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Drawing Light in the Cave: Creating Hand-Drawn Worlds in Virtual Reality

| am completingana st e r 6 sin theigithle-sturey program. My thesis work was
an exploration of manigleas surrounding digitairtmakingin VR. As | entered this program as
a mid-career artist, my research was both motivated and directed by two decades of experience.
| have a degree in Film Animation from Concordia University and a diploma in Computer
Animation from Sheridan College. In my professional life thus far, | have worked as a digital
artist and animator, a digital design instructor, as well as an Interaction Designer for mobile
applications. | currently work as a fulltime VR artist and ananédr a video game production,
and | apply this research and the ensuing methods in my work every day.
My personal and professional practice is founded on a lifelong passion for drawing. | learned to
draw as a child and this skill has been the keylihlas all my endeavours as an artist, both in
traditional media as well as digital design. | spent a decade working for Wacom, the leading
brand in digital drawing tablet technologidgly coursesntroducedboth graphic professionals
and novices alikeotdigital workflows using the tablet. | also taught drawing as a foundational
skill, and my tablet courses were designed around drawing techniques. My teaching ideology is
that core drawing skills can increase the sense of personal agency in digigalviediflows.
This view was cultivated from the years of frustration in working with software as an artist,
which | had experienced both observationally in my peers as well abdmdt
When | first heard about VR applications like Tilt Brush, thati#ed creatives to draw three
dimensionally inside a headset, | immediately recognized this technology could be the next step
in the evolution of digital drawing. Without having even yet tried VR, let alone creating in it, |
intuitively felt that | couldbe of value in these early days of establishing what it means to draw

in this new way. | was excited about this new tool and what doors it could open, while at the
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same time being weary of what implications it could impose on creatives working in graphic
industries.

| set out on this research path with two goals: first, to establish techniques for drawing
spatially in 3D virtual space, and second, to translate these techniques into learnable skills.
Furthermore, | wanted to take an approach that woalkienthese skills as accessible as possible.
My experience teaching to students with a wide range of experience had shown me that anyone
can learn creative expression through digital workflows if they so desire. This observation stood
in contrast to whatwitnessed in educational and professional environments, where the learning
curve of digital workflows i®ften unnecessarily daunting. Learning to create in digital formats
entails adependency on the technical nuances of the software, like tool f&eatumflows, and
interface menus. These variables tend to involve a high learning curve while differing drastically
from one application to the next. Their dependency on-fharty software to achieve content
goals is practically unavoidabl&patialsketching in VR presents an approach to digital creation
that prioritizes cognitive and motonuscular adaptation over the linear skills so implicit in the
conventional workflows of graphics software.

The practice of creating content directly in VR is a recent phenomenon that is permeating
across a sector of graphic industries, like animation, industrial design, architecture, and
filmmaking. | took this transition into creative VR as an opportunigppeal to students and
professionals in digital graphics to use this technology as a way of regaining creative control.

| conducted this research with my past students in mind. The drbaseg teaching
methods | designed helped students from a widgea&f backgrounds flourish as digital artists,
despite their lack of prerequisite aptitude or the technical learning curve. Additionally, | hope to

appeal to computer scientists and engineers, as the ideas in this document will culminate in the
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proposabf novel approaches to the design of CAD tools for creative content made in VR. These
ideas were made possible in part by the contributing research of my predecessors in relatable
fields of digital art. A primary example is Professor Gregory P. Garviey,twenty years ago
envisioned ways to humanize the tools of 3D graphics in ways that, from a technological
standpoint, are only now feasible. In a similar way as Garvey had inspired me, the underlying
aspiration of this research document is that it mag @ay contribute to the design of creative

tools.

The title of this wor k, n-Dld@meaning.gThdfirstght i n

meaning is I|iteral, in that o6lighté refers to
artistarereei ved as inputs in the form of I|ight pixX
a nod to one of the earliest iterations of VR in 1992 which remains in use today: the Cave
Automatic Virtual Environment (CAVE). The second meaning points to tiséegpological
problems | encountered while thinking about, working in, and reading summaries of the cultural
di scussions surrounding VR. ALighto and ACav
and engineers can build a bridge by working togetiéne design of VR software and tools.
This meaning was inspired by a passage in the writing of acclaimed VR artist Char Davies, who
argues that the fractures that have i mpeded s
Allegory of the Cave For nore on this discussion, refer Appendix 2: Some notes on the title.

My chief aspiration in this work is to show how drawing can increase the potential for

VR as a creative tool, and conversely, how VR could improve the way we draw.

! (Davies, Osmose: Notes on Being in Immersive Virtual Space, 2002)
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My project became a plight of assembling the network of connections between drawing
and VR | found parallels in seemingly unrelated topics, like the cultural ideas surrounding VR,
and the benefits of learning to draw from observation. | also reached much further back in time,
to the origins of drawing concepts dating back to the Renaissamt&ow these concepts
directly affect the experience of creating in VR.

Throughout this document | will be summarizing the synthesis of ideas surrounding how
we perceive the relationship of form and space. The design solutions | will present asegremi
by the upheaval of the mathematical method of Linear Perspective. Also known as Formal
Perspective, this method is used for emulating a representation of depth relationships. It was
created by artists in the Renaissance and is now embedded in cognpptecs as well as a
fundamental component of drawing and visual design. My creative research in VR led me to
insights about how this method is not entirely natural to human vision. In my readings, |
discovered that many artists, professors, researched modern scientists who had all come to
the same conclusion. Linear perspective could be limiting our potential for perceiving and
interpreting the world, as much in our physical reality as the virtual.

Before | could even begin to fathom desigifusions to this problem for what it meant to
draw in VR, | had to first dismantle everything | thought | knew about the visual relationships of
form and space. To find an alternative to linear perspective, | had to assume that the invention of
the methodn the Renaissance was a point where we went wrang reach even further back.

