shift of the 

concept of morphing, from low-technology forms of communication such as fables, myths 

and legends to today’s morphing visuals created by sophisticated computer technologies. 

Sobchack states that the vast differences in cosmologies suggest that “contemporary 

representations of computer morphing are not simply reiterations of traditional tales of 

metamorphosis” (2000, p. 43) but something new. Digital morphing holds both aesthetic 

and mythological potential, with the unique capacity of the morph to move laterally across 

boundaries and categories, undoing hierarchical order and binary thought. Otto von Busch 

(2011) recognises this in fashion, pointing out the innate capacity of fashion as a device to 

shapeshift. As an allegory of realism (Sobchack, 2000), digital morphing and shapeshifting 

contain both conceptual frameworks to draw from, and narratives to explore visually. 

Enfolding this view into the research has offered a possible path uniting the theoretical and 

conceptual aims of this research through remediated visual imagery and surface structures.

Digital media artist David McLeod creates CGI illustrations that exhibit a kind of synthetic 

embodiment. His animated artworks feature morphing textures that emphasise an 

experimental tactility that imagines original hybrid digital forms (figure 15).  These strange 

forms shift shape through both structure and surface, whilst being constrained within 

invisible boundaries. Layering different surfaces, they create new archaeological hyperreal 

forms. McLeod’s digital objects seem both familiar and new at the same time, layering 

recognisable textures with surreal embellishments. McLeod describes his experimental 

motion series as “polymorphic objects in a state of 

flux” (McLeod, 2015). These objects occupy digital 

space, and exemplify the digital exerting agency 

within an activated environment. They don’t 

exist in physical, screenless reality, but display 

convincing behaviours and attributes based on 

actual objects. Their uncanniness highlights the 

appeal for both primarily physical and primarily 

digital artefacts to generate newness through 

drawing from mixed reality creation. These 

digital forms display aesthetics scanned and 

generated from physical textures. This digital 

artwork exemplifies specific hybridity aesthetics, 

unique to the digital materiality environment.

McLeod’s digital objects bridge realities, by a converse augmentation of digital 

with physical qualities. In identifying attributes and characteristics that result 

from merging states, McLeod’s digital artefacts are particularly relevant as 

they utilize real-world textures, converting them to simulated digital textures.

Figure 15. David McLeod, 2015
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Glitches 

A major assumption about digital information is that it is replicated identically, without 

loss, affect or transformation. But information has to be converted in order to work with it 

across different platforms and software (Steyerl & Rourke, 2013, para. 2).  Along the way it 

is reformatted, duplicated, translated, cross-platformed, compressed, expanded. Through 

this process of transformation the information is either enhanced or diminished, essentially 

it transforms. Digital information is therefore not only characterized by being electronic, 

networked, and interconnected, it is changed by the very processes of those things.  Digital 

is categorized by “transformation, degradation, circulation, but also by its surprising ability 

to mutate and produce unpredictable results. The glitch, the bruise of the image or sound 

testifies to its being worked with and working; being passed on and circulated, being matter 

in action” (Steyerl & Rourke, 2013, para. 3). 

The digital glitch or rupture as ‘matter in action’ is critical to this project.  More than just 

an aesthetic technical trope, the glitch is a specific digital and visual manifestation of code 

‘breaking’, corrupting or malfunctioning. The glitch exposes digital matter, the inner dynamics 

of the digital. A glitch always disrupts the flow of a system. Used deliberately, a glitch 

generates an unpredictable response. Under-theorized as a conceptual framework, digital 

media artist Nick Briz (2014) points out that glitching can be a kind of tactful exploitation 

of systems, and that there is a phenomenological impact of codecs on our moving image 

culture. Glitches happen in between spaces, in between the missing codec and the frame that 

opens up and interrupts that file. Glitches are a digital way to hack images, as the image is 

irretrievably changed through destroying part of the code of an image file.  Briz elaborates 

on the temporality of the glitch, “the hack always exists in the present and never in the past 

because every use of the glitch code necessitates a new destruction of the codec file at the 

code level- creation by destruction” (Briz, 2014). The glitch is recognised as “a powerful 

interruption that shifts an object away from its flow and ordinary discourse, towards the 

ruins of destructed meaning” (Menkman, 2011, p. 29). This emphasizes the concept of flow 

as both a trait within the machine as well as a feature of society as a whole.

This digital effect is not only used to hack digital artefacts. For instance, textile artist 

Faig Ahmed dismantles the patterns of traditional Azerbaijani rugs, deconstructing and 

reconfiguring their structure in order to build new compositions that morph from solid 

to surreal. This illustrates Menkman’s (2011) idea of the shift of an object away from its 

ordinary discourse. Through rearticulating the original design, Ahmed creates contemporary 

sculptural forms that “look like digital glitches, patterns flatlining halfway through a tapestry 

or gradually morphing into a digital mosaic” (Sierzputowski, 2015, para. 1). These glitched 

rugs and tapestries (figure 16) merge realities, exposing the digital code of warp and weft 

in physical objects.  These artefacts take encoded historical patterns and reconfigure them, 

creating objects that speak of new futures by disrupting the code of its construction and 

representation. Menkman (2011) points to the central question in developing glitch art as 

“how much agency should I provide to my systems of destruction?”(2011, p. 43). Glitching not 

only is tactical, but specific. The artist carefully manages the random effect, striking a balance 

between complete chaos and order.  Menkman relates the point of perfect balance between 

completely destroying the code and creating a new understanding as being an “articulation 

of counter-aesthetics, a destructive generativity”(2011, p. 44).  Menkman observes that the 

glitch evidences critical media aesthetics, on one hand by a glitch’s aesthetic of showing 

Figure 16.  Faig Ahmed, 2015 
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a medium in a critical state- a ruined, accidental, unwanted moment. On the other hand, 

Menkman argues, these very aesthetics “critique the medium itself, as a genre, interface 

and expectation” (2011, p. 45).  This discussion positions the philosophical implications of 

glitching as a medium, and the methodology chapter details the techniques and methods 

associated with glitching.

The Hand of the Digital

If the title of this thesis implies that the notion of ‘the hand of the cloth’ is central to this 

inquiry, what then, is ‘the hand of the digital’? Is there a comparable way to gauge the 

potential of digital matter? Laura Marks (2002) argues that we can read and gauge the 

potential of digital through haptic visuality, a kind of embodied spectatorship that can 

involve vision, touch, sound.  As previously discussed, the matter of digital can be agitated, 

bought to the surface through methods of disruption, hacking, and by destroying part of the 

code. More subtly, transference across networks, software, and states provokes the matter of 

digital to emerge.  The very processes that characterise the digital also facilitate change and 

transformation of digital information.  Digital can be hacked via engaging with the code, 

hacked by transferring across multiple states, and disrupted by translation through software 

and forums.  In this manner, code and platform have agency in the design process and 

thus become ‘material’.  Johanna Drucker (2009) refers to code as being “always embodied, 

instantiated in material” (2009, p. 140), while Alexander Galloway (2012) observes that 

grasping code as material is the fundamental contradiction, that software as the processing 

agent of code “is the medium that is not a medium. [...] Code is never viewed as it is. Instead 

code must be compiled, interpreted, parsed, and otherwise driven into hiding by still larger 

globs of code. Hence the principle of obfuscation"  (2012, p. 69).

Summary of In-material: Being Digital Discussion

Fundamentally, the digital is characterized by material that is electronic, interconnected, and 

networked. This is the nature of the digital. Within this project, the digital exerts agency as 

the matter and material of programming; as process that shapes artefact; and as activated 

environment.  Critical aesthetics of the digital are evident through not only procedural 

integration with software and programming functions, but crucially, through disrupting the 

data or hacking the process. Essentially, the digital is a representational system. It encodes 

or denotes something else (Pink et al., 2016). What does it mean for creative practice then, 

to contend that this representational system itself has material properties?  The challenges 

of mediation as a central feature of artistic work results in aesthetics that are transformed 

and hybridised. Mediation, as a liminal space between, “is registered in digital expressions 

as an ephemeral but material trace, a time-based inscription, transiently configured, and 

constituted by and as an experiential field” (Drucker, 2009, p. 177). This discussion looks 

past Flusser’s (2000) ‘significant surface’ of the screen to draw out particular aesthetic 

and conceptual transferences embedded within the ontology of the digital, identified 

as remediation, morphing, noise, glitches and other mechanisms of transformation. 

Marianne van den Boomen (2009) proposes that digital is informational, and relational. This 

influences the question of the aesthetics of the digital, when we ask what are the conditions 

of this experience. Digital materiality then, is ‘in-material’ rather than immaterial, as software 

for instance, is always intrinsically embedded within physical data carriers and governed 

by network protocols.  Digital cultures can be seen as material practices of appropriation; 

new media objects are “material artefacts and facts, configured by human actors, tools, and 

technologies in an intricate web of mutually shaping relations” (2009, p. 9). Specifically as 

a design process, the matter of the digital is highlighted through the tactful exploitation of 

systems with strategies such as glitching characterising creative intervention. 

In mediated artefacts, the digital exerts agency as a process that shapes artefact.  This 

construction from function follows a sequence of operations, with a program dictating 

what a computer will do. It can be seen however, that in its broadest sense, this constructs 

matter that is algorithmic.  Drucker argues that  “the digital encoding of form as information, 

as data, as patterns of binary code might be used to assert that our understanding of what 

a ‘form’ is should shift towards the realm of mathesis” (Drucker, 2009, p. 140). Through 

mathesis Drucker suggests that form can also be understood as quantitative, form in the 

digital sense can also mean the systematic order of things. 

Digital information is consequently not only characterized by being electronic, networked, 
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and interconnected, it is transformed by the very processes of those things. In relation to this 

project, this brings into focus the specific aesthetics of designing within ’counter-materiality’ 

where the translation from one medium to the next produces a uniquely integrated version. 

The digital then describes not only the processual and procedural implications of programs 

and digital tools, but also the broader influence of the digital as environment and as a 

materiality with agency and aesthetics.

Digital to Virtual Discussion

Introduction of Digital to Virtual Discussion

This section centres on discussion of digital materialities as a pivotal informing concept and 

environment of this creative work. Tracing theoretical patterns and artistic exemplars that 

demonstrate both friction and slippage between digital and virtual contexts, this section 

looks at the implications of digital materiality on new mediated artefacts. This discussion has 

relevance across all three registers of physical, digital and virtual, as they intersect through 

digital materiality.  The emergence of new mass cultures of digital and virtual representation 

have facilitated new enquiry into the significance of the role of the body in culture, and more 

particularly the implications of the hand in making.

Digital Materiality and Mediation

The digital, as previously outlined within this chapter, has quantifiable characteristics and 

qualities. When digital and physical modalities merge in production of artefacts, particular 

new qualities emerge and need consideration. This research space centralises designing 

in a world where the digital and the material are not separate but entangled, enmeshed. 

They are elements of the same processes, intentionalities and activities (Pink et al., 2016). In 

configurations of digital and material realities, activities and processes are co-implicated in 

informing the visual and artistic properties and contribute to what need to be considered 

as a new environment, what can be termed a digital materiality. These properties and 

characteristics of digital materiality however, need examination for their potential implications.

Within the experimental and practical work developed for this project an area of significance 

has grown, questioning the specificity of the aesthetic generated within the interaction of 

artefact within the virtual and digital environment. Articulating this area, a number of 

researchers and theorists argue for and name a new aesthetic within the interplay of digital, 

virtual and artefact. Lévy (2001) describes this emergent aesthetic as one where the role of 

art is described in terms of the play of the virtual against the possible. This exchange of 
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virtual and simulated, against the material, is pivotal within this thesis. Nigel Thrift (2005) 

acknowledges the materiality of ‘screenness’ in which the technical rises to the surface and 

becomes the exterior. In doing so, Thrift attributes the changing nature of materiality as the 

result of new infrastructures, which question concepts of mediation by being neither inside 

or outside, but critically, the work of mediation itself. Susanne Küchler (2008) describes a 

new ‘technological materiality’, and advocates for new methods, to study empirically the 

future directed, transformative potential of materials within which technology is embedded.  

Küchler argues that this space is both material and informational, with the environment 

being internal to the material. 

But what of the artefacts and objects that result from this mediation? Bruno Latour (2005) 

describes objects themselves as existing in the axis of their networks, bringing with them 

a sense of connectedness, an expanded anamnesis triggered by their ambiguous qualities. 

Digital artefacts themselves are often acknowledged as having a dubious ontology as the 

usual kinds of criteria applied to perceive and identify physical objects are not easily applied. 

The different properties inherent in digital artefacts derive in part from the processes that 

mediate their creation, leading to them being described as ‘quasi-objects’ (Ekbia, 2009).  

This somewhat negates their novel composition, by implying that this makes them semi-

things, rather than wholly new original artefacts.  If we consider instead that these objects of 

mediation are the product of new materials and new infrastructures, then perhaps we also 

need new ways to measure and understand them. Digital theorists such as Anna Munster 

(2006, 2014) and Mark Hansen (2006) suggest instead a different genealogy needs to be applied 

for digital engagements, one that allows room to take body, sensory input, proprioception, 

and conditions such as place and duration into account.  This project places significance 

on engaging with and understanding how materials in digital forms lend themselves to 

different ways of imagining and mediating objects.

Recent speculative approaches to new media research and theory have emphasised the 

relevance of materiality. Ultimately, a new materialism is concerned with things and their 

doings (Reichert & Richterich, 2015). New materialism is “not only about intensities of bodies 

and their capacities such as voice or dance, of movement and relationality, of fleshyness, of 

ontological monism and alternative epistemologies of generative matter, and active meaning-

making of objects themselves non-reducible to signification” (Parikka, 2012, p. 95). This 

rejects a conception of materiality solely based on the fact that humans may touch, feel, 

see, or hear a sensation without mediation, suggesting instead new types of matter that are 

experienced through different senses. In this, Parikka suggests that new materialism operates 

on multiple levels. Digital visuality for example, can be approached through the senses. 

This ‘sensory turn’ is part of an emerging body of literature across the arts, humanities and 

social sciences that focuses on sensory perception, and its role in the process through which 

people experience and construct their everyday environments (Fors, 2015). This shifts from 

a viewpoint of empirical epistemologies to one which accepts that perception and meaning 

are embedded not only in bodies but also in more ephemeral intangible things, “such real 

but weird materialities that do not necessarily bend to human eyes and ears are not only 

touchable objects, but also modulations of electrical, magnetic, and light energies, in which 

power is nowadays embedded” (Parikka, 2012, p. 96).

Augmented Reality 

Augmented Reality (AR) bridges the physical, real- world environment with computer-

generated sensory input, layering elements such as video, graphics, sound, and GPS data 

onto our perceived reality. This augmentation of things merges digital and physical worlds 

in a mediated reality, modifying and enhancing what we can ‘see’, touch or engage with.  

Recent changes in the computational power of personal computing devices literally put 

this reality in your pocket. As opposed to virtual reality, AR does not replace things with 

simulations, but rather focuses a lens on a temporal, spatial based morphing strata onto 

our physical world. Instead of immersing a person into a completely synthetic world, AR 

embeds synthetic CGI into the real environment (Bimber & Raskar, 2005).

This technology is constantly evolving, as capacities for producing seamless augmentation 

and engagement develop. AR represents an emergent mediation and relational way of 

materializing knowledge, experiences and connection between modalities. Augmented reality 

experiences are accessible and portable through mobile phone based applications, prompting 

engagement with fashion and textile design.  Commercial projects such as online t-shirt 

company Strange Attractors (2016) utilize AR technology to facilitate interactive experiences, 

with unique surface design patterns that can be viewed via downloaded phone applications. 
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Speculative fashion projects however, extend the potential of augmentation to explore 

new post-human aesthetics and notions of digital skins.  Design studio Normals created an 

experimental app that recognises a custom shirt and adds augmented reality accessories. 

When viewed through your phone, a series of geometric shapes move in real time, floating 

and shifting around the black shirt. The app is linked to data from your Twitter account and 

the virtual designs vary depending on your feed (Steyels, 2016). Layers such as a customized 

soundtrack and video content build a shared narrative with other users.  Situated in a more 

theoretical and speculative provocation, the project Immateriality: The Future Human (2011) by 

Jenny Lee used digital textiles to question future fashion AR. Lee envisaged a “digital couture 

service that is tailored to the consumer’s needs, to facilitate the re-design and enhancement 

of the physical human-self” (Holmes, 2011). Lee’s project designed hypothetical digital skins, 

proposed as AR growths that cover the wearer in a chosen look, triggered by wearing a 

device or accessory that causes the AR to react and form. 

These speculative designs propose new ways to configure selves, and convey some of the 

potential of Donna Haraway’s cyborg, “a creature of social reality as well as a creature of 

fiction” (Haraway, 1991, p. 291) without physical alteration, just the temporary appearance of 

it.  These projects use the medium of AR to alter our perception of ourselves. Specifically in 

relation to clothing and surfaces, these mediated reality ideas contain potential for rethinking 

what we consider the limits of our bodies and ourselves. The speculative fashion projects 

outlined not only the prospective of new decorative surfaces or body enhancements, but also 

a deeper embedment through augmented reality of shared experiences, and formation of new 

social cultures and community. These examples highlighted mediated reality’s potential to 

facilitate mixed reality interventions and interaction within the sphere of personal bodies as 

spaces we inhabit but significantly, the wider spaces we inhabit as a new kind of worlding, 

or world- building through interactive engagement. 

While this thesis does not engage directly with AR, the concepts and principles of augmenting 

the body through clothing as virtual interface intersect AR theories. The ideas of mediated 

realities overlap, and edges are reimagined. AR was not specifically adopted as technique or 

method in this project to avoid screen-based viewing. The theory and philosophy of mixed 

realities such as AR are pivotal to this research however, and there is potential for AR to 

feature in future research. 

Summary of Digital to Virtual Discussion 

This section identifies frictions and slippage between digital, and virtual conceptions, 

centring a bodily, sensory entanglement in how we experience this aesthetically. Recognizing 

digital materiality and augmented reality as sites of mediation, these environments and 

convergences of matter generate new types of artefacts, new surfaces, and new infrastructures. 

Ontologically, the nature of things in this space can be seen in the examples of artefacts that 

are generated through this mediation, which are comprised of matter that is not familiar, or 

direct simulation. The tension that arises from this mediation of visuality intersecting with 

the digital is manifested in distinctive ways. This rests on the claim that “digital remediations 

of previous ‘visual’ media and forms constitute a kind of resistance to the convergence that 

is performed within and by virtue of the digital” (Frosh & Becker, 2015, p. 2). 

Immaterial: Being Virtual

Introduction to Immaterial: Being Virtual

The final section of this contextual review follows the cloth unfolding into the virtual, to 

consider what it means for our surfaces, our bodies, our hands and our senses to interact 

in the virtual. This research draws from both theoretical and philosophical foundations of 

virtuality.  This term follows Pierre Lévy’s description of  virtuality as not the opposite of 

reality, but rather the opposite of actuality (Lévy, 1997). Deleuze (1988) discusses Bergson’s 

idea of virtuality, saying that the objective is that which has no virtuality, that “matter has 

neither virtuality nor hidden power, and that is why we can assimilate it to ‘the image’”(1988, 

p. 41).  Deleuze’s central argument in positioning the difference between an actual present 

and the virtual is to point out that in order to pass from matter to perception or from the 

objective to the subjective, it is not necessary to add anything, but rather something must be 

subtracted (Ansell-Pearson, 2005). It can be seen that virtual technologies not only simulate 

materiality and artifice, but also embed and reveal unseen latent materiality. Within this 

research project, the philosophical framings of virtuality and the unique potentials of working 

with a digital materiality are considered as they intersect, and construct the aesthetic.  The 
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project engages not only with the technological possibilities of working in virtuality and 

three-dimensionality, but the philosophical shifts possible through exploring this. 