This text begins with an overview of what it means to consider VR as an artistic medium. This is
a contextual background, recalling ideas that had initially been discustee academic sphere
in the earliest days of VR. Given the technological limitations of the 1990s, these ideas focused

more on the imagined potential that VR could offer in advancing our creativity and sense of
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connectedness. | will be introducingek themes that link creative uses of VR with drawing:
first, agency and presence, and how both are components of the third theme: embodiment. In
expanding on each theme, first in its correlation to VR and then to drawing, | will describe how
my own expeences in digital drawing and teaching relate to these themes.

This groundwork will hopefully set the tone for why VR presents such exciting
possibilities as a creative tool, which in the following section, | will contrast with the negative
apprehensionshave come across throughout my research. 1 will present all the ways in which
this technology contradicts the best parts of each of the three themes, from the philosophical
(what is the point of making art if | am unable to share it the way it isdetBnto the practical
(making virtual worlds is an extremely daunting task), to the physical (working in this format
could, and has, led to vision impairment). | will synthesize how the concept of linear perspective
is the common denominator that linkengputer graphics, Western Art History, and Western
Science. | will argue, with the support of artists, academics, and scientists, how this concept may
be at the root of many issues we encounter in our approach to CAD software today.

Finally, I will begin the building of a framework that upends this concept. Here, the three
themes of agency, presence and embodiment will form the cornerstones of a new foundation.
This framework is built from ideas new and old that suggest how we can redirect our approach
the creative use of VR. These ideas range from the philosophical (ie., making art in VR opens
gateways to alternative perspectives), the practical (how we can avoid reinventing the wheel of
optimization strategies), and the physical (how creative&ingin VR can avoid strain on
vision). The framework will culminate in the proposal of the two methods | designed for

thespatial drawingorms within immersive8D spacerespectively These methodsanslate the
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agency and presence found2id draving, by integrating the motegensory inputs of the tools

and transforming the VR workspace into an embodied experience for the creator.
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Methodology

My methodology in this project was an autoethnographic approach based on a model of
research crean. The model | applied was inspired by a paper by Owen Chapman and Kim
Sawchuck, entsRtelsearit@r ed&triidn c al Making in Com
paper, Chapman and Sawchadtempt to develop and refine the vocabularies of research
creation in the hopes of expanding the potential of the methodology and emphasize the relevance
of research cr eat i dn.ChapmantahdeSawthuckgreserda & processof ni t i
research creation as a cycle of four categories: Reséarcheaton, Researclfirom-creation,

Creative presentations of research, and lastly, Creasoesearch. | found this approach
extremely practical because my research depended so much on my owarfdstxperience in

the act of trying to create with this newaot. Additionally, because creating in VR is a very

novel concept, the research would very much need to be created. It made sense then, that the
autoethnographic methods | useduld beof a reflective nature. | maintained a written blog

and a documenti@an logbook. | kept a sketchbook-tiand, and | made use of the veice

recording feature on my phone.

To break this model down somewhat, | need to first reiterate a point made by Champan and
Sawchuck, in that the cycle of these categories by no melimsd@ consistent order. Rather,
there are aspects of each category that overlap into the others. In my own use of the categories, |
found the lack of order and overlapping nature to be an essential aspect of my research.

Creationasresearch often caarfirst, where the act of creating in VR would lead to observations

2 (Chapman & Sawchuck, 2012)
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and critical questions. These would in turn be addressed in my documentation log and reflective
blog posts respectfully. My log recordings usually accounted for technical challenges |
erncountered during VR sessions, that would leave me musing over questions that were often
philosophical and intangible.

My written posts sometimes helped me work through these questions, but often, bigger questions
would come to light through the writindg=specially in the early months of my work, for

instance, in these posts | often grappled over my tumultuous relationship with technology as a
working artist. | wrote about how much | loved these tools for the creative potential they

offered, but how ingpation in practice was atbo-often thwarted by obstacles that can feel
counterintuitive to the creative process. The topic of what art and technology means to me
came to govern the second act of my research, which fell mostly into the categoryastRese
from-creation. This period followed several consecutive months of creating, or trying to create,

in VR. | had by then reached an impasse that prevented me from devising techniques that made
any sense, let alone be teachable. As it tends to gentually concluded that the only way past

this impasse was through it, and so | dug deeper into the underlying questions.

| worked through the challenges | encountered, which were often underpinned by my own
lifelong struggles with STEMbased learningThe writing culminated in a significant piece |

wrote once | had reached an initial impasse in my creative work in VR about the difficulty in
sharing my work without a significant amount of time and energy devoted to acquiring abstract,
linear skills in tehnical processes. Conversely, | battled with the sense of void | encountered
when working in a vacuum, that is, of creating work that | could not readily share with audiences
as an i mmersive experience. For esxoa nipelsec,r itbhees

my weeklong departure from my VR work to focus on an electrical problem in my household
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wiring. Through this writing, | realized that my goal in VR was to see the creative process as a
circuit with a beginning and end point. The startinqipwould need to be derived by an
intention to express something creative, and the end point was to share this form of expression in
the format it had been created: within a virtual setting.

Where my sense of agency as a VR artist was developed througtrospective and
reflective blog writing, | was able to target the challenges | encountered with feeling a sense of
presence while creating in VR through documentation log. | maintained a practice of diligently
recording my creative sessions in VR kqations directly after removing the headset. It was
through this practice that | was able to pinpoint the gaps in connection between my habitual
modes of creating and the process of creating inside the virtual workspace. In reviewing the
summaries of ypdaily sessions, for instance, it became apparent that my own physicality was
compromised when pitted against the goal of creating work that could be shared in an immersive
platform. In short, the technical challenges of designing for optimized cohgtrdould be
successfully output in a software pipeline seemed to take all the fun out of it.