The most visible contemporaneous exponent of the virtual is Virtual Reality. Virtual Reality 

(VR) is not an extension of cinema or 3D movies or video games. It represents something 

new and different to our previous experiences. While AR supplements reality, heightening 

a user’s perception of and interaction with the real world, VR immerses the user inside a 

simulated, synthetic environment. Film director Werner Herzog spoke in a 2016 interview 

about the unmapped experience of VR, explaining that whilst typically in the history of 

culture when new stories and narrations arise we then start to develop a tool to convey 

them. The content comes first, and then the technology follows suit (House, 2016).  The 

point Herzog makes is that in the case of virtual reality, we have invented a technology but 

we don’t have any clear idea how to fill it with content. 

The unique opportunities posed by the three-dimensional space of Motion Capture (mocap) 

became a fundamental tool within my design process.  Motion Capture cameras convert 

physical kinetic motion into digital data, through tracking retro-reflective markers attached 

to the person or object being captured. The data is represented and able to be worked with 

in full 3D representation, making this virtual program a seamless interface between actual 

and digital modalities.  This tool is relatively new in its accessibility as a research space and 

as part of artistic inquiry.  Particular examples of unconventional mocap will be discussed 

to assess the future of creative, experiential, sensory and cultural applications for this new 

technology. 

Virtuality 

The word 'virtual' is aptly, a contranym- a word that means its own opposite. Virtual 

means both 'not really existing' and 'almost the same' ((Anthony Bryant & Pollock, 2010). 

To be virtual is to be both implicit and essential. The word has resonated in relationship to 

computer software since the 1960’s, referring first to virtual memory and virtual machine. 

These understandings of the virtual were then extended into ideas about ‘virtual reality’ in 

the 1990’s, with the usage coalescing in media and forecasters proclaiming 2016 as the year 

of virtual reality (Lee & Stewart, 2016). Lévy (1997) argues that virtuality is the very dynamic 

of our real world, and is what makes the world common and shared. It can be contended that 

almost twenty years later, while the technology of virtual reality as a machine has advanced, 

the aesthetics of this are yet to be fully explored.  Lévy was not alone in his assertions; other 

early computer and media scholars critiqued virtual reality, claiming it “focuses an enormous 

apparatus on simulating the world rather than on invisibly enhancing the world that already 

exists” (Weiser, 1991, p. 94). In this there is a sense perhaps of a container without content, 

what Herzog (2016) was referring to as a virtual ambiguity, the latent empathy and new 

tactility that these new technological apparatus of virtuality could exploit to tell new stories.    

Dematerializing 

In spite of mass production and consumption, our society is often referred to as ‘dematerialized’, 

as things become more digital. Perhaps it would be more accurate to consider this state as 

translated and rematerialized, an active mediation – as the digital is not truly immaterial.  

The digital has its own specific materiality that responds to processes and user interface. Or 

as Baudrillard (2005) proposed in his theory of images, is that taken more metaphorically 

a thing is an image or a representation of the totality of images from which perception 

isolates it like a picture. What he alludes to here is that images are capable of detaching 

themselves from things and either preceding or following them. In this, Baudrillard suggests 

a way to view matter, that things have lost their solidity and have been dematerialized into 

images, reduced to their pre-given meanings. In Baudrillard's work, the image becomes 

both metaphor and a deliberate misnomer, for the end of visibility. When “everything has 

been rendered visible, nothing is visible any more and we are left with images” (Trifonova, 

2003, p. 172). Breaking down signifier from signified, clothing becomes the medium and 

the message dematerialized. 

A critical framing of exchange within this research is using virtual and digital design to 

envisage a material transfer. Technology is used as an enabler, to think through embodiment.  

Philosopher Don Ihde (1978, 2010) emphasizes that new technologies both extend and 

transform our experience of embodiment. His theories seek to expose “what is invariable 

in the way humans experience their technologies” (1993, p. 111). This thesis questions dress 
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becoming something other; a digital interface, a ubiquitous digital skin. Conceptualizing 

clothing as a transformative virtual shell allows an engagement with theorizing possibilities 

of a dematerialized fashion future. 

Virtual Environments 

Access to a mocap lab for experimental research is a situation unique to universities, 

providing researchers in virtual/digital contexts a space in which to physically interact. 

Working in this space requires multiple participants: performers, technical skills, input and 

direction. Essentially mocap is a collaborative action and space.

Within this project, mocap has been a space where I could test speculative ideas and invent 

things that don’t yet exist- it is a space free from the constraints of two dimensionality and 

gravity. Physical properties can be added to the surface and form of whatever is motion 

captured, transforming its state. Essentially, mocap is a dream space, a liminal zone that 

is the ideal site for speculative design. Motion capture is specifically used within my own 

practice as an interrogative and conceptual tool, to speculate and imagine new possibilities 

for fashion and surface. 

Lev Manovich (2006) however, claims that the binary logic of visible/invisible is no 

longer relevant with virtual environments. He describes that “the new spatial logic can be 

described using such terms as functions or fields, since from the point of view of these new 

technologies, every point in space has a particular value on a possible continuum”(2006, p. 

9). This defines space as layers of data, implicit in motion capture which records ”imagery 

consisting of data of a profilmic object’s positional change in space, rather than the data of 

the object itself” (Ng, 2012, p. 273).  In a physics of its own, the mixed reality of virtual space 

“calls for the reality of time, be it ’real-time‘ or historical, diachronic passage of time“ (de 

Kerckhove, 2011). Using the technology of Motion Capture, the moment is recorded and able 

to be duplicated, replayed, reconfigured, yet it always remains uniquely and specifically, 

that particular moment in time.  Working within the Motion Capture Lab space allows for 

whole body interaction and activation within a 3D environment. This interaction, and the 

processes of connection and translation between researcher, performer, technician, and 

programme inform the research. 

The data is transmitted across platforms from capture to processing to a 3D program, such 

as Maya.  Maya is software that provides a literal interface.  Working within Maya means 

working with specific material affordances and constraints of the machine interface, and 

imperatively- a unique sense of “physical space and material logic that emerges for artists 

who have learned to work within the medium” (Lenoir, 2002, p. 379). Casey Alt outlines 

the interface space of a 3-D object-oriented application as:

  

a haptic and affective space that requires the user to function as though he or she were 

an object in that space. Every view into a Maya scene is mediated by a camera object 

that is immersed within a complex web of interactions among all the other objects of 

the scene. Though users can move laterally among various cameras for different views 

of the object world, they are always immersed in the haptic space of the objects them-

selves. (2002, p. 416)

In other words, in contrast to more conventional modes of hierarchical top-down production, 

there is no single ‘default’ external camera from which the scene can always be holistically 

contained and objectively viewed. The program itself forces a specificity of interaction, that 

Alt described viscerally saying that “artists who use Maya must gradually learn to think Maya 

and move through Maya [emphasis in original] users must crawl inside, navigate, and inhabit 

the logic of the application’s complex interactive space” (2002, pp. 407–408).  This evocative 

description underlines an embodied haptic engagement with the creation of simulation and 

augmented surfaces. 

Unconventional Mocap 

Of particular relevance to this thesis are creative applications of motion capture that employ 

the technology in interesting ways.   These examples displace the typical motion capture 

process to generate new artworks using unconventional and experimental mocap techniques. 

These examples emphasise the potential of motion capture as an innovative artist’s tool that 

can be employed to drape, to sculpt, to carve, to draw, to extend outwards from human 
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motion, to describe artefacts and space in a different way.

Mathew Schwartz’s Sculptural Motion (2014) combined technology, sculpture, dance, and 

martial arts. Motion capture technology was used to capture and to transform motions of 

arms and legs from ballet and martial arts into three-dimensional forms. These forms were 

then 3D printed before being cast in bronze and finished. This work however, uses technology 

in a very specific way: creating sculptures out of movement, not figure. Similarly, Body cloud 

(2014) by Raphael Perret, uses Capoeira movement to create 3D printed sculptural forms. 

This artist was interested in the space of human movement, which he defines as the space a 

person appropriates by means of his or her movement, a space that is constantly expanded 

as the person moves. Both these exemplars transfer across multiple states and processes 

within their construction. Starting as a motion based capture of a body in space, gesture 

and bodily dynamic movement is recorded and transferred in 3D data. The data then goes 

through other processes to be ultimately reconfigured across states from motion, to data, 

to a tangible artefact.

Mocap is a physical 3D environment that tracks and maps motion. The motion captured can 

be extended beyond what is physically possible, with mocap data taken into 3D programs 

as information, and then used as an artistic tool. Mocap is a unique environment, in which 

humans and objects can interact and be activated physically in what becomes a digital 

space. Essentially, the aesthetics of artwork generated through mocap are characterised 

by this displacement of movement and object. Mocap “distils movement from the moving 

body” (Ng, 2012, p. 279), exposing the inherent nature of this environment as a technology 

that effaces the visual qualities of the object, and applying an isolation of movement to the 

image, so that the moving image is now “not of the audiovisual but of the kinaesthetic, with 

somewhat different accompanying sensorial constituents” (Ng, 2012, p. 279). This uniquely 

questions the nature of things, as in this mocap space, the movement is detached from the 

object, and the action rather than the object is recorded. The body is present, yet absent in 

the recordings. What is captured then, is the surface of things, their temporal and spatial 

relationship in space. This is the essence of things separated from texture, matter and mass. 

Motion capture extracts and distils the invisible from the visible.

Virtual Cloth and Cloth Simulations

Thus far the contextual review has presented the key registers of this research as physical, 

digital and virtual modalities, with associated effects and new materialities arising from the 

thresholds of intersection between these zones. The key objects or actors are acknowledged as 

cloth, body and surfaces.  These agents enact and operate within registers of physical, virtual and 

digital convergence, explicit within the threshold spaces in-between these nodes.  Within this 

thesis, these elements all come together with experiments of tracking actual cloth in Motion 

Capture. Küchler (2008) has recognized that “the materiality of fibre and the structure of fabric 

is playing an increasing role in (re)animating the material world” (2008, p. 102). Nigel Thrift 

(2005) argues that “new materials produce new surfaces, new frames produce new forms of 

calculation. New avenues for, and combinations of, the senses are called into being” (2005, p. 

232). In this he suggests that perhaps if these things could be measured, we would find more 

senses, more possibilities for thinking. Perhaps cloth in virtual space can be considered a new 

material, as it is interpreted by the mocap cameras and transmuted into a new data form. 

Essentially it becomes a template, a new mechanism changed from warp and weft to data.

Figure 17. Jane Harris, POTENTIAL BEAUTY, 2004.  
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This idea of cloth becoming a new material as it transfers into new states is evident in Jane 

Harris’s pioneering digital animation artworks that explored new conceptions of textiles in a 

digital/virtual space. Harris’s work exemplifies the expertise of a material understanding of 

cloth, shifting a maker’s tacit knowledge of construction and design into CGI.  Harris (2005) 

noted the technical challenge in portraying cloth in 3D imagery, due to the mathematical 

complexity of rendering this relationship (2005, p. 23). This is relevant in mapping actual 

cloth in virtual space, where the major difficulty in mapping the dynamics of fabric is dealing 

with the computational logistics and mathematical complexity of mapping the mutable and 

infinite movement possibilities of cloth (Scholz et al. 2005). Harris’s artworks interpret the 

tactile qualities of textile into textural animations; using body scanning and motion capture 

to reference the body in cloth simulations, seen in figure 17. These iterations emphasise a 

textile designer’s approach to virtual and digital technologies, with the materiality of the 

garments evident in graduations of texture, light and shade.

A technical research example, Modelling veil- the surface capturing textile (Masuda, Makabe, 

Nakano, & Wakita, 2014) incorporates sensors into a cloth, which is then used to mold, 

drape, and fold over objects to capture their volume. The modelling veil is completely linked 

with the 3D environment via a computer, and is activated by touch in the real world, which 

automatically becomes a 3D surface visible in the computer’s virtual environment. Whilst it 

is not capable of capturing textures or intricacies of the surface detail of an object, the textile 

captures an impression of the data and volume of an object. 

These illustrations of 3D textiles and surface-capturing veil both use 3D data captured 

in virtual spaces.  As identified in earlier discussions, while the body activates the cloth 

within this thesis and in these illustrations, the body is invisible within the data collected. 

Thrift has recognised the biological, human body as being under renovation where new 

materialities are leading to a repositioning of notions of inside and outside, so “the body 

becomes a dynamic map of socio-technical change” (Thrift, 2005, p. 247).  These new surfaces 

incorporate and embed embodied actions. Miller’s notion of ‘sapient materiality’ where both 

consciousness and cognition are “bound to the specifics of materiality rather than defined by 

their opposition to a material world” (Miller, 2005, p. 34) is highly relevant to this inquiry.  

Summary of Immaterial: Being Virtual

The virtual is introduced as a pivotal location within the practice of this research, and virtuality 

as a critical philosophical framing.  The project engages not only with the technological 

possibilities of working in 3D environments, but the conceptual shifts possible through 

examining this. While the technologies of virtual reality as apparatus has advanced, the 

aesthetics and empathic, embodied, sensorial capacities of this are yet to be fully explored. As 

a specific condition of this experience, the virtual environment constructs the aesthetic. What 

happens to the cloth in virtuality? In the exemplars given, the body is absent, yet the presence 

suggested.  This contests Ansell-Pearson's claim (2002, p. 150)  that “matter is stripped of 

virtuality, this also means that amongst the movement images of simple matter there is only 

natural necessity and mechanism”.  Motion Capture is a virtual 3D environment, used within 

this research practice as a generative base for capturing movement data for transforming 

surfaces. It is also used in an unprecedented way to track the mutable movement of cloth 

itself rather than human dynamics. This specifically unfolds the cloth properties, detaching 

the movement from the object, and highlighting the nature of an object, removed from its 

tactile dimensions of audio-visual surface.  The software used to engage with the virtual 

data, Maya, is a “haptic and affective space” (Alt, 2002), which determines our experience 

of it as subjective reality.  
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Virtual to Physical Discussion

Introduction of Virtual to Physical Discussion

In closing this chapter, the discussion of virtual to physical takes us back to the classical 

statues introduced in pp. 45-47 of this chapter. The synergy and relevance of classical statues 

to this research inquiry lies within the representational nature of material embodiment. 

Early statues incorporated cloth and drapery as key signifiers and the cloth as encoded 

expression of self. Like motion-captured objects, the cloth is captured as movement; the 

tactility is implied, yet absent. Representative perhaps of an originary Virtual Reality, 

baroque energy and hyper-lifeness was communicated through the cloth rendered 

and interpreted in marble and stone.  In Deleuzean terms, folds are "pure virtualities" 

(Deleuze, 1993, p. 24). In considering how we represent ourselves in contemporary 

virtuality, these classical statues suggest and communicate emotive narrative not seen 

nor felt in present-day avatars. In modern avatars we see ourselves reduced to caricature 

and generalisation, almost formless and faceless in a generic ambiguity.  Within software 

avatar programmes, options of physical features are limited by a general lack of diversity 

of age, race, and even gender is strongly defined as polarised binary options only. 

This poses the origins of virtuality as ancient and classical.  An instructional book on sculpting 

techniques first published in 1904, describes that “drapery is the generalisation of clothing” 

(Lanteri, 1985, p. 32). This designates the folds and undulations of cloth as compositions and 

expressions of vitality, a ‘motif of variety’ that supresses or amplifies the body and form.  

Deleuze suggests that fabric or clothing “has to free its own folds from its usual subordination 

to the finite body it covers” (1993, p. 139). As we contemplate the threshold and interface 

between virtual and physical modalities, the significance of lifeness and embodiment in 

mediated artefacts is crucial if these new articulations of transformed matter and data are 

to hold resonance. While further space for discussion of the historical aspects of drapery  is 

limited within this thesis, a comprehensive study of art history approaches to the draping 

of cloth can be read in Anne Hollander's Seeing Through Clothes (1993). 

Virtual Bodies 

Mark Hansen borrows the term ‘mixed reality’ from artists Monika Fleischmann and 

Wolfgang Strauss, to describe an emerging reimagined virtual reality that relies less on 

head-mounted displays and “disembodied transcendence” than on a fluid and functional 

crossing between virtual and physical realms. Hansen credits Fleischmann and Strauss with 

what he attributes to a position statement for the mixed reality movement as a whole, in 

saying they are “turning the theory on its head that man is losing his body to technology’  

[…] the interactive media are supporting the multisensory mechanisms of the body and 

are thus extending man’s space for play and action”(Hansen, 2006, pp. 2–3). Central to this 

reimagining of virtual reality (VR) as a mixed reality space is the consideration of the virtual 

as a space full of information and that this emerging mixed reality paradigm “foregrounds 

the constitutive or ontological role of the body in giving birth to the world” (Hansen, 2006, 

p. 5). This repositions virtual reality from what was once seen as an “empty space” (Laurel, 

1991) stating that it is not an exclusively technical/digital ecosystem, due to the functioning 

of the body that enacts upon it.

Virtual spaces have been described as disembodied and lacking a specific location, emptied 

of the differences that situated bodies bring to a sense of place. By rethinking our conception 

of the virtual as a movement that passes from the abstract incorporeal spaces of information 

to the concrete actuality of the physical body, perhaps “we can rethink the perpetual and 

aesthetic experiences of VR technologies and the sense of the virtual that is conveyed through 

digital media” (Munster, 2006, p. 17). 

Three-dimensional platforms bring us back to the body. Hansen’s (2006) ‘mixed reality’ 

is only made possible through platforms such as virtual reality, which represents a fluid, 

mutable space that combines physical and virtual space when the body enters into it.  Here, 

he is suggesting that the virtual becomes a space of information once the body enters into 

it.  Hansen argues that the Virtual Reality experience is grounded in the biological potential 

of humans. Ingrid Richardson and Carly Harper in their book, Corporeal Virtuality: The 

Impossibility of a Fleshless Ontology clarify that “it is the material body that thus permits 

the virtual; it is the necessary and essential condition of experiencing the virtual” (2001).  

Thus, we can only fully experience the virtual, that sense of "disembodied agency", because 
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[emphasis in original] we are embodied (Vasselu, 1994, p. 160). 

Embodiment provides the framework of virtual engagement - not just in the usual sense 

that we use our hands and eyes to view the screen and touch the keyboard, but also in the 

way we construct virtual bodies (such as avatars), and perceive of virtual communities as 

environments. Our embodied experiences demarcate the parameters of those perceptions 

and identities (Richardson & Harper, 2001). What we consider as the perceptual limits of 

our body needs to be rearticulated, as the definition needs expanding as the technologies 

of augmentation and virtualities extend our notions of corporeality.