My VR work log recordings revealed patterns about physical pain points, like eyestrain,
headaches, and contorted positions, all of which seemed a necessasyareaernd, if the end
goal is sharing the work. These recordings also brought a more subtle, but equally substantial
epistemological challenges to the surface, like the lethargy | would experience after long sessions
in a headset. Such feelings werpmssed through recordings of my own sensations, which
were often experienced on an impulsive and deeply intuitive level, like a sudden longing to be in
nature or a strong signal from my brain to relinquish the headset for the remainder of a day

where | ha intended to accomplish a great deal of creative work.
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The writing practices were complimented by further modes of prebtauing through
introspection, namely audio recordings that | would make either in the morning, before
commencing a creative sexsiin VR, or late in the evening, often after pouring through texts
about VR and artmaking. At times, the source of a problem or moments of inspiration would
come to me in the middle of the night, and | would reach for my phone to record these musings.
The reflective process of reviewing the entries from my blog and process log, and listening to my
audio recordings, became my pathway to building my own identity as a VR artist.

The practice of creating VR being a new phenomenon, it was nearly impdedildeern

bet ween the O6right 6 oMy researchoentiads desigreconcepts fromf t h o
the ancient architecture and astronomy of the Greeks, and attempts to synthesize methods from
Euclidian algebra, Modern Neurobiology, and the pracaifddafe Drawing. While | was

painfully aware of struggling to establish constraints in the design problem, it was often the case
that the best moments of clarity were the result of introspective wandering. For example, in the
outset of my research, | dounever have anticipated that | would argue the greatest challenge to
VR creation is an art technique for conveying the illusion of depth: linear perspective. Nor could
| have found alternatives to linear perspective without embarking on a thorouglostagywn

vision through written observations inside and out of VR, which led me to research the science
of visual perception. These examples are by no means arbitrary; coming to understand that the
concept of perspective is a cultural construct thamémices our visual perception is how | was

finally able to unlock the tool of VR as a tool for artistic expression and representation.

The seemingly endless questions | posed about the nature of reality, time and space were

needed to be able to understa/R as more than a graphical interface strapped to my eyes. To
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acquire an in depth understanding of the potential of the medium, | needed to deconstruct my
preconceived notions of how | perceived and interpreted reality. Doing so was only possible
through the struggles | waded through in my writing. The framework of ideas that resulted is the
foundation for how we can use the skill of drawing in VR as a tool that enables us to explore,
dismantle, and ultimately, create new perceptions of reality, fin@inique vantage of the

individual within the simulation.
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Chapter 1

The Creative Potential of Virtual Reality

Throughout the course of this research, | withessed the hold VR has been taking across a
vast array of sectors. The world miayally be ready for VR, and the technology finally ready to
address the needs of the world. However, the technology of VR nor the ideas about how it can
serve us are far from new. The earliest iterations of the-Naohted Display (HMD) began to
emergein the cultural sphere in the 1980s, although a historical timeline predates this period. To
learn more about the historical background of ¥& Appendix 3: The historical context of VR

VR emerged in pop culture of the late 80s and early 90s ietamdth the influx of
video games and cinematic visual effects that were made possible because of 3D graphics. The
group of artists, professors, and scientists who took interest and / or worked with the HMD at the
time are, today, often referred to as pheneers of VR. A number of these individuals were
actively designing VR prototypes that highlighted the benefits of immersive environments, but
because the technology of computer graphics was still in its infancy, a great deal of these
investigations tok the form of speculative imaginings of a future for VR. The renowned
computer scientist Jaron Lanier, who is also known as the Godfather of VR, best summarized
this tendency to envision how VR could help us achieve new heights of creativity and
connectdness in his 2018 book on the topic, Dawn
about VR is thinking about VR, 0 Lanier writes
and aspirations in this document.

One artistand professothat was writingabout VR as well as prototyping with the
technology iDr. Jacquelyn Ford Morieln 1994Mor i e descri bed VR as hav

to expand our ways of seeing, feeling, and experierichagbeyond those of our everyday
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| i vieMorie®@aw VR as a tool that could enable the creation of immersive experiences that
could not be achieved any other way. lan t hos
revolutionary means of expression that provides capabilities beyondtrernirohuman
h i s t4oAs lywill describe in the coming chapters, my own reflective speculations about how
VR could be used to explore drawing in ways newefiore possible led me on a path that led to
Mor i e. 5 fotergial df VR, Mari® arged in 1994, lies in how the quality of involvement
can be improved for the user. | was inspired by how Morie linked the tools of VR to
collaborative worlebuilding, and her design of a VR application that demonstrated an early use
case of high schoolwdents using creative tools in a networked, immersive environment. Morie
called on creatives to imagine the ways we will engage with virtual worlds, then make those
worlds a reality.

After a long period of relative dormancy, recent advancements ovpastheecade in
VR have enabled new uses for the tools in ways that Morie and several others had, three decades
ago, only dreamed of. HMDs are now connected through social networks, at once realizing the
technological reality that Morie, Lanier, and maotiiers had decades ago, only dreamed of.
However, the corporate control at the helm of these networks comes wiga&ing negative
ramifications for how we are already adapting to VR. My own creative research in a Facebook
owned VR product (Oculus @st) meant that considerations about the implications of big tech,

like privacy and ownership, were unavoidable. Oculus VR is arguably the leading company in

3 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994, p. 136)

4 (Morie, Inspiring the future: Merging Mass Communication, Art, Entem@int and Virtual
Environments, 1994, p. 135)

® (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994)
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independent creative projects made in and for WR. specific concermelates tovhat user
experence paths would be forged into VR hardware and software before there was any chance
for opensource experimentationFor example, at the time of writing, Oculus owned the VR
application Quill (now independently run by the chief engineer who desigaesbttware, Inigo
Quilez), which | used predominantly in this research. One of the most prominent VR artists
curating the learning content for creating in Quill is Goro Fuijita, the art director at Facebook VR.
And in my current occupation as a VR artibg studio | work for is fully dependent on future
funding from Oculus. For more on the topic of corporate ownership of&f&,to Appendix 4:

Big Tech and the negative ramifications for VR.

This research addresses the positive outcomes enabledbyltagical advancements of
commercial enterprise. For example, not only is it now possible for everyday users to interact in
VR, but it is also increasingly becoming commonplace for VR to be used in remote settings, and
i n the privacy Additionaly thedgsaphacswh HMDse mow boast an enhanced
mode of navigation known as six degrees of freedom, which simulates how we move around in
the physical world. A third feature, which plays particular significance in my research, is haptic
feedbackwhich gives us an intuitive way of interacting through matensory outputs.