 This requires a shift from thinking of the virtual as decorporealising subjectivity, toward a 

new understanding of how the body incorporates the virtual; of how the virtual becomes a 

facet of our embodiment. VR apparatus can thus be incorporated into our corporeal activities 

and projects, becoming an aspect of our phenomenological body (Richardson & Harper, 2001).  

Actualising tools as prosthesis, virtual reality tools “cease to be something that we experience 

as objects and become part of the felt structure of our embodiment” (Innis, 1984, p. 72).

Avatars and Disembodiment 

Beth Coleman (2011) examines a vital aspect of the cultural shift from analogue to digital, 

looking at the emergence of a world that is neither virtual nor real but encompasses a 

multiplicity of network amalgamations and configurations of information. She argues, “it 

is the role of the avatar to help us express our new agency, our new power to customize our 

networked life” (p. 210). Coleman defines avatars as not only the animated representations 

of humans that exist on screens but also the gestalt of images, text, and multimedia that 

constitute our online identities (Coleman, 2011).

This is apparent in the avatars of artist Claudia Hart, illustrated in her recent work, The Dolls 

(2015). The Dolls is a media ballet inspired by the philosophical idea of the 'eternal return'. 

This is the notion that history endlessly renews itself through a process of decadence, decay 

and rebirth (Silas, 2016). To embody this, Hart crafted algorithmic cycles into visual forms 

(figure 18 ) creating animated patterns that have been projection mapped onto hand-drawn 

costumes that function as movie screens for her animations. Hart’s animations take the 

form of pulsing patterns that are physically and deliberately hypnotic, as a result of their 

mathematic qualities. Bridging physical dimensions with animation and generative virtual 

patterns, Hart creates what she terms VR media and ‘mediated theatre’. She relates this to 

a highly charged liminal environment that mixes the artificial with an unpredictable sense 

of the real:

In them, we feel both real and not real at the same time. In all of my work, I collapse 

opposites: body and trace, body and ghost, body and mind. In a liminal state we can 

be alive but also not. We can embody mythological, disembodied beings existing both 

inside and outside of time.(Silas, 2016, para. 31)

Figure 18. The Dolls by Claudia Hart, performed live on May 8, 2015, Fashion Walk 2015, The School of the Art Institute of 

Chicago in Millennium Park, Chicago; Choreography: Kristina Isabelle; Projection Design: Liviu Pasare; Performers: Sarah 

Gonsiorowski, Katie Graves, Kristina Isabelle, Angela Luem, April Torneby.
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This distinction between embodiment and disembodiment is further exposed by digital 

design and animation studio Zeitguised, with their project Geist.xyz (2016). Featuring 

algorithmic design in the style of morphing fashion textiles, the animation proposes 

amorphous bodies and new textual surfaces, through making designerly patterns with 

algorithms.  The structures and textural surfaces they propose are hyperreal, and imagine 

a future in which the very clothes on our backs could be a digital canvas.  Designer Henrik 

Mauler of Zeitguised said, "we also want to see these patterns being worn, and wear them 

ourselves—even if self-transforming textiles don't exist yet to the extent that we show, we 

just simply didn't want to wait for it" (Bruney, 2016, para. 2). This illustrates a tactile and 

speculative use for motion capture and 3D modelled surfaces.

As VR technologies continue to develop, they become more accessible to wider audiences.  

Artist Jess Johnston’s recent exhibition Wurm Haus (2015) at The National Gallery of Victoria 

featured a VR centrepiece, Ixian Gate, an immersive, reality-warping space where visitors are 

Figure 19. Zeitguised, 2016 Figure 20. Jess Johnston, Ixian Gate, 2015.

invited to put on Oculus Rift virtual reality headsets and submerge themselves in Johnson’s 

360-degree, dystopic fictional world. Viewers navigate an alternate reality.

 
 “The experience is not easily described; it involves the body and how we inhabit it – or leave it. [...]   

 As viewers slip away from their physical body, their experience of Ixian Gate can become    

 disorienting; an effect Johnson is not averse to cultivating in her viewers, especially as they begin to  

 question their own perception” (Bentley, 2015, para. 8). 

This work recontextualises the body in the viewing of the artwork, and thus generates a 

slippage between the real and virtual worlds (as seen in figure 20). Similarly, musical artist 

Bjork has recently collaborated on creating 360-degree VR experiences, which allow for an 

abstracted participatory engagement, a personal concert experience for the viewer. These 

are new types of embodied experience, which represent a new immersive type of 'worlding' 

or world creation by artists.
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Summary of Virtual to Physical discussion

A pattern is emerging within sites of mediation and interfaces. With incrementally progressive 

technologies, there is a tighter pairing of the body to the interface. There is a lessening of 

sensor and display barriers, a closer linkage between operator and software. Moreover, as 

Biocca underscores, “the body is becoming present in both physical space and cyberspace. 

The interface is adapting to the body; the body is adapting to the interface” (Biocca, 1997, 

p. 1). Critically, the condition of this mediated virtual experience is a reciprocal interface 

loop, a new becoming, as the fold loops back on itself, and the body itself is in flux.  In 

these new positionings of self in virtual realms, we have to fabricate ourselves in mental 

picturing, “using the same neural pathways that create material sensory perception” (Bruno, 

2003, p. 122). Media use, as argued by Marshall McLuhan and other theorists, changes the 

user. With each advance and each increase in automation, simulation, and transmission, 

we discover not only new technologies but crucially “new ways by which we extend our 

presence” (Coleman, 2011, p. 64).  One can identify and recognize the interface of a medium 

or technology on different levels. Additionally, the experience and understanding of these 

interfaces is directly influenced by materiality and embodiment, through the tactility and 

actuality of the different parts we engage with. Michael Heim proposes deepening the 

boundaries of the interface claiming that “the interface is more than mechanical; it is a psychic 

environment” (Heim, 1994, p. 116). In considering the threshold and interface between 

virtual and physical modalities, the significance of lifeness and embodiment in mediated 

artefacts proposes a convincing expression of tactility, suggesting the fundamental nature 

of artefacts and bodies in this space.

Conclusion of Contextual Review
 

Fashion is an interface. Recent technological advances shift what was thought as binary. The 

dominance of traditional structures of fabric woven from warp and weft yarns has diminished 

in recent years, as technological advances enable new fabrications that are melded, blended, 

felted, bonded, integrated, and activated. So too notions of binary in viewing fashion through 

dichotomies of subject/object, signifier/signified, have shifted. Digital theorists discuss the 

changing nature of materiality, with new infrastructures questioning what is inside and 

what is outside (Thrift, 2005; Weiss et al., 2014). The new physical-digital surfaces discussed 

in this paper are mediated interfaces, which draw from both simulation and actuality to 

explore a new materiality.

This research discusses methods of fashion design and making employed as an approach 

to navigate the hybrid digital-physical environment and to consider potential ways of 

entwining our digital virtual selves and future surfaces. Through design research, virtual 

contexts and digital media tools are used to question perceived notions of textile, surface 

and body. The resultant speculative propositions expand the ontological positioning and 

prospects for surfaces. Through locating this design practice in an inter-disciplinary context, 

new forms and materials are explored through an engagement with textiles from process, 

aesthetic, conceptual and performative perspectives. 

This contextual review brings together theoretical and philosophical ideas about enmeshed 

new states of being multimodal, about the thresholds, liminal spaces that represent and 

delineate mediation between different modalities.  Interface as objects; screens, surfaces, and 

interface as fashion itself are examined, but the real emphasis is on the processes, activity and 

constitution of interfaces. This discussion considers the new perceptual and sensorial realities 

that are the effects of interface and bring about liminal transformations in material states.

Situated in an interdisciplinary space, this research draws from fashion design  knowledge, 

digital media theory, embodiment and anthropological concepts, to question cloth as it 

transfers across states, unfolding its ontological nature, and relating to the human being in 

technology, the repositioned body in digitality and virtuality.
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Chapter Three 
Methodology
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Introduction to Methodology

This chapter discusses the methodological framings and processes that have guided the 

development of this project. The research is positioned as a speculative practice, and the 

methodology is influenced by the interdisciplinary nature of the inquiry. Key methodological 

approaches of bricolage, speculative approach and indiscipline are discussed. Processes 

such as hacking, digital making, sensory engagement, embodiment and performativity are 

considered as they form central methods. Practical, creative explorations are fundamental 

to this thesis. They have emerged responsively and intersect thinking in and through theory, 

materials and processes of making.

 Within this research practice, the ontology of the cloth is unfurled through a transfer 

of states revealing its material nature. This work has been prompted by enmeshed and 

interwoven conceptual and philosophical framings through a series of practical experiments. 

The methodological discussion presented in this chapter unravels the various threads of 

method and approach, recognizing selected strands that metaphorically weave together the 

methodological perspective and the way that the thesis has been realised.

Drawing from Ingold’s writing about threads, the strands that follow the modality states of 

physical, digital and virtual bind this research practice and are identified below. ‘Following the 

materials’, or rather following the thread as it transfers across these states, traces this conversion.

Adding to Ingold’s expression of a thread is a further definition and interpretation of thread 

as a course, a direction, a motif, story line, train of thought.  As such, the methodological 

framing follows the filament of thread along sometimes meandering pathways that connect 

"A thread is a filament of some kind, which may be entangled with other threads or 

suspended between points in three-dimensional space. At relatively microscopic level 

threads have surfaces; however, they are not drawn on surfaces. Here are some common 

examples: a ball of wool, a skein of yarn, a necklace, a cat’s cradle, a hammock, a fish-

ing-net, a ship’s rigging, a washing line, a plumb-line, an electrical circuit, telephone 

lines, violin strings, the barbed-wire fence, the tightrope, the suspension bridge. These 

are all fashioned in one way or another by human hands"

 (Ingold, 2007a, p. 54).

into a cohesive meshwork. The practical work engages recursively with the theory and 

literature across the interlinked realms of physical, digital and virtual.  For this thesis the 

idea of threads has helped articulate a methodological process that allows a pathway through 

contexts, the practical work and informs the theoretical framings. All these threads form a 

web, an assemblage of informing perspectives that are gathered to give form to this thesis. 

Deleuze and Guattari’s (1988) concept of assemblage is visualised as a constellation, made up 

of imaginative contingent articulations among myriad heterogeneous elements. In this sense, 

assemblage  offers possibilities as a means of thinking through "the meetings of bodies and 

technologies beyond binary oppositions" (Currier, 2003, p. 321).  These ‘threads of practice‘ 

are teased out within this writing to make sense of the multiplicity of informing parts, the 

ontological unravelling of essential attributes, properties, and relationships revealed in the 

unfolding of the cloth. 

This discussion provides an overview of a process that emerged from reimagining textile 

Figure 21. Following the thread, M Smitheram, 2016
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and fashion surfaces with digital and three-dimensional (3D) methods. This is a speculative 

artistic research approach, whereby speculation is signalled as an epistemological practice. 

Speculation functions as a means to create, reimagine, and design alternative potential 

scenarios. As such, speculation can help predict and simultaneously produce alternative 

realities. A speculative approach is emphasised in the creative processes such as designing, 

simulating, and experimenting with unconventional transferences of realities and states of 

physical, digital and virtual, and within the specific temporality of speculative operations 

in the virtual and digital.

This process integrates transference from physical to digital design, incorporating the 

researcher’s fashion perspective and drawing from theories of embodiment (Biocca, 1997; 

Hansen, 2006; Hayles, 1999; Ihde, 2010; Munster, 2006; Richardson & Harper, 2001).  In 

particular key insights are drawn from the comparisons of material knowledge across 

different states. This transference across states has required an interdisciplinary approach, 

which is driven from the perspective of a material fashion practitioner. Examining the design 

process in depth, the research utilises a hybrid methodology from the merging of physical 

ontologies and haptic approaches with digital/virtual materials and understandings. 

The creative experiments and processes of making are underscored by a coupled questioning 

of ontology and aesthetics. The creative practice is used to consider the aesthetics of the cloth, 

observing and questioning what happens to the cloth in these various states. A number of 

questions therefore underlie this practice. What are the physical properties and experience 

of cloth, and what happens to this when the cloth is transferred into a digital state?  What 

happens to the cloth and the body in virtuality, what is observable, palpable and experienced 

when the matter is stripped away? (Deleuze, 2004).  These questions throughout the processes 

are used to assess and understand the work. By centralising speculative questions that 

address our understanding of materiality in different states, the research is extended and 

explored through speculative design processes re-imagining skin as a conceptual material 

interface.  The project engages and contributes to the emergent discourse on fashion futures.

Situated in an interdisciplinary space this research is led by practice, and draws from fashion 

ideas and digital media theory, including concepts of virtuality and embodiment, to question 

the relationship of the human to technology, the repositioned body in digitality.

  The creative practice involves material transferences across different states and interfaces, 

with different languages and indeed, different understandings of what material is within 

these interconnected domains. 

The creative practice has moved through five stages, visualised in the diagram on the 

following page (figure 22). 

• Stage 1. Design Inception/Data Generation; 

• Stage 2. Design Corruption/Data Disruption; 

• Stage 3. Sequence Selection;

• Stage 4. Rendering/ Outputs;

• Stage 5. Formatting final artefact. 

These stages shift across the processes of digital, physical and virtual. This process is 

examined in more detail in the discussion in Chapter Four.

Discussion of Methodological Strands

The project foregrounds the potential of knowledge gained through integrating new 

technologies and new media with speculative making and fashion and textile techniques 

and methods. Whilst this practice-led inquiry centralizes fashion and textile approaches to 

digital/virtual disciplines, there is a distinct hybrid methodological approach, rather than 

an explicit fashion design methodology followed. It is vital to clarify this perspective, and 

to elucidate the points of connection and departure from fashion design methodologies. 

This is not Fashion Theory

Fashion is characterized both by temporality and ephemerality. This inherent mutability 

makes it difficult to define and to research. Baudrillard (1990) points out fashion’s integral 

ambiguity, obscuring the body, continuously adjusting to reality but remaining an enigma. 

Fashion, seen as 'dress' is diminished by a binary perspective that relies on an out-dated and 

gendered notion of the Cartesian mind/body split which tacitly locates all things feminine 

(like fashion) on the side of the body whilst claiming the mind as the province of masculinity 
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Figure 22. Digital, physical and virtual processes diagram, M Smitheram, 2016

In spite of being ephemeral, “it is indexed in material forms” (Woodward & Fisher, 2014, p. 3).

Nevertheless, literature on fashion as dress fails in the most part to engage in any depth with 

the materiality of clothing itself, focusing generally on fashion as a system and symbolism 

(Barthes, 1983; Simmel, 1957). Fashion is a commercial industry manufacturing and selling 

material commodities, “a socio-cultural force bound up with the dynamics of modernity and 

post-modernity; an intangible system of signification. It is thus made of things and signs, as 

well as individual and collective agents, which all coalesce through practices of production, 

consumption, distribution and representation” (Smelik & Rocamora, 2015). The dominant 

approach has been evaluation of fashion as a system of meaning that is subject to semantic 

analysis following Barthes (1983), whereby the meanings of fashions are ‘decoded’. As a 

method, this has been applied to both singular items of clothing and broader trends. But as 

Barthes noted, it is problematic to apply semiotic approaches to concrete items of clothing. 

This is because such tactics seem “to deny the very material stuff of fashion if the relationship 

between signifier and signified is random and meaning arises from free-floating signifiers” 

(Woodward & Fisher, 2014, p.3), described as signifiers without referents. 

As such, fashion as a discipline could be regarded as interdisciplinary, stemming from 

fashion’s engagement with a range of cultural and social debates “incorporating problems 

of identity, the body, gender and appearance” (Breward, 1995, p. 2).  Woodward and Fisher 

(2014) discuss representation, arguing “if clothing ‘represents’ a fashion, a person or an 

association such as femininity, then the materiality within these modes of thinking is not 

relevant but merely an arbitrary means of representation” (2014, p. 3). Sawchuk  (2007) 

followed Baudrillard in questioning the ambiguity of the constitution of the field of fashion. 

Sawchuk argued that fashion is

a phenomenon which threatens the very stability of segregated zones: man/woman, 

subject/object, the personal/political, reality/ illusion. The body, lying in both the realm 

of the public and private, is a metaphor for the essential instability of objects in their 

relationship to each other. Like a fence, or the bar between signified and signifier, it is 

bound to both, but the property of neither. (2007, p. 476).  

The discipline of fashion is under-theorized as dress and materiality, and and consistently 

over-abstracted as a system of analysis. As a largely ‘feminised’ industry, female garment 

workers and consumers dominate both sides of the production and consumption divide. 
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(Pham, 2012). The pervasiveness of fashion anti-intellectualism has led cultural theorist 

Angela McRobbie to observe that fashion “sometimes lets itself down and colludes in its own 

trivialization” (2002, p. 55).  The problematic theorization of contemporary fashion lies in 

the divide between its practice and its theory, with fashion academics largely divorced from 

industry, and industry preoccupied with fast fashion rather than self-analysis. Processes of 

industry and making such as tactile measurements and tacit understandings of materiality 

are not valued as contextual informing behaviour and information. These particular traits of 

tactile evaluation, such as feeling ‘the hand of the cloth’ are emphasised within the creative 

practice of this research. 

When we consider the body in technology, we need to think the body anew. Indeed we 

have a unique unprecedented opportunity to engage with what it is to ‘be’ and what 

enclothed cognition can represent. Constructs of identity, gender, culture, body shape, 

and even composition are superfluous in disembodied virtual environments. The future 

role of fashion, despite its current marginalized status in contemporary critical theory, 

cannot be disregarded as it directly relates to complex societal and theatrical concepts of 

performativity. The increasing growth of virtual environments generates new settings, 

characters, surfaces, and avatars, which the appearance and design of needs close attention. 

This refashioning of the self needs to go beyond just “challenging digital transformation 

of the materiality of the body to provoke a new language through which discrete 

representations of the body can be generated and re-invented” (Birringer & Danjoux, 2006, 

p. 42).  This is design of new interfaces of the self, extending our surfaces and ideas of 

typical physical fashion surfaces into new speculative potentialities of the body in digitality.  

Indiscipline and Interstitial Design 

There is neither an established nor compatible fashion theory discipline that aligns with the 

focus of this research and the fluidity of methodology and relocation of practice into digital/

virtual environments. Fashion as a research field generally borrows its methodological 

framing from design, anthropology, sociology, art history, systems theory, object based 

analysis and more recently, material culture. Coming from a fashion design perspective 

with an understanding of materials, but not following fashion research framings or typical 

fashion processes, this work can best be described as interdisciplinary, as it does not clearly 

sit within the boundaries of one discipline or approach. The term interdisciplinary is only 

loosely defined and has no single meaning (Andre, 2003), and is not to be understood as 

a discipline itself. Mitchell (1995) has suggested that the term ‘interdisciplinary’ emerged 

initially to describe politically or theoretically adventurous work such as feminism, new 

media and mass culture. He charges, that whilst this term played its function of lending a 

professional respectability to these emerging areas, that now however, ‘interdisciplinary’ 

has become tame and uninteresting. Mitchell advocates instead for reclaiming the forms of 

‘indiscipline’ implied by this term, the “turbulence or incoherence at the inner and outer 

boundaries of disciplines. If a discipline is a way of insuring the continuity of a set of 

collective practices (technical, social, professional, etc.) 'indiscipline' is a moment of breakage 

or rupture" (Mitchell, 1995, p. 541). 

Fashion then, informs my perspective as a designer/researcher, in particular through 

understanding of materials, but fashion theory (by this I mean semiotic understandings of 

dress as representational), does not inform the methodological approach to this research. 

The thesis can best be described as following the ‘indiscipline’ of interdisciplinarity and 

adopts what could be described as an ‘interstitial design process’, situated as it is in-between 

disciplines, in-between modalities, and concerned with surface and its associated interfaces 

and liminal thresholds.  

Bricolage

Kincheloe argues that research bricoleurs recognize the limitations of a single method and 

the discursive confines of a singular disciplinary approach. Such bricoleurs engage “not only 

with multiple methods of inquiry but with diverse theoretical and philosophical notions of 

the various elements encountered in the research act” (Kincheloe, 2001, p. 682). Bricolage, 

as a methodological approach connects to the project through interdisciplinarity.  The term 

is borrowed from the French verb bricoler, meaning, ‘fiddle, tinker’ and, by extension, “to 

make creative and resourceful use of whatever materials are at hand regardless of their 

original purpose” (Hillmer, 2009, p. 41). Bricolage is used across many fields and disciplines. 

Lévi-Strauss (1966) recognised that  “the bricoleur is adept at performing a large number 
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of diverse tasks; but, unlike the engineer, he does not subordinate each of them to the 

availability of raw materials and tools conceived and procured for the purpose of the project. 

His universe of instruments is closed and the rules of his game are always to make do with 

whatever ‘is at hand’, that is to say with a set of tools and materials that is always finite and 

also heterogeneous” (Lévi-Strauss, 1966, p. 17).  This project takes a philosophical view of 

bricolage, where theoretically it intersects the thinking; and as creative process, where it is 

strategically aligned with methods of collage, assemblage and remediation.  As we move 

increasingly  into new mediated spaces, new means of working within these are needed, 

and adaptable and flexible methods to enter these spaces. Turkle suggested “bricoleurs 

approach problem solving by entering into a relationship with their work materials that 

has more the flavour of a conversation than a monologue” (Turkle, 1995, pp. 51–52). This 

describes a bricolage approach as rooted in the dialogue between an artist and their tools, 

a recursive and responsive process.

Joe Kincheloe’s (2001) version of a contemporary bricoleur expands on these definitions. 

The “bricoleur looks for not yet imagined tools, fashioning them with not yet imagined 

connections. This handyman is searching for the nodes, the nexuses, the linkages, the 

interconnections, the fragile bonds between disciplines, between bodies of knowledge, 

between knowing and understanding ourselves”(Lincoln, 2001, pp. 693–4).  Within this 

thesis, the linkages have been identified, charted, and defined; evidenced through visual 

and verbal bridging between disciplines. Diagrammatical understandings such as figure 

22, and discourse with digital collaborators is highlighted in order to connect linguistically 

and paradigmatically across disciplines. 

In line with Kincheloe’s assertion that research bricoleurs chart historical and contextual 

frameworks of the disciplines they intersect with (2001), diagrams were developed during 

the thesis as a type of shorthand to chart evolutions of ideas in digital/virtual fields (for 

example, figure 23) in order to identify the connections and flows of key arguments. 

Figures 22 and 23 exemplify the tracing of threads of connection across and within disciplines, 

in order to more precisely locate them within this project.  Kincheloe (2001) in particular, 

talks about the development of conceptual tools as a key aspect of ’doing bricolage’, in order 

to detail and collate literature, knowledge produced within an area, and contemporary 

Figure 23. Mediation Disambiguation, M Smitheram, 2016.
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Figure 24. Pinterest board, M Smitheram, 2014

  

currents within the discipline that the researcher crosses into.  Whilst diagrammatic images 

have served as a visualisation of locating key interdisciplinary arguments for my own 

understanding, online grouping mechanisms such as Pinterest have provided methods to 

visually chart aesthetic and artistic knowledge production in other fields. Using narrow 

groupings, ‘pinboards’ were created (such as figures 24 & 25) to collate examples and chart 

linkages of relevant artistic works in other fields.

The Lexicon of Cloth Dynamics illustrates a further example of charting contextual frameworks. 

The lexicon can be viewed in Appendix One, and is discussed in Chapter Four. The lexicon 

is a visual taxonomy of cloth properties; a sequence of short vignettes that document one 

isolated cloth movement from beginning to end. The iterations were developed from 

capturing physical cloth movement in Motion Capture. Methodologically, the Lexicon of 

Cloth Dynamics represents a process of reflection and formalising analysis.

Speculative Research 

The approach to new materials and hybrid environments as a fashion designer that 

underpins the project, foreground the potential of knowledge gained through integrating 

new technologies and digital media with speculative acts of making and traditional textile 

techniques. A designer/researcher’s perspective contributes to a growing movement of 

fashion researchers addressing the definition of a particular fashion methodology and 

approach (Bye, 2010; Eckert & Stacey, 2001; Finn, 2014). Fashion academic Angela Finn 

(2014) scoped the field of fashion’s fissured methodologies and suggested that  ‘practitioner 

research’ as “research that utilises creative practice as the main method of inquiry” (Finn, 

2014, p. 13) can operate as a foundation for emergent fashion practices that engage with 

making, placing emphasis on creative practice that utilise tacit knowledge. 

The research takes a speculative artistic research approach, whereby creative practice and 

outcomes are not only the results of the research, but also “the methodological vehicle, as 

the research unfolds in and through the acts of creating and performing” (Borgdorff, H, 

2011, p. 46). As the approach is speculative and explores potential fashion futures it can be 

Figure 25. Pinterest board, M Smitheram, 2014
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seen as both a matter of investigating and “presenting unknown possibilities”(von Busch, 

2008). The speculative framing of this project has a synergistic relationship to developing 

and engaging with possible futures through making, in a type of relationship that has been 

described as developing discourse as surfaces in textual matter (Krippendorff, 2005). 

 

Enlightenment philosopher Diderot considered that “it is evident that every art has its 

speculative and its practical aspect: the former consists in knowing the principles of an art, 

without their being applied, the latter in their habitual and unthinking application”(Diderot, 

1751). By this he argued that speculation is central to art practices, and that to have thorough 

knowledge of the speculative aspects of an art one needs to be proficient in its practice. 

Within this research, the practices of the designer’s hand and eye are extended by speculation 

within new contexts. Diderot stated “in every art there are many particulars concerning its 

material, its instruments, and its application which can only be learned through practice. 

It is the function of practice to present difficulties and phenomena, while speculation must 

explain the phenomena and solve the difficulties” (Diderot, 1751). By speculating on fashion 

futures in particular, this research challenges the designer’s tacit knowledge of traditional 

surface design and materiality through new material knowledge gained from experimental 

3D practice. 

It is intended that this speculative project will provide greater insights into new methods and 

approaches for emerging researchers in fashion, and contribute to the discourse on media 

practices and aesthetics from a different disciplinary perspective. The methods used in this 

project interrogate ways that cloth and surface can be re-imagined through the intersection 

of making in a digital or virtual 3D realm. Visualisation tools such as Motion Capture and 

3D modelling are employed to investigate material structure and cloth dynamics in a virtual 

space, and combined with digital textile design techniques to produce new surfaces. This 

approach explores how digital imaging techniques and digital culture might inform the 

design of future fashion and fabrication concepts. The thesis investigates the development 

of a designer’s research made explicit through documentation of process and a discussion 

of methods as they intersect with theoretical underpinnings.

To relate this back to thinking our bodies anew, in new mixed reality spaces, in cyberspace, 

Krippendorff (2010) reminds us that cyberspace (as the space of the digital) represents 

the human collective ability to articulate possibilities in which technological artefacts are 

designed, used and conceptualised. This posits cyberspace as a speculative zone, a place 

ideal to explore and present unknown possibilities.

Discussion of Methodological Processes 

The study of materiality within digital and virtual contexts is acknowledged as an emergent 

field (Bratteteig, 2010; Leonardi, 2010; Reichert & Richterich, 2015; van den Boomen, 2009), 

and the approach to this project has necessarily been reflexive. Developing this process 

mirrors some of the implicit dysfunctions of programming: hacking and glitching. These 

processes rely on recognising flaws or provoking them, by corrupting or bending the existing 

functionality, or tactically exploiting systems. Methodologically, this points towards an 

active search for moments of breakage and rupture in discipline (Mitchell, 1995), and an 

extrapolation from a point of fissure to generate new designs. Hacking then, is a form of 

literal bricolage, both a methodological approach and a strategic tool of visual remediation 

within the creative practice.

Hybrid, Hacked and Glitched 

Otto von Busch (2009) relates hacking to his approach to fashion, suggesting we can 

understand the alchemy of fashion as a technology of code, which by hacking can be changed 

to intensify the technologies of the self. Through this, von Busch proposes fashion could 

be reverse engineered, to expand the realm of fashion beyond the catwalk.  Within this 

research hacking and glitching as methods that actively disrupt matter and process have 

been adopted to navigate hybrid environments and provoke innovation within an entwining 

of our digital selves and future surfaces.  Glitch has been described as “a (actual and/or 

simulated) break from an expected or conventional flow of information or meaning within 

(digital) communication systems that results in a perceived accident or error” (Menkman, 

2011, p. 9). This definition emphasizes the moment of breakage or malfunction as something 
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that extends the glitch beyond the technical and into the experiential.  The glitch appears 

in the cracks.  Glitching represents both cultural and technical disruption. Within the 

processes of generating textile and texture surfaces in this project, remediation methods, 

more commonly associated with digital media production, are emphasised. Glitches, mash-

ups and cut ‘n’ paste methods are inherent to digital processes and digital imaging. The 

remediation process, whereby new media is made from collaging, morphing and layering 

forms of the old (Bolter & Grusin, 2000) defines this approach. 

Another form of glitch within the technological system is ‘noise’ in motion capture. Noise 

is registered in mocap as a visual glitch, caused by data disruption when there is occlusion 

or collision of markers as movement is processed. Typically, “a glitch is undesirable because 

it decreases the usability of the capture” (Miller, 2015, p. 128). In this thesis however, ‘noise’ 

is hacked and incorporated into the visual aesthetic, tactically exploiting the mistakes that 

occur during a capture, expressing what Miller denotes as a “collaboration between the 

artist and the system” (2015, p. 128).

As discussed previously in Chapter Two, p. 65, remediation as a digital process also 

reveals the potential of the digital for endlessly regenerated imagery and iterative idea 

development, with both design and process creating a palimpsest surface. Remediated 

digital imagery builds up a layered patina from data, process and code. Such methods of 

digital remediation influence the outcomes of making, and provide a new perspective that 

hacks traditional notions of surface as inert. The resulting surfaces morph and shift, a result 

of the hybrid environment. Fashion constructs of dress and notions of surface as constant 

and fixed are hijacked by these approaches through digital remediation and virtual hacks. 

This research project engages with the code of fashion through encoded virtual and digital 

surfaces, interrogating the potential of future fashion surfaces.  The remediation is not just 

between technical processes and code, but also between the human-machine interactions 

of programming, as seen in examples of digital surface iterations (pp. 140-144). Hacking 

and glitching are speculative design processes, as the results are unpredictable, used here 

to re-imagine textile as a conceptual material interface. 

 

Digital Making 

 

The role of the researcher as a designer and maker informs an engagement and interaction 

within digital programs and virtual spaces. Haptic and tactile experiential methods have 

driven the practical and creative experiments. A speculative methodology that draws 

upon interdisciplinary creative methods engages this research with the uncovering of 

imaginative potentials of fashion and textile processes. The design process itself utilizes 

fashion techniques such as draping, folding, and wrapping but further exploits the material’s 

inherent properties through combining digital processes with tactile strategies. The potential 

of digital technologies to explore new cultures of fashion were investigated through the 

material processes of designing in this project.

Experimental research into physical-to-digital interfaces offers the opportunity to shift 

focus from industrial modes of production to innovative and engineered notions of what 

fashion could be. The project therefore draws from the prevalent nature and properties 

of textiles to consider the potential of new materials, new ways of approaching materials 

and possibilities for new hybrid surfaces. Foregrounded is the designer/researcher’s 

perspective of experimenting by interrogating the properties of materials and digital tools, 

with the aim of intertwining the authenticity of the hand into what is made. Human-centric 

and analogue methods of making “are informing digital creation, which in some cases 

is softening a prevalent signature aesthetic evidenced in the use of computer fabrication 

processes” (Harris, 2012, p. 91). This approach to making through digital processes stresses 

the “significance of the role of the body in culture, and more particularly the significance of 

the hand in making culture” (Pajaczkowska, 2010, p. 134).

In engaging with new concepts of a dematerialised fashion future, this research adopted a 

different set of tools rather than those traditional in fashion design. Generally, motion capture 

is used to record human movement. Within this research this purpose has been extended to 

examine and map the relationship between the wearer and the material. Explorations of the 

dynamics of cloth interaction are combined with computer-generated imagery (CGI) to develop 

representation of characters, and digital textile design processes are applied to create transforming 

surface renderings. The initial aim of engaging with the mocap environment was to enable 

experimentation with undoing form through a material transference from actual to virtual. 
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Working in this modality, outside of more traditional tools, had both theoretical and aesthetic 

implications, which led to emergent aims and a re-examination of linkage between artefact, 

body and technology.  Working collaboratively with a mocap technician and a digital 

designer led to the development of commonalities of language and understanding across 

disciplines. In a motion capture space gestures and bodily interaction from the designer/

researcher demonstrated material qualities. Technical understandings were gained through 

questioning, researching, and developing visual aids such as figure 26 & 27. These diagrams 

were developed to chart both a typical pipeline in motion capture and the unique pipeline 

adopted throughout this research for unconventional motion capture of cloth. 

Figure 26. Typical AUT Mocap Pipeline, M Smitheram, 2014 Figure 27. Cloth Mocap Pipeline, M Smitheram, 2014
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Motion Capture Environment 

Access to a mocap lab for experimental research is a situation unique in its agenda to 

universities, providing researchers in virtual/digital contexts a space in which to physically 

map interaction. Within this thesis, mocap has become a space to test speculative ideas and 

invent things that don’t yet exist. It is a space free from the constraints of two-dimensionality 

and gravity. Physical properties can be added to the surface and form of whatever is motion 

captured, transforming its state. Motion capture can be regarded as a dream space, a liminal 

zone that is the ideal site for speculative design. Motion capture is specifically used within this 

research as an interrogative and conceptual tool, to speculate and imagine new possibilities 

for fashion and surface.

Motion capture technology is specifically designed for time-based 3D recreation of movement 

and motion dynamics. To date, research and commercial use has largely focused on efficient 

capture of human movement, with some extensions into animal motion capture. This thesis 

asked what if this method of capturing kinetic nuance is extended into other, perhaps 

inanimate, objects?  While mocap of human motion allows gesture and expression of human 

movement to be interpreted as qualities of corporeal interaction, what changes by using 

the body as an intermediary rather than the focus in motion capture? Within this project, 

a focal point of experimentation has been capturing data from the dynamics of the cloth 

itself in the Motion Capture Lab, as it is draped, billowed, flung and encountered by bodies, 

which are not tracked by the cameras. The resulting data suggests that we can still perceive 

the body, as a resonating and unseen force that propels or initiates the specific motion and 

evokes the materiality of the object. 

Within the practices of making in this research, the motion capture space is the ‘stage’ upon 

which the actor performs and enacts. Creation within the Motion Capture Lab relies on the 

relationship and connection between the researcher, the performer, the technician, and the 

software itself. The human agency within this space is prescribed however, by non-human 

agency of technical apparatus and software functionality. This environment provides a 

unique opportunity to engage haptically and heuristically and with full-bodied interaction 

within a virtual 3D space, that is simultaneously a physical space. The idea of the agency 

within the digital and the virtual is discussed further in Chapter Two, pp. 39-40. 

During the capture and investigation of concepts of the actual in the virtual, the consideration 

arose of the new materiality of the object in space, and how to quantify it. Investigating 

cloth dynamics and material properties in a virtual mocap space introduced a conceptual 

and philosophical questioning of the digital self.  How are human beings interpreted and 

represented within the data?  For a designer and maker this approach to motion capture has 

been experiential and performative as opposed to technical or computational in approach. 

Motion capture investigations were conducted in this research with the technical support 

of digital designer Gregory Bennett and Motion Capture technician Javier Estevez. Working 

in collaborative ways with the mocap technician and a digital designer was conducive to an 

experimental approach, through trialling interactions with material the cloth is embodied, 

activated by movements of the body in motion capture.  

The body or surface is mapped by retro reflective markers, which are then recorded by 

the twenty-six cameras in the Motion Capture Lab. The motion capture program, Cortex 

records the relationship and unique dynamics of motion between these points. This means 

that occlusion of markers results in a ‘broken’ map or confusion within the program as the 

software can fail to recognise markers if they are caught in folds or obscured. Some ‘clean-up’ 

of occluded markers is possible by the technician after the range of motion is captured, but 

this is not optimal as a technical requirement.

Consequently, this has dictated a choice of either performing in a certain way that the 

software requires, or deliberately activating the limitations of the software by allowing the 

‘actor’ (performer or cloth tracked by the mocap cameras) agency, and then addressing the 

‘broken’ or occluded marker sets as a deliberate strategy.  Post-production, this ‘break’ in 

the data causes issues that are difficult to rectify. This has resulted in a tenuous relationship 

in flux between the non-human agency of the technology and software, and the human 

agency of the performer, technician, and researcher/designer. 

The language used to communicate during this process crossed disciplines and was driven 

by the researcher’s language of material and surface. The physicality of the performer’s 

movements in space and temporality are led by the researcher’s direction. The technician 

instructs the program to interpret and record the motion and sequence within 3D space as 

points of light in space.
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With the shift in environment of the research from actual to the virtual through experimentation 

in mocap, physical materials began to reveal different properties within a digital materiality.  

Observing these changes led to a questioning of how binary representations might take 

on a new form, and what the implications to this project could be in order to challenge 

design possibilities that were previously available to me as designer and maker.  Increasing 

advances in interactions hybridizing the body and technology have highlighted the need 

for reassessment of human-computer interaction (Shan, Visentin, & Harnett, 2010) and 

foreground this still largely unexplored terrain of embodied digital experience from the 

perspective of a fashion designer/researcher. 

Sensory engagement

This research methodology centralises a materialist approach stemming from my fashion 

design background, whereby the creative process and design unfurls from touch and 

interactions with the material, be it the physical cloth or the digital matter. In fashion 

and textile practice, the ‘hand of the cloth’ describes the touch of hand to a fabric and 

the consequent material evaluations of weight, structure, fabrication, texture, drape and 

stretch. This tactile and tacit measurement is little discussed within research and not widely 

articulated (a notable exception is the research developing a synthetic evaluation system 

for assessing the hand of a cloth (Lee et al., 2007), which is discussed further on p. 49) yet 

it is one of the first gauges of encounter with fabric and dictates design possibilities and 

potential applications. This, it is proposed, is the implicit language of the cloth.  Not a rustle, 

nor a flutter, not a flouncing nor a reverberating flap, but the silent narrative of possibilities 

each cloth has to tell. 