I will connect these affordances to the webldilding potential of VR addressed by
Morie, that is, the creation of immersive environments, whether as an isolated act or in
cdlaboration. In doing so, | hope to show how drawing can be seen as learnable skill that can

make worldbuilding a more inclusive and accessible activity.
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Defining VR as an artistic medium

Three decades after Morie first called on creators to dex#as an artistic medium,
the qualities and characteristics that define this medium remain ambiguous. Artist Jonathan
Rathman, who began designing VR experiences for museum installations in 2016, positioned the
technology as the leading format in contempa r yl atrhti.nk i t 6 s 0t Baysew me
Rat hman, Awedve | uesigened@uhg, thedorniei hgad of &§lm antd mexlia &t . 0
Oculus VR,compared theresent hal | enge of defining VR as a me
create the paintbruskh i | e tr yi ng t8dheserstatanents sagggstahatrintthe n g . 0
surging popularity of VR, the fact that VR is not a new technology, but rather a reemerging
phenom with a welfounded groundwork of cultural discussion, is being overlooked. A
rehashing of some of the key ideas about the creative potential of VR from 30 years ago is
needed so that we can pick up where the creators of the past had left off. By unearthing this
foundation, we as creators can be reminded of the qualities aboat digdtion that help us to
become better artists, rather than simply more employable in our respective fields.

Il n 2018, Morie herself i mploreditdtledayds cr
groundwork of the themes she and others had attenptifine long before the influx of
consumeiaccessible gear and software that have made VR what it is today. The emphasis on
how to build cultural meaning in VR is being called into question by educators across an array of
creative fields. For examplBy. Asher Warren, a professor of theatre and performance,
recently proposed that the physical language of the theatre arts has much to offer in how we will

learn to communicate with one another in immersive virtual settings. Like Morie, Warren

¢ (Gottschalk, 2016)
" (Morie, Considerations on creativity and technology in the twérgycentury, 2018)
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suggests tht the first step is to distinguish the ways in which current uses for VR reflect the

themes from the 1990s. Warren asks his reade

reality resurgence and which aspects are carried over from the previoup dtt& ? 0
Where three decades ago, the reasdnghe potential of VR is so important as a tool for
exploring creativity were, on account of the technical limitations, largely speculative. Creatives

today now have opportunities to designing the fram&s/éor howthe potential of the virtual

can become a reality. As Warren points out,

revolutionize, rather to final?lJystamWdaren good
argued about the value of the performarts as a form of physical interaction, creatives from
other artforms are now needed for designing how we use the technology. As Art Professor
Brendan Kelley recently stated, Alt is the
rolein VR d e v e | §Thewamof theccontextual background | am providing in this text is
to connect the how of artmaking in VR with the cultural ideas initially proposed by artists and
theorists thirty years ago, as these themes, despite the technologaradesj\continue to
perplex us.
Embodiment as the key qualifier

A feature that distinguishes the current state of VR from that of the 1990s is that
technological innovation has created new pathways for exploring embodiment. Embodiment in
VR describes botthe feeling of a lived experience as well as the sensations that make up what it

feels |ike to be alive. Phil osopher Hel en

8 (Warren, 2018)
% (Warren, 2018)
10 (Brendan Kelley, 2019)
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p h e n o m& in that idconsists of both the feeling of ownership of the body as well as

subjective feelings of the senses.1894, Morie described a future scenario for VR where the

quality user involvement could be improved by thropglgsical interactions. Magispecifically
addressed the need for bodily mowaystent i n i mm
mani pul ate things in these Worlds, and to cha

The emphasis on physical embodiment is even more relevant today. Users in VR can now
interact using physical movements of their bodies with a heightened degree of sensitivity and
feedback. The technological advancements in VR mean that the types of manipulations Morie
listed can now include recording the speed and direction of physic@mamts in virtual space.

Embodied interactions are thus enhanced through features like the-tsaokimig and pressure
response of the hand controllers and the six degrees of freedom in the lightweight HMDs. The
advent of these features helps in forghaloser motossensory connections, effecting a

convincing sense of immersion by making moving around in virtual space feel more natural and
intuitive.

Since we engage in the world on a practical level through embodied interactions, physical
movementisheo mi ng an essential compo¥eAsChansayst he #@p
AEmbodi ment is integral to understanding the
V R ¥ &Warren proposes that the physical performance found in acting could contribote to

we | earn to use physical i nteractions in VR,

11 (Chan, 2018)

12 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994, p. 136)

13(Chan, 2018)

14 (Chan, 2018)
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t e ¢ h n®thauhels s communicate in virtual spa¢&here is a growing discussion about

the use of VR for embodied games in the education seletorinstance, Mina C. Johnson

Glenberg of Arizona State University, lists embodied games as a category of video games that
incorporates gesture into the act of learning. Embodied games are often designed to address
topics that havoeu gbhe etnd’likersEadcenand, physicd, angt make use of

how the body moves to make concepts feel more real.

Sketching and embodiment

The advent of tactile controllers in Mrave led to a flux of recent studies have proposed that

another form of emboedd language could evolve from the gestural motions of drawing, or

specifically, sketching. The marks of sketching are commonly understood as being useful for the
intentional design of visual representations. Tracy Hammond and Paul Taele of Texas A&M
University recently conducted a study about sketching interactions for interfaces. Their research
covers a broad spectrum of domains including education, artificial intelligence, science, and
engineering. Hammond and Taele argue that sketching can be mteit, as fa type of
activity that we ar e abl%Hammond@med Tdele additionally dai | vy
point to the effectiveness of sketching as a

thinking, learning, and communc at'f on . o

15 (Warren, 2018)

16 (Warren, 2018)

17 (Mina C. JohnsoiGlenberg, 2015)
18 (Tracy Hammond, 2019, p. 708)
19 (Tracy Hammond, 2019, p. 709)
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VR and drawing in context

In recent years, several artists have been turned to drawing a means to develop their own
unique visual language for creating VR experiences. Laurie Anderson used drawings in the 2017
VR installation The Chalkroomyhich she designed with her longtime collaborator, H3i@en
Huang. Using diluted chalk on traditional blackboard surfatedersonrandHuarg projected
handdrawn gesture strokes as interactive elements inside the virtual environknelerson had
initially rejected the idea of creating art installatiémsVR. il di dndét | i ke that \
That 6s why | i nvent?ghysArnderson, eferfing to hewse/of lamd do i t
drawn media.