Within new mixed reality environments of this project, consideration is given to whether 

there might be a ‘hand of the digital’ and what the aesthetic implications may be from 

engaging with the material properties of the digital itself. As discussed previously in Chapter 

Two pp. 24-25, the recent ‘sensory turn’ within digital media intimates a new agenda and 

new opportunities for identifying and engaging with somatic interactions in digital/virtual 

arenas. These form layers of interactivity for the body within digitality and virtuality, and 

include kinetic, sensorial and perceptual connections. 

The connection between our bodies, their soft and hard surfaces, and the environment 

surrounding them is positioned in this research as a mutually informative relationship, and 

concepts of embodiment underscore this perspective. 

The previous chapter elaborated on an approach through ‘following the materials’ and 

material properties, drawing from the processes and engagement of the senses. Through this, 

the particular ontology of the cloth is unfolded via transference across modalities of physical, 

digital and virtual states revealing its material nature. Bridging the division between physical 

and digital means not only crafting metaphorical relations or enabling analogue versions 

of digital, but rather, approaching this new design space as an opportunity to imagine new 

materials and relations between materials from various possibilities of complexity and scale.

Embodiment, Performativity and Gesture

As a designer and maker an approach to motion capture is adopted that is experiential 

and performative. By integrating a researcher’s/designer’s tacit knowledge of traditional 

surface design techniques and material knowledge with experimental modes of thinking, 

the project traces a speculative path linking artisanal and applied techniques in a digitally 

augmented world. 

This project is exploratory, and the findings are drawn to the surface through the processes 

of creative practice and through engagement with theory. The experiments that form the 

creative practice question how knowledge gained through experimental surface design 

practice and material exploration can be applied to new materials, material systems and 

processes to produce a deeper engagement of materiality. 

The work is navigated by thinking in and through the material itself, which has allowed the 

investigation to prompt and explore emergent aims. The speculative experiments began in 

motion capture initially as a vehicle for imagining what a different fashion future could look 

like. However, during the processes of making, questions arose about the relationship of 

material to body and how this can be mediated through both analogue and virtual channels.
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As part of a dialogical process, diagrams such as figure 28  were developed to directlycompare 

and contrast digital and physical representations. These diagrams visually document 

interdisciplinary conversations, developing shared frames of references.  

The development of conceptual tools for bringing together diverse disciplinary domains 

has been imperative within this project, and a kind of hypertextual dialogue has provided a 

conceptual tool for bringing together research methods, connective insights and knowledge 

across fields. 

Figure 28. Key comparisons between simulated dress and physical dress, M Smitheram, 2015

Summary of Methodology

This work has been prompted by enmeshed conceptual and philosophical framings through 

creative experiments. This methodological discussion is an attempt to unravel the various 

threads of method and approaches, recognizing the particularly chosen strands that weave 

together the methodological perspective.

Using hybrid research methodologies, and drawing upon mixed creative methods this 

research project attempts to engage with the uncovering of imaginative potentials of fashion 

and textile processes within a new context. The methodology centred on incorporating a 

fashion design approach to using digital tools and techniques in creating virtual future fashion 

simulations, animations and cloth dynamics. The design process had responsiveness to the 

research, and engaged with the aesthetics of three-dimensionality and digital materiality 

within the new context of Motion Capture. The role of the researcher as bricoleur came to 

inform this viewpoint, with haptic and tactile experiential methods leading the experiments 

across the interstices of disciplines. The approach through bricolage and specific engagement 

with the ‘indiscipline’ of interdisciplinarity connects the fashion design practice within the 

new context, making meaning across disciplinary boundaries. 
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Chapter Four 
Experiments and 

Processes of Making
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Introduction of Experiments

This project explores the oscillation between dichotomies of flat surface and dimensional 

object: actuality and simulation: the body and technology: nature and artifice: a thing and its 

representation.  This is the warp and weft of the project, connecting the two is always liminal 

space, a threshold, interstice and interface. Deleuze offers another understanding of this 

phenomenon, as he describes the fold as a corporeal architecture that houses the materiality 

of spirit. The surface describes the substance, as “folds of clothing acquire an autonomy 

and a fullness that are not simply decorative effects [emphasis in the original]. They convey the 

intensity of a spiritual force exerted on the body [….] to turn it inside out and to mold its 

inner surfaces” (Deleuze, 1993, p. 122). The line of inquiry traces around the nature of a thing 

and the unravelling of its materiality as it crosses registers of physical, digital and virtual.

For a fashion designer, a design process typically traces an arc from two-dimensional (2D) 

methods of sketching designs, drawing technical specifications of the garment, flat pattern-

making, tracing the pattern pieces onto cloth to be cut, and finally constructing the garment 

into a three-dimensional (3D) form to fit the body (Sherman, 2014). Using technologies of 

motion capture and digital programs informed a new approach of 3D thinking within this 

research, where the virtual dress can be considered as a 3D form, and prospectively even 4D 

form, whereby it is able to both change over time and return to original form. This changing 

dimensionality of artefacts is highlighted within the experiments outlined in this chapter. 

The artefacts evolve through processes of transferring across states, and the dimensionality 

and consequent ‘rules’ that govern the artefact shift as a consequence.

This research investigated methods of fashion design and making employed as an approach 

both to navigate the hybrid digital-physical environment and to consider potential ways of 

entwining our digital virtual selves and future surfaces. Through design research, virtual 

contexts and digital media tools are used to question perceived notions of textile, surface and 

body, and the propositions potentially expand the ontological positioning and prospects for 

surface design. Locating this fashion design practice in an interdisciplinary context allows 

for the exploration of new forms and materials through an engagement with textiles from 

process, aesthetic, conceptual and performative perspectives. 

Interfaces

Specific interfaces bridge the practices of making within this research; these are the 

technologies that allow for these transformations of state. The interfaces are software and 

‘wetware’; defined as “all sparks and tastes and tangles, all its stimulus/response patterns 

– the whole biocybernetic software of mind” (Rucker, 2015, p. 66). The first interfaces are 

the hand and the eye, which are used in initial design processes to sketch, design, drape, 

stitch, fold, sew, and photograph.  These processes indicate the “haptic visuality” (Marks, 

2002) referred to in Chapter Two pp. 49-50, and reflect the embodied materiality of the 

researcher’s design background.

The key software programs used throughout the project were Adobe Photoshop CC; an imaging 

and design application, Cortex; the proprietary software of the Motion Analysis system 

that handles all phases of motion capture from initial setup, calibration, tracking to post 

processing, Autodesk MotionBuilder;  3D character animation software for virtual production, 

and Autodesk Maya; 3D animation, modelling, simulation, and rendering software. Through 

these programs, the data transfers across software and is represented and engaged with in 

different ways as information.

States

The creative work outlined in this chapter follows the cloth’s transference across software 

platforms and registers of physical, digital and virtual, thus altering the innate ‘state’ of 

the cloth.  For the purposes of this research, the ‘state’ is defined as the current container or 

vessel that envelops the object or thing. This is critical to engaging with the integral nature 

of the thing in question, charting its encapsulation within different states and unfolding 

the essential characteristics of it as it transforms. The thing is always a latent surface. The 

thing is always matter, albeit sometimes unsubstantiated or abstracted. The thing therefore 

always has materiality, and the essence of thing or its ‘thingness’ (Heidegger, 1950) is revealed 

through the transference, and our subsequent experience of the thing. 

In the design inception stage, the states are defined as Motion Data, Image, and Image File 
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Code. These states transfer into other corresponding states, typically during rendering or 

as final outputs:

• Motion Data > Texture

• Image > Surface

• Image File Code > Pixels

It is important to reiterate that this is a recursive and reflexive process. It is not linear. States 

dissolve into each other. Data is reconfigured into image. Pixels are extrapolated from an image 

and become a new animated surface. Motion data becomes visual information, and digital print. 

The creative practice discussion follows the groupings of the artefact as it shifts across 

states and interfaces.  Multiple works were developed that engaged with the structure, 

surface, and dynamics of cloth, these developed sequentially over the period of candidature. 

Figure 22 diagrammatically charts the flow of experiments and the transference across 

the different registers of physical, digital and virtual production. In this chapter, the 

transference is indicated by the title of each section, with a corresponding detail of the 

diagram highlighting the specific processes. The first section, Capturing Cloth, discusses 

physical cloth investigations. The next section Image>Surface>Pixels documents processes 

of applying digital ‘textures’ or surfaces to forms. The discussion Image File Code>Pixels 

identifies the development of visual surfaces, and highlights key themes of digital print 

iterations. Further digital print iterations are documented in Appendix Three. The Motion 

Data section follows the experimental process of tracking cloth dynamics in Motion Capture, 

and the process that led to designing a new textile with an embedded marker system for 

motion capture of cloth. The final section, Motion Data>Texture discusses the experiments 

developed with the new motion capture textile, which integrated physical, digital and virtual 

processes of making.

Introduction to simulated surfaces

A sense of questioning prompted thinking about ways in which digital fashion could embody 

the ephemerality and temporality of fashion in a new way, and led to the development of 

some initial concepts within a digital/fashion research context in collaboration with digital 

designer Gregory Bennett. 

A number of basic transformations of a virtual dress, informed by ideas raised by Hussein 

Chalayan’s metamorphosing dresses (see Chapter Two, pp 56-57) were trialled to investigate 

the possibilities of morphing surfaces with digital tools. Working in the 3D animation 

program Maya with a generic character avatar, a series of animated iterations were generated 

that featured basic transformations of colour, surface alteration, and structure. The process 

centred on simple yet improbable transformations. First, the surface or ‘texture’ of the 

simulated virtual dress was adjusted to run through a sequence of colours. The transition 

of colours was dialled in by key framing from one colour or shade to another. As the garment 

shifted colour, it revealed ephemeral and chameleon-like properties. A typical dress evolves 

gradually over time “it changes, and fades and can take on something of the corporality of 

its wearer” (Miller, 2009, p. 43) but remains relatively constant on a daily level in its general 

relationship to the wearer. This contradiction suggested the possibility of investigating other 

improbable changes, for instance, the potential of material transformation within digital/

virtual contexts.

Figure 29. Morph#1 Animation, G Bennett & M Smitheram, 2013
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Figure 30. Morph#2 Animation, G Bennett & M Smitheram, 2013

Further iterations highlighted distortion of shape and form of the simulated cloth (figures 

29, 30). The dress simulation is a surface, essentially a mesh or wireframe scaffolded over 

the avatar’s body. The dress geometry consists of a mesh of multiple polygons connected 

together. The corner point of a polygon is called a vertex. In these iterations the vertices 

and polygons of the virtual dress surface were extruded, resulting in morphing dresses that 

could return unaffected to their original forms. In the digital iterations, artefacts cannot 

be construed as fixed and stable, but rather as potential to explore “matter unbound” 

(Colloredo-Mansfeld, 2003) as the dress is representational, and consequently released from 

the constraints of a physical dress. 

This method investigated changing the structure and form of the virtual dress. The process 

was informed by the movement of Chalayan’s Fall 2013 dresses, which gradually shifted in 

volume and silhouette. Working in digital formats differed significantly from the physical 

design process however; the dress dimensions were not constrained by the technical 

limitations of the physical construction. The vertices of the dresses geometry were keyframed 

to alter the structure of the dress. In the digital iteration, the morphing effect is autonomous 

and the movement provoked by pulling and stretching the vertices of the cloth simulation 

in the 3D software, Maya. While the avatar could not ‘touch’ the digital dress to alter it as 

Chalayan’s model did, it was noted that the basic cloth movement was propelled by the 

interaction with the movement and motion of the digital avatar. 

The construction of the ‘material’ of the virtual dress was approached from a fashion 

designer’s perspective, focussing on what was possible within a digital re-imagining of 

clothes, rather than seeking to generate a realistic simulation, which would have been the 

approach of an animator or digital designer.
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Capturing Cloth

Figure 31. Detail of Digital, physical and virtual processes Diagram, M Smitheram, 2016

Cloth in Motion Capture

As a fashion designer, these early digital iterations were an introduction to a new way 

of visualising new surface design possibilities and new ways to think through surfaces. 

However, working with digital simulations lacked the corporeality of cloth responding to 

human movement as reference by floating, swirling, flowing, clinging, flapping, billowing, 

and falling. The next series of experiments consequently led to investigating ways to merge 

kinetic and sensory information of cloth and body within the digital. The design process Figure 32. Sequential stages of Motion Capture process, from fashion model to avatar, M Smitheram, 2015

began with capturing data from body movement at the Auckland University of Technology 

(AUT) Motion Capture Lab. 

A fashion model with catwalk experience was bought in to the lab and motion captured while 

walking, recording a specific range of human movement. The model wore a mocap bodysuit, 

hat and shoe coverings, with retro-reflective markers attached with Velcro to key positions 

on her bodysuit. Infrared cameras register and track only the retro reflective markers, and 

accurately record the range of movement by mapping the relationships between each of the 

markers. This mapping results in a recording of the markers that shows the 3D form and range 

of motion (ROM) of the person being filmed, represented as ‘points in space’. The cameras 

relay the motion captured directly into the mocap tracking software, Cortex. After capturing 

the model’s movement, the data is cleaned up in post-production to solve any problems 

with data ‘gaps’. A full outline of the conventional mocap pipeline at AUT can be seen in 

Appendix Two. The data was then imported into MotionBuilder, a 3D character animation 

software where a character was rigged to form her skeletal structure. This process involves 

modelling or rigging a 3D animated ‘body’ onto the scaffolding of the recorded movement 

data. The motion capture data is mapped to a 3D avatar, so that the avatar performs the 

same actions as the fashion model. The rigged character was then exported into Maya, a 3D 

animation and modelling software, and a cloth simulation tool nCloth was used to create the 

surface of the virtual dress. The original movement data captured from the fashion model in 

the Motion Capture Lab was then used as the base of the avatar, generating the movement 

and range of motion. The mocap data in effect drives and activates the avatar.  Figure 32 

describes the transformation from model in the Motion Capture Lab to final form as avatar.
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During this initial mocap session capturing the ROM from a fashion model in the lab, 

the model was given a five-metre length of tulle material to interact with. This was to 

help her feel more natural in the unfamiliar lab space, and in hope of facilitating different 

types of movement with an awareness of the swathe of fabric. In a typical fashion catwalk 

show scenario, the model is responding to a mood or an ambience, they are portraying 

a character and telling the story of the clothes. This narrative is drawn from subtle and 

overt cues such as the lightning, sound design, stage directions, the designer’s vision, 

and of course, the clothes themselves. In contrast, the Mocap Lab is essentially a black 

box, with cameras and a central grid that the performer must try to stay within, without 

the typical catwalk ambience to respond to. Because the tulle fabric was transparent (a 

lightweight synthetic mesh fabric), the cameras were still able to read the retro reflective 

markers through the cloth. Different positions and interaction with the cloth were trialled, 

and we also trialled attaching the markers to the cloth directly. This shifted the motion 

tracking away from the body, to the extension of cloth. This experimentation process 

was significant, as ideas developed that were to become pivotal within this thesis.

The conceptualisation of cloth as ‘soft prosthesis’ and tracking of cloth dynamics emerged 

during this initial inquiry. 

Subtle variations in movement were expected from adding the cloth to the model. However, 

there were noticeable and dramatic changes evident in the range of movement when the 

cloth was added.  The model had an awareness of the material, she held herself differently, 

Figure 33. Model in Motion Capture Lab, M Smitheram, 2013
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she used a range of gestural movements, she swung her hips and shoulders, responding 

to the materiality of the draped cloth. Although the markers were only tracking the model, 

it was observable watching the playback of footage which video clips featured the cloth. 

Although the model was still represented as a skeletal structure on the screen, she moved 

quite differently with tangible awareness of the weight, movement and materiality of the 

cloth attached to her. The cloth was perceptible and almost calculable through watching the 

range of motion captured, and highlighted the dynamics between the body and the cloth 

and the relationship between the two (see figures 33 and 34).

The characteristics and material properties of different fabric were fundamental in developing 

techniques, fabrications, and simulations within this research. Cloth was handled, touched, 

draped on the body and assessed as to its suitability for different experiments. The innate 

behaviours of different types of cloth were closely observed, in order to select the appropriate 

fabric for various aspects of the project. The critical properties included: the fluidity and 

drape of the handle, the weight of the cloth, the lightness, the opaqueness and density of 

the weave, the suitability for embroidery, and the ability to digitally print the cloth. 

Figure 35. Tracking body movement in Motion Capture, Maya movie, M Smitheram, 2014

Movement and Velocity

This experiment came at a critical juncture in the research, where specific movements and 

sequences of movement of cloth were closely observed and recorded. This focused on 

observing how the material responded to external factors such as air, velocity, gravity, and 

motion and helped to ascertain, provoke and isolate perceptible dynamics of the cloth, which 

could be used in further motion capture experiments. As a fashion designer, this was an 

important stage of thinking through the material properties of the cloth itself. 

The typical aesthetic and tactile considerations of a cloth were absent and surface design, 

pattern, and texture was irrelevant. The focus and attention was drawn instead to close 

scrutiny of the mechanical behaviours of cloth in motion, and the specific features of cloth 

dynamics in response to stimuli. This separated the elements of usual fabric assessment, of 

feeling the hand of the cloth.  In this instance, the haptics were unchained from the visual, 

instead the cloth’s own kinetics and response to environment were observed.  A number 

of fabrics were trialled, and one in particular had notable properties.  The unique fabric 

Super Organza is an extremely lightweight Japanese woven organza that isn’t yet available 

commercially, and has attributes and qualities that made it ideal for observational purposes. 

The cloth is seemingly light as a feather; it billows and catches air almost in slow motion. 

Figure 36. Cloth draping iteration, M Smitheram, 2015






134

The weave is extremely dense and of very low micron.  This means that despite its translucency 

and weightlessness, it responds to force and velocity as the cloth traps air.  Super Organza 

paradoxically combines an ephemeral appearance with physical behaviours of matter.  This 

cloth was trialled and recorded in different configurations and with different impetus in 

the AUT Performance Lab, in order to identify and rehearse fundamental cloth dynamics 

to reiterate later in the Motion Capture Lab. These haptic iterations pinpointed a number 

of significant nuanced movements as well as large gestural actions that conveyed a poetics 

of the cloth.  This period in which to observe, rehearse and reflect on the intricacies of cloth 

dynamics was critical to subsequent developments of the project in motion capture.

Figure 37.  Cloth Iteration movie, M Smitheram, 2016
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Image > Surface > Pixels

Figure 39. Detail of Digital, physical and virtual processes Diagram, M Smitheram, 2016

The Liminal Dress- Animation 

The motion captured data from the movement of the fashion model was developed into an 

animation, The Liminal Dress (2014). This computer-generated (CG) animation featured an 

avatar driven by movement data from the model, wearing a virtual dress with a transforming 

patterned surface. This digital artwork used processes and methods of motion capture, 

Maya 3D modelling, animation, cloth dynamics and digital textile design to generate a CG 

visualization. The intention was to explore mocap as a speculative design tool, observing 

the transference from actual to virtual and working responsively in this environment. The 

work explored ideas of consumption, playing with ideals of the shoppers’ lure of ‘new’ with 

an inconsumable virtual dress that constantly changed appearance through a morphing 

surface design texture. 

The sequence of surface designs developed for this artwork was derived from a singular 

image, digitally rendered through a succession of transformations. The collaged image 

was generated from iPhone photographs of liminal spaces in the local urban environment– 

blurs, reflections, train tunnels, puddles, glitches, and gaps (figure 40).  Instinctively, this 

engaged visually with the notion of interfaces, and spaces in between. These are the glitches 

in commonplace physical visuality, the distortions, reflections and ‘noise’ that represent the 

everyday ephemeral. Structurally, the idea engaged with the immediacy of using available 

technology to inform design.  Conceptually, the idea developed imagery of liminal spaces in 

urban environs to capture through digital photographs to create liminal, ambiguous surfaces.

Figure 40. iPhone photographs, M. Smitheram, 2014

Digitally extrapolating from the collaged image of liminal photos, a sequence of textile designs 

was generated. The series was developed through an incremental process of going deeper 

into the pixels of the collaged photographs and applying processes through the toolbox of 

Adobe Photoshop CS6. As a digital design strategy, this development gradually remediated 

the image, with the image shifting from actual to abstracted digital representation, ending up 

as a cellular pixilation. This transfer visually explored a theoretical shift from atoms to bits 

(Wiberg & Robles, 2010), undoing the matter and form of the image and dematerialization 
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through pattern remediation (figure 41).The data collected from motion capturing the fashion 

model had recorded a specific range of human movement. A character was rigged on the 

model’s tracked movement and 3D-modelled into a new form (figure 42). Building the 

character rigging onto the model’s motion-captured skeleton gave a more natural feel to the 

animation, as the dynamics of the model’s idiosyncratic walk determined an organic flow 

and movement of the virtual cloth.

Figure 42. Character rigging of form and dress, M Smitheram, 2014

Figure 41. Patterns from sequence showing image remediation from actual to digital, M Smitheram, 2014 

The surface designs were applied as textures to the dress simulation on the avatar, resulting in 

an animated film of the motion-captured model. The patterns on the dress were digital images 

that seamlessly transitioned from one textile print to the next, translating textile to texture by 

shifting from digital print file to a surface mapped on a virtual dress. Through dematerialising 

the physical matter of the person, the dress, and the textile itself, using visualization 

and simulation, a digital materiality emerged, where the cloth became a digital object. 

The interaction of the physical body (from the motion captured data) affected the movement 

of the virtual dress in an intriguing way. The model’s physical motion propelled the dress 

and generated idiosyncratic and dynamic action as the simulated cloth responded to the 

‘actual’ movement. The motion-captured body is invisible in the final animation (figure 43 

& 44), yet reveals its presence through this absence. Visually there is a sense of the ‘ghost in 

the machine’, or consciousness within the technology (Kurzweil 2005) with the fluidity of 

human movement apparent in the simulation.

This experiment, The Liminal Dress investigates a conceptualising of our ‘virtual selves’.  As 

such, it begins to imagine a screen-less integration between computing and bodies. It has 

been contended that virtual reality focuses an enormous apparatus on simulating the world 

rather than on invisibly enhancing the world that already exists (Weiser, 1991). Through this 

research possibilities of enhancement through interactions and integration of the body in the 

virtual and digital are uncovered.  Mapping surfaces through capturing data with mocap 

presents a technological approach to unite the interface of atoms and bits, a way to mediate 

our emerging hybrid selves in what can be seen through this research as a ‘mixed reality’ 

paradigm which posits that virtual reality is not an exclusively technical/digital ecosystem 

due to the functioning of the body that enacts upon it (Hansen, 2006). 

This framing of enmeshed physical-digital interaction attributed to a new materiality had future 

implications in developing this research. This conceptualisation extends into the visualisation 

of transformative surface coverings that become prosthesis, ubiquitous and seamless 

digital skins.  The full animation movie of The Liminal Dress can be seen in Appendix Two. 
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The Liminal Dress- Exhibition

Drawing both from earlier digitally printed textile work and from discoveries made through 

The Liminal Dress and the Cloth Dynamics experiments, a third work entitled Am I liminal 

yet? was developed. This was installed in public art gallery, Objectspace, on a major shopping 

street in Auckland, New Zealand. This new iteration was artefactual, with a fifteen-metre 

length of silk fabric unfurling from the roof to the ground in a continuous loop (illustrated 

in figure 45).

This sculptural installation featured a silk textile digitally printed with amorphic shapes; 

suggestive of the liminal spaces recorded earlier on an iPhone. The shape of the prints alluded 

to possible garment shapes.  Within these prints, cut lines that related to the body were 

represented, suggesting waist, neck, armholes, shoulders and hems. The surface designs 

showed the sequence of transitions that made up the print from the digital animation The 

Liminal Dress, rematerialized on cloth.  This transference into matter, object and artefact 

extends the discourse of digital materiality and through exhibition, opened it up to a wider 

public audience.

The exhibition also acted as a method to disseminate research to a wider audience. The 

artwork was uniquely positioned in the Window Gallery of Objectspace, on a street populated 

with fashion boutiques and busy shoppers.  During the span of two months, I engaged with 

both the artwork and gallery audience through regular visits to cut out and remove sections 

of the print.  These shapes were pinned to the wall behind the installation, and allowed 

to drape and fall with implied wear. The removed shapes began to propose their possible 

form or use, and eventually the fifteen-metre length was reduced to holes, negative spaces 

where the print had been subtracted.  Visitors to the gallery were invited to return at the 

conclusion of the show to select a piece to take home with them. 

While the development of this work was influenced by ideas of audience participation and 

dialogue, these were not critical to the final realisation of project. Am I Liminal Yet? explored 

concepts of remediation of image from actual to digital, and by using a singular remediated image 

questioned the dichotomy of the handcrafted and unique verses the digital and mass-produced. 

Figure 45. Initial installation of Am I liminal yet? M Smitheram, 2014 Figure 46. Final installation of Am I liminal yet? M Smitheram, 2014

 This artwork also allowed the exploration of another aspect of virtuality associated 

with the loss of the physical. The act of dematerialising the artwork over time, by 

systematically removing sections of the printed textile so that all that remained at the 

end of the exhibition was holes and absence, was a significant aspect of the work, and 

prompted further considerations of the relationship between the virtual and the actual.
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Image file code > Pixels 

This project explored digital print and surface remediation, using the materiality of the digital 

image reinterpreted through technologies such as Motion Capture and 3D animation into 

virtual artefacts.These were then transferred into other states such as physical printing on 

textiles or as animations. This approach explored and extended ideas of surface. The surface 

designs transfer and iterate across registers of actual, digital and virtual. Remediation is from 

actual image, to digital photo file, to remediated pixels. Digital photography was collaged, 

and the images taken through a series of digital design processes. Gradually through shifts 

in scale the micro becomes the macro, pixilation and the technical rises to the surface. 

The materiality of the digital image was reinterpreted through the physical printing, the 

technology of the digital became visible through printing, as shown by the image remediation 

in figure 47.

Hundreds of image files have been created as potential surface designs during this project 

(see Appendix Two). Generative design is supported through the capacity to create and 

save sequential changes with digital tools. This allows for designing nuanced surfaces that 

gradually morph, a key feature in this animation work. Beginning as physical object, which 

were then digitally photographed or scanned, the object becomes digital image file code. 

Figure 47. Generative print iteration, M Smitheram, 2015

 Many images stayed in this latent encoded form, pixelated 

iterations waiting for a surface to pattern. Image files that 

were selected become digital textile prints, animated 

textures, printed surfaces, realised through iterations as a 

new physical, digital or virtual object.  This section discusses 

a selection of the key iterations of surface designs, designed 

in Photoshop through this research period.

Matter#1 Print Iteration

Digital photographs of piles of fabric and clothing were 

taken using a cellphone camera.  These images recorded 

the materiality of the cloth, inert, crumpled, disembodied. 

The photographs focused on still-life details of the fabric, 

underlining the contrasts of light and shadow, scrunched 

and smooth, density and opaqueness of various surfaces. 

This emphasised the tactility and textures of the various 

fabrics. Initial images were created by cut ‘n’ pasting 

arrangements of fabric piles. 

Other processes were then applied to the collaged images. 

In particular, one method was developed that experimented 

with the layers of the image. In this method, the raw data of 

the image file was glitched, corrupting the file. The glitched 

fabric data was then added as a paint tool to Photoshop, and 

worked back into the image with the paintbrush, adding the 

glitched text file data back to the image. This process was 

both additive and subtractive. In one sense, it exposed the 

underlying code of the image in file format as if peeling back 

a layer to reveal the epidermis of the code, on the other hand 

a new layer is added by painting into the surface. Figure 48. Photoshop images of fabric, M Smitheram, 

2016
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Glitch Print Iteration

Drawing from the theoretical framework of bricolage, further digital print series adapted 

these collage techniques. Bricolage is evident within the processes of making as a theory in 

action- a means of engaging with the potential of the digital for regenerative design. 

Methods such as glitches, mash-ups and cut ‘n’ pasting are inherent within digital processes 

and images (figure 50). Within this, the potential of digital for infinite imagery and idea 

development is underscored. There is possibility within any digital imagery for a regenerative 

design process, which may bear no resemblance to the original starting point (figure 51). 

Visually the surfaces display unique characteristics of their transference across digital-

physical dimensions. The resulting artworks reveal hallmarks of this transliteration, as a 

metatextuality, each layer critically comments and refers to the other. Unique aspects of 

the digital such as multi layered images, glitches, data bending and 3D elements suggest 

a particular hybrid aesthetic emerging through the oscillation between digital, virtual and 

physical processes of making.

Corrupting code via glitching is a highly experimental process. The first quarter of the code 

needs to remain intact, while the rest of the code can be altered by adding new random text, 

copy & pasting, and using the find and replace function to swop glyphs. 

Figure 50. Fabric Glitch #22, M Smitheram, 2016 Figure 51. Fabric Glitch #23, M Smitheram, 2016
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Numerous methods and file formats were used to glitch images. The results varied 

depending on the original file type, JPEG, TIFF, RAW, BMP and PNG. Various Internet 

accessed programs were used such as ImageGlitcher, Snorpey.Github, HexFiend. These allowed 

for differing levels of control over the glitch, factors such as: amount, seed, iterations and 

quality.  This influenced whether the result was dramatic or a subtle warping of the original 

image. 

3D Statues Print Iteration

This iteration developed from methods outlined in the previous sections, and theoretical 

ideas of classical statues and drapery as original virtuality. Sculptures were photographed 

during study trips to the Victoria and Albert Museum, London, during 2014 and 2015.  Various 

methods of photography were employed, capturing different levels of the object. An iPhone 

was used to take still photographs, and various 3D camera applications such as Autodesk’s 1 

2 3D Catch and Seene were used to capture 3D content.  The methods developed previously 

were modified and built on to create new methods in Photoshop using layers, blending, 

and filling with new patterns from the glitched files to layer onto the physical object. 

Figure 53. 3D Statue Glitch detail #7,  M Smitheram, 2016Figure 52. 3D Statue Glitch  detail #2, 

M Smitheram, 2016

Motion data

The initial mocap experiment was the first and only mocap session in this thesis that 

specifically tracked movement of the body. The following experiments in mocap took place 

over a two-year period with numerous sessions in the Motion Capture Lab, focused on 

tracking cloth movement. This was initiated through observations made during the original 

session with the model, and noting her response to the materiality of the cloth.  

It was considered that perhaps cloth in virtual space could be perceived as a new material, 

when interpreted by the mocap cameras and transmuted into new data forms. In essence, 

it becomes a template, a mechanism changed from warp and weft to data. 

Figure 54. Detail of Digital, Physical and Virtual Processes diagram, M Smitheram, 2016
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Cloth Dynamics

Further experiments exploring the behaviour of cloth itself in a virtual space were initiated 

by recording the cloth dynamics. This took place in the Motion Capture Lab at AUT. Only 

the movement of the fabric itself was captured, trialling the placement of markers in different 

configurations in the process. Through a design approach, information was responded to 

as the tests progressed, adapting and adjusting markers to cloth on the spot. The properties 

of the material were explored through twisting, stretching, releasing, unfurling, billowing 

and draping, as seen in Figure 55.

Figure 55. Stills from film footage of motion capture cloth dynamics tests, M Smitheram, 2014 

The test process was guided by the nature of the fabric – the responses to air, velocity, weight, 

tension, gravity, movement and volume. In the resulting raw data a paradoxical quality 

to the fabric was evident. The visual absence and virtual presence of human movement 

propelling the cloth dynamics was suggestive of auxiliary bodies. The cloth only was tracked, 

not the people operating it. Yet their movement or gestural range was perceptible in the 

data collected to the extent that it was often possible to identify who was holding the 

cloth in particular takes. There is a contrast with techniques of simulating and modelling 

cloth in computer graphics, where the behaviour of cloth is determined by the mechanical 

interactions among its various elements. This thesis reveals the importance of embodied 

interaction in cloth dynamics.

Within this process of motion capturing cloth, there were many specific issues uncovering 

the constraints and limitations of the technology. Various lengths of cloth such as lightweight 

cotton, medium weight viscose, and cotton lycra were trialled. Instability within the cloth, 

such as stretch or ‘give’ in the case of open weave cloth, proved problematic. The markers 

moved and disrupted the recording with breaks in the data. Similarily, there were issues with 

transparent or thin fabric as the reflective markers shone through the fabric and confused 

the mocap system, Cortex. These issues themselves weren’t unresolvable, but the major 

difficulty was the attachment and weight of the commercial reflective marker placed on 

the cloth. They created a lot of ‘drag’ weighing down the fabric, and altering its intrinsic 

behaviour and movement.

There were many issues with tracking the mutability of the cloth’s movement, which resulted 

in occlusion (when the marker is obscured by the cloth), chaotic motion and collision, which 

confused the tracking system. The mocap system anticipates the connections between the 

markers to remain constant. This is inbuilt into the programming, which typically is begun 

with the calibration of the system to a standard arrangement of markers on the body as in 

a ‘T-pose’. This is an initial set-up pose, whereby the person wearing the mocap suit stands 

in the centre of the capture grid and extends their arms to form the letter T. The cameras 

are then calibrated to the particular positioning of the markers attached to the person, and 

this then becomes the template that the system is expecting when tracking motion.  Fabric is 

not a rigid or firm structure, so it is a very different process to track it, removed from what 

the program is designed for. With stretchy or open weave fabrics, the markers would shift 

in their relationship to each by stretching in a way unanticipated by the program. Digital 

parameters are fixed pre-programmed expectations of the software, and signal the limitations 

of most digital programming to adapt.

During this process of experimenting in mocap, the properties of the fabric itself were 

questioned, whether such properties could be captured in mocap, and what would 

result from that data. There were many failures as outlined above in the initial tracking 

sessions, and it was at times a frustrating process for the researcher and the technician, as 

we tested the limits and possibilities of the mocap system to track cloth. There were also 

the semantic difficulties common to interdisciplinary research. Over time this improved, 

as did the researcher’s knowledge of motion capture and the technician’s experience of 

material properties.  As familiarity grew with the pipeline of a typical mocap workflow, it 

was recognised that adaption would be needed for this to work with an unconventional 

object. The interdisciplinary design context was eased by a shared commonality of visual 

communication, used between the researcher and technician. 
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Figure 56. Powder-coated Retro 

Reflective marker prototypes, M 

Smitheram, 2015

In this experiment, it was recognised that there was potential to use 

mocap as a tool in the measuring and quantifying of cloth to uncover 

the dynamics of material in the virtual, to record the ontology of 

cloth. This stage of the research focused on identifying challenges 

and opportunities. The next stages would address these challenges 

by developing a system for motion capturing capricious action, by 

capturing data specifically from the mutable dynamics of cloth 

movement. 

Retro Reflective Markers

The standard mocap markers had been an issue in the initial Cloth 

Dynamics mocap experiments. These commercially manufactured 

markers consist of a rubber ball attached via a screw to a round flat 

base, approximately 2.5 cm in diameter. The ball is covered in 3M 

Scotchlite Reflective film, and the base has Velcro hook on the bottom, 

which attaches the marker to the mocap suit. During this research, 

solutions were trialled such as using fewer markers to avoid drag. 

This resulted in unpredictable data that didn’t accurately reflect the 

cloth dynamics, as the markers were so far apart they missed vital 

kinetic motion. Velcro was sewn to the cloth to attach the markers, 

and also directly taping the markers onto the fabric using cloth tape. 

Small, lightweight facial markers were also trialled, which had the 

advantage of being on a pedestal base and were therefore closer to 

the surface they were attached to. These solutions were ineffective 

however, with the markers adding significant weight to the fabric 

and inhibiting the natural movement. To try and alleviate the issues 

of weight and proximity to object, retro reflective marker prototypes 

were designed specifically for cloth. Loose retro reflective powder 

was sourced, and trialled by coating polystyrene balls, and powder 

coating 3D printed spheres (figure 56). Custom 3D printing the shapes 

Figure 57. 3M Tape Retro Reflective 

marker prototypes, M Smitheram, 

2015

Figure 58. Developing MoCouture Cloth, M Smitheram, 2015

as half spheres allowed for designing small stitch holes to sew the spheres directly onto 

the fabric. These markers were lighter than existing markers, yet still placed weight on the 

fabric affecting the movement range, and the powder lacked the luminosity of the 3M tape. 

MoCouture Cloth

To precisely record the dynamics of cloth in motion, it was recognised that a responsive 

marker system that was embedded in the fabric itself could more accurately map minute 

and variable movement. Lengths of 3M Scotchlite retro reflective tape were laser cut at 

the AUT 3D Lab into one millimetre strands. Laser cutting allowed for accuracy and 

uniformity in the strands, and heat-sealed the edges.  Experimentation with various 

embroidery stitches, to develop an embroidered marker directly into the cloth followed. 

After numerous attempts with Danish knots, Holbein Stitch and various eyelets, a historical 

embroidery detail known as the Algerian Eye Stitch, or Star Stitch was adapted into a 

marker. This embroidery stitch had an advantage of being able to be double sided, and 

without a knot.  The laser-cut strands were flat, not round or twined as thread is, and had 

reflective coating on one side only. Therefore the stitch required planning to be double sided, 

and a carpet needle was used to pierce the cloth and create a hole for the strand to pass 

through. This eight-pointed star design formed a circular eyelet shape, which the mocap 

cameras read as a complete circle. As the stitch was identical on both sides of the fabric, 

the IR cameras read the marker as a solid object embedded within the weave of the cloth. 
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One of the other challenges in developing this bespoke motion capture cloth was the 

positioning of the markers to create a T-pose for the cloth. The criteria for the marker system 

was to frame the edges of the cloth, cover the surface, and yet not form a symmetrical 

pattern or have similarities in marker position that could confuse the mocap camera system. 

The cloth was divided into four quadrants, and a customised asymmetric arrangement of 

marker positions for each quadrant was developed. A digital print was designed, featuring 

the marker placement on a background of one of the digital dress adaptations, so that the 

marker stitch positions would be consistent and identical in design. Viscose rayon fabric was 

digitally printed at the AUT Textile and Design Lab. The digital print background helped 

to visually orientate the cloth in mocap for the designer and technician, allowing the cloth 

to always be in the same position to start and finish, forming a T-pose. 

Figure 59. MoCouture Cloth, M Smitheram, 2015

The final digitally printed cloth design (figures 59, 60) measured 1.30 

metres wide by 2 metres long and featured 84 hand-embroidered 

markers sewn with strands of laser cut reflective tape. The cloth was 

then machine hemmed, and ribbon loops were sewn into each corner 

in order to handle and manipulate the cloth without obscuring or 

occluding markers. Once the cloth (dubbed the MoCouture Cloth) 

was resolved, the process shifted to discovering how to capture 

that data in Cortex, which still proved to be challenging given 

the movement and occlusion from the fabric, and the number of 

markers needed for tracking the cloth accurately. 