Recalling her initial impression of VR as having the cold, flat screen of graphical
interfaces traditionally associated with video games, the use of chalk was explicit for its messy
material quaties. The dust and grime of the medium so many of us associate with the
classrooms of childhood served as a transformative contrast to the clean appearance of pixels.
Having established her own way to bring the elements together to tell a uniquéstEyson
later compared working iR to be likecreating an oper&# The Chalkroom showed how
drawing could be applied to create an interactive, virtual performance of sorts in an entirely
unique way. While this may have succeeded in enhancing thaemgeefor participants of The
Chalkroom, however, Anderson did not create the drawings inside VR, but rather on physical
chalkboards that were projected programmatically inside the simulated environment. The
significance of the work in this document igpoint to the sense of agency employed by

Anderson in the act of drawing. It established why drawing has value in a VR experience, but

20 (Anderson, 2017, p. 38)
21 (Anderson, 2017)
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not how it can be useful for the artist creating directly inside a VR environment. For that, |
turned to the VR illusation work of Wesley Allsbrook.

Renowned for her art direction in the first m&de-VR handdrawn film Dear Angelica
Allsbrook also expressed an initial aversion to VR as a creative medium. was t el | i ng &
friends inprivate 0 s ay s abdut ensbérking onkhe partnership with Oculus Story Studios
in makingdg tthhd nfki M m igonna have to quit this |j
i s a p?LikéAndersonpAllsbroolemployed gesture drawing developher ownvisual
language and found a way create virtual landscapes that exude the expressive strokes and
dramatic colour palettes she is known for in her 2D artwork.

Allsbrook had successfully established a way of drawing with agency inside a virtual
environment, but heraflaboration with the engineering team at Oculus pointed to another
challenge about drawing in VR: her visual language was made possible by the support of
technicians. In fact, the collaboration resulted in a new creative application called Quill, which
has a set of drawing tools that were initially
since become the leading VR application for animation and other storytelling formats, and is the
platform | focused on most in my own creative research. se®h discovered in working with
Quill, however, without an engineering team of my own to support me, | faced some daunting
technical roadblocks. This was particularly the case when encountering the challenge of how |

could draw VR 06 wlared vdtls audiendesa t could be s

22 (Roettgers, 2017)
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The misconception of embodied creation in VR
At first glance, approaching VR as a sketching tool can appear the solution for how we
can most effectively communicate ideas, at least from within virtual workspaces. Sure enough,

the marketing of creative VR boasts of the limitless creative possHiltieich at least from the

images featured, seems to imply are possible thanks to how freely the artist can move, effectively

turning the act of drawing, painting, and sculpting into a dance inside an infinite virtual canvas.
The YouTube videosf Allsbrook painting in a VR headsatl serve to articulate the point of her
spatial freedom, where the gestural paint strokes that define her signature style encompass her

dancelike motions around her studio.

Creative VR apps are often promoted for the expressive movement afforded by the tools.

Gesture strokes like this are fun to create but not Allsbrook’s dance-like movement for a documentary.
optimal as artwork to be experienced by audiences.  In reality she finds this act “tiring” and works while
Artits must learn technical process to share work. seated at a desk.

Figure 1 Shows arimage ofVR Artist Estella Tspainting a stroke Figure 2 Demonstrateshie physical
movement of VR painting in "Phelps Vs. Shark", a 3D painting by Wesley Allsbrook, 2018

The disconnection of the body

In my own creativeesearch in VR, | was aware earlythat there was a disconnect
between my physical body and the space which surrounded me in a creative VR workspace.
Chan describes a similar experience while creating with Tilt Brush, one of the leading creative
VRappl cati ons. AThe movements that appeared

sense of embodi ment in the world at | arge, O

t

(0]
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shortl it ved physioalktiftégdodmwoidl d sAllshrookrecalls and da
AAfter a while, the danci g movements became
Allsbrook admits that she typically draws in VR while seated,sa®h learned to das
wel | . Al |l sbrook describes the stimgamgigl e of wo
pulling,?* which resonated with the struggle | experienced in trying to orient myself and the
objects | created in the endlessly scalable spadgecame increasingly clear to me that there
was a disconnect between my physical body and the sgack surrounded me in a creative
VR workspaceChan describes a similar observation ir
my attention was on the enveloping blackness of the-tireensional space generated by Tilt
Brush and the creative opportuni e s w®t hin it. o
What the marketing campaigns fail to address in the promotionofsd | ed o6cr eat i
opportunitiesd is how creators can share thei
VR. While traditional viewing formats like 2D imagesdavideo are perhaps more accessible
options for a creator working inside the virtual workspaces of creative VR applications, these
formats fall short of reaching the potential of VR, specifically in the way that Morie had framed
it in the early 1990s. Awrding to Morie, the potential of VR has two components. First, it
must be used to create works of art that would not be possible any other way or format.

Secondly, audiences need to be able to engage with the artwork as an immersive experience.

23 (Oculus, 2017)
24 (Oculus, 2017)
25 (Chan, 2018)
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The difficulty of sharing immersive work

The technical hurdles in devising creative workflows prevented me from designing
shared experiences. Early on in my creative
symbolized the impasse | faced in tramming works created inside the VR workspace
applications | was using, like Quill and Tilt Brush, into the kind of virtual experiences Morie had
outlined. | soon found that not only did preparing 3D content that in VR entail a fair amount of
skill and stategy if it were to be exported to other programs or formats, like video, | would also
need to grapple with the often daunting learning curve of software that is intrinsic to building
immersive experiences, as in gaming platforms like Unity or UnreahEngnd other'3party
software like Cinema 4D or Houdini. | was forced to make a hard choice between using the
studio time in my research for learning what | could of these applications or focus more on
theory and acquiring handas technique inside théR applications | was already working in.
Not yet certain of which software would be the best use of my time, | opted to focus on the latter.