There were numerous phases of testing the MoCouture Cloth in 

the Mocap Lab. The hand-embroidered retro reflective marker 

system worked extremely well.  The IR cameras accurately tracked 

and captured the placements. The markers embedded within the 

fabric allowed the markers to move with the cloth, resulting in 

captures that expressed the subtle, nuanced and mutable motion 

of the cloth in motion. A number of different ways to manage the 

capture of such a large and unpredictable number of markers was 

tested.  There was significant and time-consuming data clean-up 

required for most takes, especially if the fabric folded over itself 

and occluded markers.  After discussions, the technician devised 

a system of breaking the data into four templates for capture in 

Cortex, this was then reprocessed during clean-up of the data to 

make one unified group of data points (refer to Appendix Two for 

further detail of Motion Capture process).  Gregory Bennett tested 

linking the cleaned up data, the point cloud, to a cloth simulation.  

This was linked by matching the vertex points of the simulation to 

the markers on the MoCouture Cloth, creating a direct visualisation 

where the mocap data drives the skeleton of the simulation, in a 

similar process to how we linked the mocap data from an actual 

person to an avatar. With the simulation tethered to the markers, 

there is a fluid geometry of cloth. 

Figure 60. MoCouture Cloth, 

M Smitheram, 2015
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Figure 61. MoCouture Cloth tests, cloth template methods in Cortex, M Smitheram, 2016

Figure 62. MoCouture Cloth tests, cloth tempate methods in Maya, M Smitheram, 2016
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MoCouture Cloth Draping  

Of particular interest to this research, are the theoretical implications of gathering this type 

of information from a material.  This inquiry raised questions of what can we learn, see 

and understand about the innate material properties of the fabric as it is tracked in the 

motion capture space. The development of the MoCouture Cloth significantly allowed critical 

engagement with the central framing question of the research asking, how does material 

reveal the trace of the body? Can we isolate and observe moments that Miller (2005) alluded 

to as ‘the cloth yielding to humanity’?

Further tests in the Motion Capture Lab benefitted from previous rehearsals of cloth 

movements in the Performance Lab. These rehearsals established conventions for performers 

to hold and operate the MoCouture Cloth, and developed iterations that isolated particular 

movements. As occlusion and clean-up of markers was an issue with this unconventional use 

of motion capture, strategies such as keeping the fabric stretched open, and using controlled 

movements were adopted. In the resulting data, just the cloth is activated, yet the agency is 

co-produced.  The gesture of cloth is latent, activated by another force, the auxiliary body. 

The motion captured cloth displays ‘lifeness’ and gesture, and holds potential as a live 

sculpting tool, able to be moulded and draped to unseen bodies or forms, and capturing 

the 3D volume of objects.

Figure 64. Working with cloth and perfomers in Motion Capture Lab, M Smitheram, 2016

Lexicon of Cloth Dynamics

Critical developments that helped document and organise the results of this phase of the 

research included the development of a Lexicon of Cloth Dynamics and Cloth Statues. These 

iterations used the MoCouture Cloth, and significantly, allowed for physical cloth engagement 

within the virtual space of Motion Capture and the digital space of Maya. The first iteration, 

the Lexicon of Cloth Dynamics (included in full in Appendix One)  involved developing a visual 

vocabulary that expressed the observed ontological material behaviours, through tracking 

an individual, isolated movement of the cloth from beginning to end. This detailed a range 

from very subtle actions, through to larger more gestural movements. A cohesive convention 

for tracking and recording this data was maintained. The individual cloth iterations all 

began and ended with the cloth T-pose, and captured one inherent behaviour of the cloth 

dynamics, such as: fold, crease, drape, inflate, billow, deflate, stretch, give, wrinkle, flap, 

bias stretch, static, sag, strain, gather, crumple, flutter, ripple, sway, and resist. 

The central research strategy was to ‘follow the materials’, allowing the poetics of cloth to 

reveal themselves; questioning what the embodiment, gestures and sensory engagement 

was in this unfolding.

Figure 65. Developing Lexicon of Cloth Dynamics iterations in mocap Lab, M Smitheram, 2016
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The resulting data from some iterations ‘broke’ with too much noise and occlusion within 

the marker data. This was observed in the larger dramatic gestures, such as ripple and flap. 

Following the materials and unfolding the material properties in a sympoietic way led to 

design decisions to accept these ‘breaks’ that were almost impossible to clean-up or rectify, 

as essential recordings of the fundamental nature of the cloth. The Lexicon of Cloth Dynamics 

iterations were kept as raw, processed data. Every take in Motion Analysis was exported into 

Motion Builder to be cleaned up, then into Maya as point clouds, which identify each marker 

as a symbol. These point clouds were imported into Maya, but left as essential reflections of 

the mutable and infinitesimal movements of cloth.  The point cloud represented the truest 

data, the reflection of observable actual movement. 

The interventions of cleaning up the data were carefully managed, and the limitations of the 

software were acknowledged and worked with as design decisions. The raw data of markers 

sometimes appears and disappears, momentarily the matter can be said to not exist, as it 

is not perceivable to the software. The eye tracking the pathway of connections must then 

make the link and tell the software where the connection is. 

In the Cloth Statues iteration, the MoCouture Cloth was allowed to settle on the body, to mould 

to the corporeal form. The cloth was billowed, trapping air and resplendent in its expression of 

realised materiality, then it was gently released, to settle on the still form of a person underneath. 

The data of the cloth from this experiment effectively captured a gesture of the 3D form it 

enveloped, which was not static, but enlivened by the breath of the person within the cloth. 

Figure 66. Occlusion and 'broken' markers 

in Motion Capture Lab, M Smitheram, 2016

Motion data > Texture

In the MoCouture Cloth iterations, the surface of cloth itself was 

captured and observed in virtual and then digital space. The body 

is virtual, ‘unseen’, and yet palpable and perceptible in initiating the 

dynamics of the physical.  Within the following iterations surfaces 

of simulated cloth are observed and engaged with. Here, the cloth 

instead is virtual, a simulation that is driven by physical movement 

of a person captured in the Motion Capture Lab. This reversal of 

approach allowed observations of the reciprocal push and the pull 

of cloth against the body, the resistance to and the response of cloth 

and the body. 

The particular environment of Maya is a “haptic and affective space” 

(Alt, 2002) that carries with it its own materialities and conventions. 

This is discussed in more detail in Chapter Two, pp. 80-82. As a 

fashion designer with a material perspective, I approached this new 

environment and its associated materialities in an embodied way. 

Working in Maya, the virtual dress surface has a particular geometry 

consisting of a mesh of multiple polygons connected together (as 

seen in figure 67). The basic object used in mesh modelling is a 

vertex, a point in three-dimensional space. Two vertices connected 

by a straight line become an edge. These edges can be connected to 

make a polygon; a group of polygons that are connected by shared 

vertices is referred to as a mesh.  In the new design iterations outlined 

next, the polygon mesh of the cloth simulation became the ‘fabric’, 

used both structurally and as the base visual design element. 

Figure 67. Avatar with green polygon 

mesh in Maya, M Smitheram, 2015
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Polygon Dress – Structure and Surface

The cloth simulation held similar possibilities to an actual fashion design process. Physical 

characteristics and material properties can be selected, which affect how the cloth behaves 

when it moves and interacts with other objects. The dynamics of the cloth were adjusted 

to allow it to flow and drape, giving an effect similar to a heavyweight silk crepe material. 

The cloth dynamics could be trialled rapidly, applying different values to see how the cloth 

responded to weight, gravity, volume, wind and density. Certain limitations of the virtual 

cloth were noted. As the virtual dress is considered an object by the software, it needs to be 

parented to the shape of the virtual body. The dress programming allows it to be designated 

an object, and as such tethered to another object. As a virtual entity it doesn’t know the 

behaviours of a dress; these need to be assigned to it. The dress occasionally ‘forgets’ its 

attributes and its relationship to the avatar’s body, and falls off the body, tangling in a 

puddle of simulated cloth. It lacks some qualities of the material behaviour of a physical 

dress, which generally hangs from the shoulders of a person, responding to the laws of 

gravity, and the texture of skin. 

Difficulties were also faced by the complexity of the scale of the large polygon mesh required 

to simulate the dress, which resulted in collisions and occlusions where the virtual cloth 

seemingly ‘tangles’, as seen in figure 68. This is common in cloth modelling as “cloth has 

complex interactions; it collides with itself and rigid objects; it is driven by forces that are hard 

to model, including human motion and aerodynamics” (White, R, Forsyth, D, & Vasanth, 

J, 2006, p. 3). This mirrors the difficulties and challenges of motion capturing actual cloth. 

The way cloth in both the virtual and in the digital simulation is experienced is paralleled 

by its complexity and mutability. 

The observations of the interactions and behaviour of the cloth simulation propelled by the 

body prompted a design process working directly with the movement of the data itself.  The 

polygon mesh of the cloth simulation became the template for the surface design. This process 

began with un-wrapping the polygon mesh of the dress. The polygons from the avatar’s surface 

were extracted by un-wrapping the virtual dress, then separating all layers. Effectively, this 

captured just the geometric mesh of the surface, without the solid 3D form. Figure 69 shows the 

layered extracted meshes of several dress iterations, and the mesh of the avatar underneath. 
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This is commonly known as the UV mapping process, which at its simplest requires three 

steps: un-wrapping the mesh, creating a visual texture, and applying the texture to the mesh, 

typically using graphics editing software like Adobe Photoshop. 

In this particular design process however, the polygon mesh was used experimentally to 

generate a visual texture.  First the unwrapped polygon mesh dress files were imported 

into Photoshop as layers, as seen in figure 69, and then deliberately warped and distorted 

to generate remediated two-dimensional images. As a process, this distortion constructed 

surfaces out of surfaces. The design actions involved warping the perspective, copying, 

pasting, and repeating actions to create new patterns, feedback loops and distortions. By 

using the polygons themselves to produce pattern and surface, there was a sense of engaging 

haptically with the material of virtual cloth.

Figure 69. Unwrapping layers of polygon mesh from avatar, M Smitheram, 2015

The resulting dresses had a gestural mark-making quality; by using the topographical mesh 

from 3D software to create 2D contour maps, the technological perfection of the digital 

image was disrupted. This was used as an iterative drawing process, capturing marks and 

movement through tracery. Applying different digital effects had an organic, cellular effect. 

The pixels were approached in a fashion designerly way, treating them as if they were fabric 

material, by folding, draping, scrunching and crumpling the surface.

Figure 70. Photoshop file showing the transformation of mesh, M Smitheram, 2015

Mark making with Polygons and Pixels

During this phase of the process the design focus was to explore the materiality of the pixels, and 

the potential of the virtual surface itself to generate pattern. This process was the questioning 

of the aesthetics of this particular material. What was the nature of the material? How did 

it behave, and what were its consistent characteristics? Observations of the naturalistic 

nature of the visual imagery that emerged when the pixels of the polygons were pulled, 

stretching and degrading the data and distorting the linear traces of the mesh were noted. 
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The reference to the body was still visible in the resulting new surfaces. The data came from 

mapping the body in motion capture and, through the stages of unpeeling the polygon 

mesh and creating new imagery, a sense of the movement of the virtual cloth and presence 

of the body still remained. 

The fabric slouched, with a sort of corporeal insouciance. Necklines dipped and curved 

around the no longer existent form. Hemlines sagged and fluttered, caught in motion. The 

pixels were treated like material, by scrunching, draping, and crumpling the fabric (figures 

71 & 72).

In other iterations such as figure 73, visual remnants of the 3D data could be seen in the 

image, a perspective warped by digital processes, folded back on itself and seemingly multi 

dimensional. 

Figure 71.  Screenshot of Photoshop file with warping of 3D form, 

M Smitheram, 2015

Figure 72. Screenshot of Photoshop file with warping of 3D form, 

M Smitheram, 2015
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Figure 74. UV texture map in Maya with the avatar turned off, M Smitheram, 2015

Polygon Dress - Animations

In the next stage, the new gestural, distorted and remediated images were exported from 

Photoshop back into the Maya software, and became a new UV texture map. This part of 

the UV mapping process involves projecting the texture map back onto a 3D object, in this 

case the avatar and her simulated cloth dress.

This altered the appearance again. The feedback loop closes as the transference completes 

from polygon mesh simulating the dress, to glitched remediated surface, which is finally 

placed back on the virtual body as a texture map. Working in Maya, the ‘body’ of the 

avatar was turned off, and just the ‘virtual material’ itself could be seen, as illustrated in 

figure 74.  The idiosyncratic movement is still propelled by the original body mapping data 

collected from motion capture. In this iteration, just the cloth is activated, and the agency is 

co-produced. The gesture of cloth is latent, activated by another force, the auxiliary body. This 

was used as an iterative drawing process, capturing marks and movement through tracery.

What was visible in the resulting works was the reference still to the body, the ghost in the 

machine. The data came from mapping a form in motion capture, and through the stages of 
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unpeeling the polygons and creating new imagery, a sense of the movement of the virtual 

cloth and presence of the body still remained.

Various versions of these new surfaces were developed in Maya. The backgrounds were 

kept simple and the focus on the shifting morphing materiality of the surfaces. A number 

of iterations were clipped, recorded and exported in a process known as playblasting. The 

resulting 3D rendered animations could now be tumbled and looked at and through, whilst 

in motion. The transparency of the new surface altered the aesthetic.  The gesture of the 

cloth became visible and amplified in this version. These animated artworks raised many 

questions for the research. The translation from one materiality to another, from physical 

data collected in motion capture to virtual simulated cloth object, resulted in a conversion; 

a counter-materiality. What was lost or gained in this transference? What was transformed? 

This design process traced the behaviour of micro movement and mapped an almost infinite 

malleability. There no longer seemed to be a correspondence between the material and the 

representation of the material. 

As discussed previously, the motion-captured data of actual, physical movement was used 

as a base. This tension and interaction between the physical motion data and virtual surface 

held potential, it had a different aesthetic and visuality to earlier iterations, for instance The 

Liminal Dress. The absence of a visible body highlighted and exposed the cloth dynamics in 

a new way. In these new animations the design intention was to use just the physical motion 

and the simulated cloth, removing the mediation of the avatar. Instead of using the virtual 

dress as a surface to pattern, the virtual surface itself was used to generate the pattern.

 

A final process in this design iteration was digital printing on silk, printing still images 

from the Maya animation which showed the 3D dress in motion, transferring the virtual 

dress into a physical dress. The scale of the dress was matched to a physical body scale, 

so that when worn, the digitally printed physical- digital- virtual dress encompassed the 

kinetics of the animation in motion. This re-embodiment of the material was also in a sense a 

re-materialization of the body, as it referred back to the origins of the mocap body movement. 

This digitally printed dress illustrated a physical and conceptual transference across registers 

and modalities from 2D to 3D and back to 2D for use as a 3D object. 
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Summary of Experiments

The constraints of technology to incorporate less tangible qualities of materiality are noted 

at various points within this research. Paralleling its physical equivalent, the data of digital 

and virtual cloth breaks, degrades, and degenerates. Information data suffers from occlusion, 

collisions, noise. These are the glitches, the gaps in between the technical capacities of 

programming and software and the capture of messy, mutable, chaotic materiality as it unfolds. 

 ‘Following the materials’ within the processes and experiments of the project led to a design 

approach of accepting and integrating these outcomes rather than smoothing them away.  

The differences between the actual and virtual are extrapolated and exploited, rather than 

seeking to emulate each other, to contribute to a deeper understanding of what constitutes a 

“technological materiality” (Küchler, 2008).  Programming allows for charting or plotting of 

projected potentialities or expected actions. Subtleties and variables are difficult to account 

for. Digital and virtual material has consequent abilities- it is generative, recursive, infinitely 

reusable. The information captured from one body mapping mocap session has been used 

differently for many iterations and different expressions. The data itself has many layers 

and can be extracted at different stages and interpreted via different platforms.  The data 

can be reconfigured, reworked, hacked, and used in different ways to reinterpret and create 

new surfaces from information. 

 

The unexpected influence that digital methods and the motion capture environment had on 

aesthetic outcomes was also recognised. This opened up a dimension of the project as an 

inquiry into the aesthetics of designing within hybrid space; that remediated elements of 

the actual through the virtual and digital. Connecting textile material knowledge to surface 

and structure in a digitally augmented future centralises a hybrid methodology that fuses 

physical, embodied, tactile and haptic approaches with digital materials and technologies.  

Digital theorists discuss the changing nature of materiality, with new infrastructures 

questioning what is inside and what is outside (Thrift, 2005; Weiss, Propen, & Reid, 2014). 

The new physical-digital surfaces discussed in this paper are mediated interfaces, which 

draw from both simulation and actuality to explore a new materiality.
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The unique context of the Motion Capture Lab permitted working in a 3D digital space with 

physical things. Through the discussion of these experiments, the potential of motion capture 

as an innovative designer’s tool that can be used to engage not only with motion, but also 

with the materiality of things is emphasised. Virtual 3D tools allow for closer observations 

of the nature of things, and have the potential to describe and reveal the very nature of 

artefacts, surfaces and space in a different way, by detaching movement from actuality.

Figure 78. Gestural Dress animation, M Smitheram, 2016

Figure 79. Lace Polygon Dress animation, M Smitheram, 2016
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Synthesis through Exhibition of Creative Works

‘Ontology of Cloth’ Exhibition November 15th, 2016.

This thesis research was concluded with a final presentation of a physical installation 

of creative works. A viewing was organised with the thesis examiners to allow them to 

experience the content and practice 3-dimensionally, and a public viewing was also held.  

The venue was the Performance Lab, Sir Paul Reeves Building at Auckland University of 

Technology. This large room is purpose designed for performance; with a black painted floor, 

and matte black floor to ceiling curtains surrounding the room. The ceiling is approximately 

seven metres high, with a comprehensive rigging system that spans the width of the roof. 

The space is very defined, and this was considered and engaged with by the researcher over 

a period of five days whilst installing the site-specific work. 

The exhibition of creative work featured three key elements: a digital animation (11.55 

minute duration) played via laser projector; a 6 metre high material assemblage; and a 15 

metre length of digitally printed textile suspended in a fold from the ceiling. 

Installation

Centred in the Performance Lab was a large-scale material assemblage, comprised of 

hundreds of metres of hung, draped, folded and tucked lengths of cloth. The lengths of 

white fabric were continuous bolts of woven cloth measuring between 4.5 metre and 10 

metre in length, and widths of 30 cm to 1.35 metres. The fabric base cloths included were 

Japanese cotton, Japanese silk, muslin, cotton knit, polyester, cotton gauze, tulle and silk 

charmeuse. The fabrics were suspended from a central mother-grid, which they were hand 

tacked to by needle and thread. From this height they unfurled to the floor, with some fabrics 

just touching the ground, and other lengths rippling down to pool on the ground in relaxed 

puddles. The lengths tangled, twisted and looped across the space, creating a unified 3D 

fabrication able to be walked around and viewed from any angle.  This made up the surfaces 

of the installation, comprised of over four hundred metres of cloth of various textures and 

with different material properties. 