In a recent article, Morie acknowledged this challenge | faced as a creator facing a

technical wall that bldeed my hopes of sharing the work the way | wanted to. Morie writes,

ANo | onger can a creative person have an idea
di stance. There are myri ad %A 9YPaistRagheltRossict onsi d
regards such challenging technical defthands as
The technical procedures are, as Rossin says,

somet hing off t ha&%Whatodedsaol |d6ywohraksdé tfoo rwocrrke.adt or s

26

27 (Gottschalk, 2016)
28 (Gottschalk, 2016)
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in VR is that the user must be able to interact in the experiences they create in an immersive way.
If this goal was not already difficult enough, to meet the potential of VR, users must be able to
experience theséR works with a sense of agency and in a state of presence. But before | could
begin to approach how to make this process easier for creators, | first needed to address how to

improve the sense of agency and presence for the creators in the immersivaeating.
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Chapter 2
Agencyin context

| chose to make agency and presence the overarching themes of this thesis because | see
them as the qualities that best describe the space where VR, drawing, axgpssfion
intersect.In the context of myesearch, agency in a VR experience implies that the user can
assume the role of a creatyr navigating an original path defined by their own unique set of
actions Presencemeanwhiledescribes thaiilling suspension of beliefFor presence to be
achieved,whatkever the user is experiencing in the virtual environment must feel like it is being
lived in a way that feels akin to a physical reality, rather than a digital simulation.

JohnsorGl enber g uses the term agen(@gfF Ato conngc
initiated) control and volition ové&iSonmehe indi
artists who were working with VR in its first run in the 1990s created immersive worlgatrat
users the freedom to experience the environment incaemvay. This could meahe freedom
to navigate freely, or it could consist of leavg@ermanent effect on the environmételley
referstothisa@ dynami cally changing tHRRe | andscape for

In 1994, Morie wroté h at t ihteractive wondl(i§) one where | can leave my
mar k; one that | 3nthesamneyaan grest, andtechnalogist Chae Davies,
expressed a vision for the technology of VR to show, through her immersive installation

OSMOSE, that computéechnology could be an expressive instrunféRefuting the terms

2 Invalid source specified.

%0 (Brendan Kelley, 2019)

81 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994. 136)

32 (Davies, Osmose: Notes on Being in Immersive Virtual Space, 2002)
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Avirtual realityo and fAuserso, Davies referre
experienced the space as Ai mmer santso.a Davi e
physical place, where artists could project their unique visions. Meanwhile, Mecreaied a
VR application called Polyshop. Users of Polyshopweredivene t er m A wWdor | d bui |
call attention to the agency of creating rather than simply navigating the envirorfingrg. e r s
should not only pick up objects, o said Mori e,
wi t h text urssaprecursocto rhudtiser feturedthat is emerging in creative VR
applications today, wrld buildersin Polyshopcould learn techniques from one another through
a community made possible through remote networkiffgoughthe support of a networdf
interactive learningcreators cdd explore agency by inventing new ways to use the tools for
their unique creations. These artists underlined the significance of user agency in VR by
designingtechnologicatools that could be used to fabricat@queworlds and record
autographical caent in a sharable way. For more background and examples of artists who
helped to define agency in VR, referAppendix 5: Agency in VR in context.
Agency in drawing

Agency is a key qualifier in the act of gesture drawargculatedthrough the emotiaad
experience and subjective expressiémt instructorHelen Soutldefinesgesture drawingsi a

guick sketch to expr?3 Sosithdescdbesihomthe doosd formofv e men't .

33 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994, p. 83

34 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994, p. 136)

35 (South, 2019)
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sketching seeks to capture the basic form and expression of moveraentbject® The act of
gesture drawing activates a sense of empathy, a significant feature in subjective expression.
The study of life drawing, that is, the act of drawing a live model, is often recommended
as a means of training the hand of thesarSimilarly, the creator in a VR workspace interacts
with the pressure sensitivity of the controller to connect msgtosory movements of the hand to
the graphic responses of the strakeealtime. The sensorial interactiord gestural
movements i@ recorded over a lapse of tinmegreasng useragencythroughthe motoric
modality. Additionally, be inputs of VR controllers can be usedrmakingtheii ndi vi du al
g e s t u r*éwranghtwithdubjective expressiaand resulting in aniqgueautographial
signature
Reflecting on the comic book style of VR artwork he had created using tigt, Matt
Schaefer articulates the significance of this skill with the controller, where thegleatute of
the outline wor k chalemgingaedtime on & e mit h$ Havevprgas t . 0

Schaefer eventually discovered, the skill can become more intuitive with practice. As evidenced

in his work AAl exds Sci Fi Worl do, Shaeferos
persondl zed and human. AAl though this took a | ot
with a statement that perfectly exemplifies m

gave me total control over how the painting looked. The result is orgashicas a handrafted

gual3 ty. o

3 (South, 2019)

87 (Garvey, 2002, p. 303)
% (Schaefer, n.d.)

%9 (Schaefer, n.d.)
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lines gave the work a “hand-crafted quality” that came through in “all the mistakes and
imperfections.”

Figure 3 A still-framef r o Atex'$iSciFi Worldo, a VR project drawiin comic styldoy Matt Shaefer,

from Quillds website.

In thewidely acclaimed textbook, The Natural Way to Draw, Kimon Niickda advises
students to draw not what a thing looks like, or even wi&siipposed to be, but rather, what it
is doing?? In drawing the weight and mass, we are trying to feel the effects of these forces in
discovering the core motivation inthe formAl | t he senseso says Nicol
feel and empat htHeswekbrtheesubpeuaos. on Aconto
modeling, memory, analysis of contrasting curved and straight lines, predominating shapes and
their design withi  t h e 4f Such exerdses are designed to help the student draw the

subject with a deeper level of understanding and empgéthy.

40 (Garvey, 2002)
41 (Garvey, 2002)
42 (Garvey, 2002, p. 303)
43 (Garvey, 2002)
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>

Geture drawing expresses the energy of the body through motion and force.

Figure 4 Gesture drawing, "Paris Ballet" by Glen Keane, 2015. Figure 4: Forcenaokement are
demonstrated by Michael D. Mattesi, 2016.

Design Professor Gurt Hasenhutl describewihgasa pr ocessul dfi ¥fag é lofn o
similar to calligraphy, where through modes of perception, movement and introspection, the
drawing hand is the dict input of the bod§? Hasenltl attempts to describe the peculiarities
uni que to the act, where Athe drawing self ge
perceiving herself as dr dnherfoljowiagrsectioh, ewills el f b ec
demonstrate how drawing on a digital graphics tablet is an example of how the drawing self
becomes a tool, through the sensory inputs of the stylus pen and the surface of the tablet.
The agency of drawing on a graphicsablet

As a precursor to drawing digitally in VR, the design of graphics tablets is centred on

sensory inputs. Creators rely on the sense o

44 (Hasenhtl, 2020, p. 65)
45 (Hasenhdtl, 2020)
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The tablet responds to the pressure of the pen tip and pso@ddback that informs the artist

how to respond intuitively. For example, Allsbrook, who had played an integral part in the

design of Quill, was habituated to working with a Wacom tablet. Allsbrook ensured that Quill
transferred the sensory experiehice om t he styl us pen to hand con
controll erso, says Allsbrook, in explaining h
speed, my velocity, my position, and | can use the controllers to do anything that I might do with

my Wa ¢ o m* Allsbindk @also.integrated the hotkey commands into the sensory inputs so

that the sensory inputs of drawing were unint
infinitely, 0 she says, providing, ekbmpaescof o
and the featuresétt her eds a user interface, ant | use t

As a digital drawing instructor, | cultivated methods for enhancing subjective qualities of
drawing with the tablet. My classesaitbegan with routinpracticeto developmotorsensory
trainingof gestural motions ofthee n o n t he .tpaded acoundl the reomiikie a c e
yoga instructor, coaching tlstudents through exercisefere they practiceslow, deliberate
movementnd quick gestural flicks of the hand and wri$hese sessions aimed to bring a
guality of selfexpressionn the markmakingthat could be recognized by each student on the
first day of class, regardless of their drawing ability or technical aptitutthethng software. It
was a way to encourage them through the learning curve ahead by allowing each to look at the
screen, like a child looking at their fingerai nt i ng, and think AThatds |
The drawing tabletbeing referred to herae not the kind we think of today, where

screen technology has advanced to the point that we can now sketch on our phones. Earlier

46 (Oculus, 2017)
47 (Oculus, 2017)
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generations of drawing tablets (and still commonly used by creatives today) are a screenless,
tactile surface. Learning tdraw without looking (so the eyes are focused on the visual feedback
on the monitords screen) event ua-bkllganibge c omes i

i iR " Practicing pressure training with a Wacom tablet

A A" Light Strok
AL  Lightest Stroke Strongest Stroke gnistele

\-
Exercise 2: Up & Down and b " >
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| | |
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Exercise 6: Up & Down - e

Hard Stroke

Demo art by Karen Dalziel

Figure 5 Examples of pepressure and dexterity exercises &vedlop motomuscle training for drawing
on a tablet.

A common first | esson in tablet courses 1is
and again, a slightly more evolved form of the individual autograph. In my own courses, | had
students practicdrawing their way through a maze, with the goal of getting from start to finish
without the line of the pen grazing the sides of the maze wall. Throughout the course, | would
introduce methods of working with the tablet that enhanced the quality of thenma&ing while
working in tandem with digital techniques, like those described by Allsbrook. The results were
as encouraging for my students as they were for me, as they produced work that was often far
beyond what they believed themselves capable tfaat when painting or drawing with

traditional media.
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These are works of students who had no previous
experience in digital design applications, and some
of whom had no backgrounds as art. These illustra-
tions were composed entirely from hand-drawn
techniques with the tablet, methods from art
theory, and workflows in Photoshop and Illustrator.

Figure 6 Examples of portraits drawn by students in the digital creation courses | taught. All examples
shown are by students who had no prior experience with digitatipgior drawing with a tablet.

In a similar way, | sought to rethink drawing, not just as an iteration of digital drawing on
a surface. Because we live in a 3D world, visual concepts tend to come to us in 3D form.
Sketching ideas on paper or on a tablghils first cognitively transferring the 3D dimensions
onto the 2D surface of an image plane. The first promise | saw in VR then, was that by
removing that cognitive translation of 3D to 2D, creating in VR could give a lot more people
access to the pawfully imaginative skill of drawing, and therefore, increased agency in the act
of creating.
Finding agency: the challenge of translating drawing from 2D to 3D

Early on in my creatiommsresearch sessions in VRiound early on that, as Shaefer said,
drawinglines (gestural, freeform strokes) presentetialenge. | struggled to find a balance

between the expressive quality of the sketching, that involved the fluid, impulsive andilance
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movement of my body, and the calculation involved in conngctie lines in accurate
proportions andolume.
From years of practice in twdimensional drawing, | can sketch with proportional

accuracy while conveying the appearance of thiegensional depth.

Figure 7 A sketch | drewni a park conveys a sense of 3D volume and depth with a few simple strokes.

The two modes of drawing
| began to differentiate between two modes of sketching. Therfodewas more
gestural and expressive, likened to a form of Amagking, or whaphilosopher Nelson

Goodmarreferstoas he faut hentic, per shatoftenlinkedivdth si t uat i

8 (Hasenhtl, 2020, p. 57)
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free-hand sketchingThere is less reliance on accuracy ofrgetrical form and the focus is

more on the quality of the strokes.