The individual fabric lengths were treated uniquely according to their material qualities, 

informed by a bricolage approach of adapting the materials at hand. The lengths of cloth were 

allowed to speak, each fabric behaved according to its inherent nature, to slump, to drape, 

to slouch, to unfurl. Heavier fabric lengths hung in weighed swathes, lighter transparencies 

of tulle writhed and twisted as they fell. Occasional tucks, loops or folds were caught by 

hand stitching. The large scale installation of material surfaces became a new immersive 

screen, which the viewer can move around and through, with the surface of their own body 

becoming part of the screen. This shifted the viewpoint of the work, breaking the wall of 

fixed viewing with the viewer instead able to explore numerous eye paths and vantage 

points, and follow the illuminated textures of different surfaces as the animation projected 

through the work. The different qualities of cloth were placed in considered relationships 

to each other, as an aesthetic decision and to enhance the material qualities of absorbing, 

repelling or deflecting light. 

Figure 81.  Fabric assemblage, M Smitheram, 2016. 
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Projection and Animation

The animated projection played both across and through the surfaces of transparent fabrics, 

and is caught in the folds of heavy drapery. Images flicker, dresses without bodies trail across 

the multiple screens. The dresses are both embodied and disembodied, they seemingly 

follow the cloth, as they move up and down the assemblage. The projection plays across the 

cloth, briefly illuminating the surface, then trailing off into the shadows. Created in Maya 

and edited in Adobe Premiere Pro, the animation combines motion capture footage, digital 

photography and textile images remediated into digital patterns via Adobe Photoshop. 

Aesthetically, the visual work exemplifies the generative style of flux between simulation 

and actuality that is evident through the prototypes and iterative stages of this thesis. The 

interplay between 3D animation of cloth and rendered surface driven by physical motion 

destabilizes the viewer, blurring the boundaries of digital/virtual/physical artefact and 

creates a mixed reality experience for the senses.The projected animation had three distinct 

visual phases. The first phase uses imagery of digitally photographed cloth with the code 

Figure 82. Phase 1, M Smitheram, 2016

of the photograph becoming the matter; the second phase slips into the virtual and starts

to explore the materiality of cloth simulations within 3D programs; and the last sequence 

reduces the cloth itself to 3D polygon cloth simulation and data. The cloth depicted begins 

as tethered to an unseen body (motion captured) in dress-like forms, then gradually becomes 

freed, tangled, enmeshed and occluded as the animation progresses, revealing something of 

the materiality within a physical/digital/virtual collision. The animated cloth surfaces are 

remediated images from simulated cloth, virtual polygon dresses, and glitched photographs 

of actual cloth, and this data is exposed to generate a new meta-narrative of the fabric. This 

creates a constant feedback loop, of new layers of information from matter and surfaces of 

surfaces. The moving images gradually break down, each looped abstraction referring the 

to preceding sequence and the yet to come. 

In this way, the unravelling of image is both outcome and process. Aesthetically the work 

is both fluid and rendered, the hybrid result of both simulation and actuality. The virtual 

cloth responds to set parameters of gravity and dynamics.  The image gradually deteriorates

Figure 83. Phase 2, M Smitheram, 2016
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stripped back to the code. The unseen body breaks down, and the cloth takes on wilder, 

tangled trajectories, responding to new dynamics and rules.  Conversely, the cloth and 

surfaces themselves gradually animate, becoming ‘enlivened’ as the physical body fades 

and the properties of the material are encouraged to unfold. Through this unfolding, the 

work explores the tactility and haptic qualities of cloth as disembodied within new digital 

and virtual spaces. 

Figure 85. Full Animation 'Ontology of Cloth',  M Smitheram, 2016

Digitally printed textile

Softly spot lit and situated towards a corner of the room hung a 15 metre length of digitally 

printed fabric (viscose challis). Like an echo of the animation and installation, the cloth 

featured digital printed stills or screenshots from the Maya animation. The images tumble 

down the length of physical cloth, depicting still images of the virtual cloth suspended in 

space. This captured image is once more returned to the physical, closing a loop through 

the re-animation onto physical cloth. 
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Synthesis

The installation invited the theoretical suggestions in the 

exegesis to be experienced and engaged with. This installation 

speaks of the ontological understanding of physical 

material within digital and virtual spaces. Investigating 

cloth as a surface, the work extended across realms and 

states: it incorporated physical experiential cloth within 

the sculptural forms, and projected imagery of remediated 

digital cloth that is driven by virtual and unseen motion 

captured bodies. The installation told the story of matter 

as it is transferred into other states, unfolding the meta-

narrative of cloth, and revealing the dialogue between the 

the physical actuality and the echoed simulation of things. 

The artwork explored the role of bodies and the poetics of 

cloth within digital materiality.

Movement, capturing motion and the materiality of things, 

are central to the thesis and also central to the exhibition 

experience. This exhibition supported the research questions 

and discoveries made which were proposed as iterative in 

the research. The creativity of approach to engaging with 

motion capture and Maya shifts design and research in a 

manner that truly utilizes and invents motion capture as 

a tool; as material transference; and uncovers the capacity 

of this tool to release binary classifications. This creative 

work opens up gaps in motion capture, using it to generate 

and animate new hybrid interfaces. This work, and the 

accompanying Lexicon of Cloth Dynamics (see Appendix 1) 

push the boundaries of motion capture through conceptual 

experimentation. 

In experiencing the installation, the ‘hand of the cloth’ 

Figure 86. Digital textile print and installation, 

M Smitheram, 2016

Figure 87. Phase 3, M Smitheram, 2016

becomes known, palpable and affective. We are reminded of the weight, texture, and nature 

of the cloth at every turn. Our eyes follow the flux of the abstracted cloth animation across 

tactile woven surfaces of material taut or relaxed, we feel the nuances of weight and languor 

of the fabric as it unravels. The sensorial experience of cloth as surface takes on a new 

life imbued with somatic implications. Crucially the focus in this work shifts from visual 

representation of virtual body to inviting instead an awareness of physicality and senses 

from the viewer. In a specific subtle transference, the viewer replaces the absent body with a 

heightened awareness of their own response to the hand of the cloth. This highlights a critical 

shift through the thesis, an emphasis transference from body to a new enlivened perceptive 

surface. This makes reference to Deleuze's notion that while the perceived may resemble 

something, it does not automatically mean that perception represents an object (1993, pp 

95-97). In questioning what leads us to go beyond the phenomenon or the perceived, Deleuze 

argued that in a disembodied manner that the perceived forces us to reflect on the thing 

it resembles (1993, p 95).  Aesthetically, the exhibition explored the processes, activity and 

materiality of interfaces, and the new reverberations of the haptic across these stripped 

and exposed surfaces. Rather than the disappearance of the body within the virtual, this 

shift can be read as the emergence of lifeness of matter, a re-centering of senses following 

a Deleuzian framing of the virtual as a kind of potentiality, as having a generative nature 

that is fulfilled in the actual. It is still not material, but it is real (Deleuze, 1988, pp 95-100).

Figure 88. Film footage of installation, M Smitheram, 2016
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Chapter Five 
Findings and 

Conclusion
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Conclusion and future research 

This research follows matter through various states of existence; in physical form as cloth of 

warp and weft, as digital simulation, and as virtual cloth, where only the intrinsic dynamics 

of the cloth remain rather than surface. The thesis documents and describes the design of 

innovative textile surfaces that exhibit a new state of hybrid materiality that is proposed 

as the work of mediation. Connections between subject and object, signifier and signified, 

human and machine, are observed and identified as they transform during processes 

of making.  A new aesthetics and a new type of artefact are proposed, demonstrating a 

shift in conceptualization of a fashion practice away from epistemological frameworks of 

representation, binaries, signification and subjectivity. Highlighted within this research is an 

ontological and aesthetic framework of sensation, affect, agency and material transformation, 

which contribute to a new understanding of hybrid materialities (a complete analysis of 

these ontological and aesthetic considerations is presented on the following pages 190-191). 

Through this research, possibilities of enhancement through interactions and integration 

of the body in the virtual and digital are uncovered.  Significantly for the reseach, the shift 

from a fashion framework to exploration of digital and virtual materialities has highlighted 

new dynamic understandings of the body and surface. 

These material transformations are identified as emerging during moments of rupture, 

present across multiple layers of the thesis. Following an approach that reclaims the 

‘indisciplined’ disrupture of interdisciplinarity has led to new philosophical understandings 

of cloth, surface and body. The sites of rupture are multimodal, accessed through various 

modes of interacting with the cloth both as a system itself, and within different systems of 

digital and virtual interface. The ruptures are located between disciplines, they are cracks in 

systems, intangible nexuses, that permitted a new viewpoint for the researcher to approach 

fashion and textiles. The aesthetic observations of the limitations of cloth across the various 

states connected methodological fissures during the use, processes and transference across 

registers of physical, digital and virtual.  This signals a crucial slippage of rupture – that can 

be of a system, a state, a structure or discipline, but the point of breakage opens a critical gap 

within the ontological nature of a thing that facilitates transference, hybridity, the emergence 

of something new. These gaps are described as interfaces, as interstitial liminal zones.

The surfaces of physical cloth both protect and absorb, retaining corporeal traces that form 

a reciprocal discourse. Identified by this need to augment the body, cloth is proposed as 

a ‘soft prosthesis’, as it represents a longstanding and essential somatic addition. In this 

relationship, the environment is identified as external, variable and pervasive; the body 

as a vulnerable collection of biological cells; and surface which covers the body as a soft 

prosthesis, a bodily augmentation. This positions the body as the site of mediation and 

the material that encases it as interface between the two. Cloth wears, tears, softens, fades, 

and ultimately perishes. This is the point of breakage, of rupture within physical cloth. The 

perceptual and sensorial experience of physical cloth is tactile, haptic, palpable, audible and 

visual. The agency of the cloth in this state is corporeal and environmental, as it responds to 

bodies, motion and physiological forces. Cloth is perceived through the body. The ‘hand of 

the cloth’ is gauged by haptic visuality, the eyes are informed by the touch of the cloth. The 

‘hand of the cloth’ can be seen as an ontological touch; the hand can assess which features 

are essential attributes of a given object. The hand and the eye measure a fabric’s inherent 

properties and how they are related to the object itself, unfolding the nature of the physical 

cloth as textile, existing as warp and weft, thread and fibre. The shift from physical cloth 

into digital and virtual modes of cloth led to insights and the development of new methods 

for fashion research, and contributes to the discourse on new media practices and aesthetics 

from a different disciplinary perspective.

When the cloth was transferred into a digital state, its matter shifted from textile to code. The 

essential feature of the cloth was no longer fibre, but pixel. Ontologically this transference 

into the medium of code recontextualizes the surface of the cloth as digital texture and 

wireframe. Its existence mutated and morphed from the temporal, biodegradable, corporeal 

existence of physical cloth to a new relationship with time and space. The digital cloth was 

generative, replicable, temporally infinite and intangible. The agency of the digital cloth 

lies with process, programming and software. Significantly, this cloth is disembodied, its 

aesthetic affect is processual, procedural, and the body is diminished. The encoded form 

of cloth simulation has limitations that are generated through its very processes. Digital 

information is not only characterized by being electronic, networked, and interconnected, 

it is changed by the procedures of those things.  Aesthetic rupture is acknowledged as 

malfunction and glitch, the data is vulnerable and is open to degradation and corruption 

as it crosses platforms and generations of actions. 
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Deliberate design strategies of remediation, morphing and glitching critically exposed the 

raw matter in action of the digital and its particular characteristics. Within this thesis the 

digital cloth is engaged with through a material approach, and the within the resulting 

surfaces, pixels are scrunched, draped, and responded to with haptic awareness.  The digital 

cloth surfaces were encouraged to, absorb, fade, and disintegrate. Through transferring states 

and processes the digital matter was degraded to reveal an almost palpable corporeality 

that extended the digital code from simulation to an enhanced type of digital materiality. 

These experiments realised a bodily, corporeal understanding of digital matter, transforming 

digital production into substance and form that intersects with fleshy surface. An evolving 

new aesthetic was highlighted in forms that retain elements of the hand in manufacture or 

the physical in the final resolution.

The unique context of the Motion Capture Lab permitted working in a 3D digital space with 

physical things. Through the experiments, the potential of motion capture is emphasised 

as a tool that can be used to engage not only with motion, but also with the materiality of 

things. The software, Maya, provided a literal interface to the virtual material, a haptic and 

affective space that allowed the researcher to function as though I were an object in that 

space. Ontologically, the virtual cloth was detached from matter, the medium of the cloth 

shifted from textile to data. The apparatus of the virtual interpreted markers attached to 

the cloth as essential features that represented this cloth, rather than pixels or fibre. This 

nature of the cloth was observed as a ‘point cloud’, the virtual software visualisation of the 

markers attached to the cloth. This allowed a critical shift in the cloth’s temporal and spatial 

existence. The motion and dynamics of movement are captured, the cloth becomes surface 

and the moment in time is replicable. The agency of the virtual cloth is co-produced, in the 

data the body was still perceptible as a resonating and unseen force that propelled motion 

of the cloth and evoked the materiality of the object. Although perceptible, the body itself 

was abstracted within this counter-materiality. Aesthetic evaluation of the limits of the cloth 

as virtual surface revealed the points of rupture as occlusion, collision and noise, these 

signalled chaotic interaction of the physical that challenged the pre-programmed software.

Significantly, the new textile MoCouture Cloth developed within this research is intrinsically 

a mixed materiality artefact. To the best of my knowledge, this is the first time cloth has 

successfully been motion captured using embedded markers. The cloth is a hybrid interface, 

as its existence shifts across all three states from physical, digital to virtual and encapsulates 

aesthetic and ontological properties and characteristics from all these dimensions. The cloth 

as physical artefact is textile matter, interpreted by motion capture the nature of its substance 

shifts to data, then as a digital texture the cloth becomes code. The MoCouture Cloth represents 

sympoiesis. The cloth becomes an active collectively–producing system, that is symbiotic to 

its environment, and it has no spatial or temporal boundaries.  The central question framing 

this research asked: how does material reveal the trace of the body? MoCouture Cloth enabled 

a deeper consideration and engagement with this issue as it provided critical linkage between 

physical cloth and virtual and digital environments. Within the data captured from the cloth 

iterations, moments are isolated and observed that reveal the cloth yielding to humanity 

(Miller, 2005). 

The Lexicon of Cloth Dynamics  (Appendix One) formalises an analysis of the specific gestures 

of cloth. This taxonomy of cloth properties reveals the nuances of movement, isolating the 

motion from the physical matter of the cloth. Single gestural behaviours of the cloth were 

recorded. These displayed and contained aesthetic hallmarks and characteristics of physical, 

digital and virtual cloth, revealing latent materiality. The MoCouture Cloth exists within a 

‘counter-materiality’, it is simultaneously all matter, of textile, code and data. The translation 

from one medium to the next produces a uniquely integrated version, a hybrid materiality. 

The MoCouture Cloth makes it possible for users to touch and manipulate virtual objects. 

The sensory turn within digital media intimates a new agenda towards identifying and 

engaging with somatic interactions in digital and virtual arenas. These form layers of 

interactivity and information for the body within the digital and the virtual, including 

kinetic, sensorial, and perceptual connections. This research suggests that there are as yet 

unarticulated dimensions in these new forms of materiality and embodied experiences.  

Whilst it is beyond the scope of this thesis to go deeper into this terrain, this research 

recognises the potential of perceiving gestural movement within objects, haptic visuality, and 

its complementary visual hapticity: hands that see, eyes that touch. This suggests new areas 

of research extending from this thesis, exploring and identifying new types of embodied 

sensation possible in virtual and hybrid spaces. Future developments with the MoCouture 

Cloth include refining the marker system through testing machine embroidered reflective 

thread eyelets. The current system of hand-embroidered eyelets has some limitations, 
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as discussed in Chapter Four.  The textile is labour-intensive to produce, and involves 

multiple processes during production. It would be advantageous to produce MoCouture 

Cloths of different sizes and alternative fabric weights to experiment with a variety of fabric 

behaviours and modes of enactment.  Future research will continue to explore distilling 

embodiment in digital and virtual spaces. This could involve choreographed live draping to 

explore fashion shapes and live patternmaking. The MoCouture Cloth captures the 3D form 

of the body, which could be productive as a method to consider new ways of pattern cutting 

and sculpting the human form. Other forthcoming research investigations will focus on the 

potential of live motion capture and the development of the cloth as a physical artefact for 

live virtual engagement.

The cloth is followed through various states of digital, virtual and physical. The innate 

material properties, the subtle nuance and gesture of body and object are engaged with 

through interactions in motion capture. As with Deleuze’s fold, the body is always perceptible 

whether or not it is present in the data captured. The essential motion of the cloth is observed, 

captured as data in motion capture it is devoid of the physicality of its surface. The data 

of the body and cloth from motion capture renders the material as intangible, and the 

immaterial becomes tangible. As the actual movement unfolds, the fabric is affective; this 

research uncovers an important ontological dimension, a materiality of cloth as it is stripped 

of its materiality.  

Within this research practice, the ontology and aesthetics of the cloth are unfolded through 

its transfer of states revealing its material nature. This thesis contributes to a deeper 

consideration of the physical, digital, and virtual. A visual language for materiality is 

developed that encompasses haptic, tactile, sensory interfaces and draws from not just 

the ‘surface’ or screen of a computer, but from the richness of merging the materiality and 

material language of hardware and software into new surfaces and new understandings of 

networked bodies. The development of a textile that reconciles relations between different 

states and modalities highlights the significance of hybrid materials to encompass lifeness 

and embodiment, offering new articulations of transformed matter and data that are tangible 

and felt, and hold resonance.
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Appendix 1 
Lexicon of Cloth 

Dynamics
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Sway

Tension
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Appendix 2 
Motion Capture 

Process



218217

Cloth dynamics test- "Flag" in Mocap Lab, screen view

Markers viewed on screen in Mocap Lab

Motion Capture Process

The Motion Capture Lab at Auckland University of Technology consists of an enclosed 

performance space, with twenty-six infrared (IR) cameras positioned to record movement 

data from vantage points in a radius surrounding the performance space. An adjacent room 

houses the computer system, and features a window into the performance space.  The 

technician generally is based in this room throughout the recording. 

Typically, the person being tracked wears a mocap bodysuit, hat and shoe coverings, with 

retro-reflective markers attached with Velcro to key positions on the bodysuit. Infrared 

cameras register and track only the retro reflective markers, and accurately record the range 

of movement by mapping the relationships between each of the markers. Any other object 

being tracked must also have reflective markers attached. A ‘T-pose’ is used to initiate each 

sequence, and calibrate the cameras. The person or object then is free to move within the 

dimensions of the grid, which designates the optimal camera tracking space in the Motion 

Capture Lab.  

This mapping results in a recording of the markers that shows the 3D form and range of 

motion (ROM) of the person being filmed, represented as ‘points in space’. The cameras 

relay the motion captured directly into the mocap tracking software, Cortex. The ‘capture’ 

can be seen in real- time on a screen within the Motion Capture Lab. 

Cloth dynamics test- "Stretch" in Mocap Lab, screen view
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Appendix 3 
Digital Print 

Iterations
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Digital Print- Examples of Sequences
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Animation- The Liminal Dress Digital Textile Files
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