Figure 8 A quick sketch of a squirrel that | drew in Quill. Fig@&he sketch fell apart when | changed
the view. Figurel0 An example from a sketching exercise | did in Quill, exploring layered strokes to
create atmospheric effects, along with a sketch of a fignrhese early sketches, tgjgled to find

harmony between the selkpression of gesture strokes, and the proportion and volume of the forms.

In the second mode of drawing, the spatial and proportional relationships of forms needed
to be calculated in conveying an accuracy in r@u | associated this act with the scaffolding
structure of a building undergoing renovation. This analytical approach results in the type of

drawing more associated with drafting.



Drawing Light in the CaveEmbodied Spatial Drawing in VR 42

Figure 11 These sketches show my eatiemits to find techniques for drawingplume and proportion
while freehand sketching iQuill.

When it got to the core challenge at hand, of translating this 2D skill to 3D space, the
vocabulary simply just was not there. | was perplexed by this, #genia a 3D world and must
learn to translate it into a 2D frame. It seemed the major benefit of drawing in VR was that it
bypassed that 3fp-2D translation as the cognitive block, allowing us to create ideas just how
we visualize them. At first, | lthattempted (and failed) to work out a system for creating
perspective lines to scale the infinite 3D space. Linear perspective is a method that artists use to
construct what our eyes see on a 2D image plane. It involves the use of straight lines that
converge together at what is known as a vanishing point on the horizon. The idea is that
although the mind knows these lines never actually converge, they appear to do so the further
they recede from our view. Perspective one of several depth cues wevapplyperceiving
visual space, and we use it to scale the distance between depth relationships of whatever is in our

view.
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Figure 12 Using a sketch of a lifsized stickman version of myself, | tried to scale the distanctapo#
mountain range Figure 131 drew a grid as an attempt to integrate linear perspective.

Intuitively | understood the reason, but it would be through the extensive period of
reading and reflecting that followed that | wasedtio spell it out. It simply made no sense to try
to draw with linear perspective in 3D space, because | was already inside the method itself. |
will expand on this problem in later chapters, as there are further considerations about the issue
of drawirng with agency in VR.

The surface shape of 3D geometry
| was also encountering an additional problem. Being able to see all the structural lines
overlapping one another in 3D is both confusing and distracting. Our eyes want the interior
space to be fille@ with a solid volumel n 3D model | ing, that interior
and can be described in the most simple terms as a solid fill. Conventional approaches to 3D
modelling involve a form of sculpting using a set of linear techniques and ©OfiEn seen as
an intuitive advantage offered by VR, the sculpting process can be manually rather than with the
clicking and dragging of a mouse. The technique is similar to squeezing out the contents of a
paint tube while moving the hand through spaceul@@ing the mesh shapes in VR with fluid
gesture strokes does feel intuitive, results in shapes that appear meradgethan what linear
3D modelling techniques can produce, and best of all for creators, a much faster process.
However, | discovered dg on that the benefits of sculpting in VR were far outweighed by one

major disadvantage: the process is anything but optimal. Unlike conventional modelling tools
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and techniques, which implicitly address the requirements of the graphic software, VRngodel
produces mesh shapes that are extremely heavy. This makes VR sculpted geometry not only
very difficult to work with in the 3 party software needed for sharing the work but also impose
major limitations on the content being created in the origifabyplication.

Pre-fabrication and Postproduction sculpting techniques

| followed countless tutorials created by VR artists that offered roundabout solutions to
the optimization problem presented by haedIpting the 3D mesh. The solutions were digdide
into two approaches, one being in{iabrication and the other in pgstoduction. An example
of a prefabrication technique is building basic 3D geometry, like a sphere, aautba cone,
with techniques that reduce the mesh content. The artistifess an additional set of tools to
manipulate these shapes to push and prod the details of the desired form. A detailed synopsis of
thisprocess is availabien Appendi X a®0 adperidpcd to scul ptin
While the process shares similarities to the haadielling of clay, it is also laborious and time
consuming two factors which weigh heavily on a person wearing a VR headset to accomplish
their creative tasks.

The postproduction approach, converggprioritizes the fluid, fredlow of organic,
handmade sculpting. Once the desired forms are completed, an additional step is added,
wherein the artist diverts to conventional modelling tools and techniques to rebuild the mesh in
an optimized way. Itraditional3D modeling, the geometry of a mesh shapeéedined by the
vertex points, which is how the system design of 3D gramlaintocate and position the objects
in virtual space. When working in a desktop modelling application, the artist caputade the
shape by adding, deleting or moving vertex points, edges or faces of the dlnjectample of a

postproduction method can be foundAnp p e n di x  7productibneappiiopch ® sculpting
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the mesh in VR In VR, this process is not only laflous and timeconsuming, but it also raises

the question of why this needs to be done in VR when it can be achieved in a desktop
application. This question is challenged by the statement made by Morie in 1994, in that for VR
to reach its potential, it ust be used in a way that is not possible to achieve in any other format.
My concern in this capacity is the use of VR as a design tool and the creators subjected to long
hours spent wearing an HMD. While no concrete health concerns or hazards thav@dreen
proven, these factors weighed in heavily in my own time spent in the headset. For those (like
myself) that work in VR, it soon becomes apparent that anything that can be achieved without
having to wear the headset should be mitigated to avmidng other factors, eye strain. | made
careful documentation of the physical struggles encountered while working in VR throughout my
creative research in this project. Through these recordings, a pattern began to emerge that

narrowed down the key pain ipb of working in VR: the gaps in a process known as presence.
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Chapter 3

Presencean context

Presence is arguably the most important factor in the quality of immersion in a VR
experience. The term itself is broad is commonly used outside the $adbpaechnology, often
attributed to any act that involves a state of being fully connected in an activity. Presence is
about feeling completely immersed, and can be a state attained through conscious focus, like
yoga or mediation, or as an unconsciomsdaluct of the concentrated focus of being fully
engaged, whether the act be reading a good book or doing yard work.

Presence becomes a paradaktopic where screen technology is concerned. A state of
presence can be a kind of cognitive escape, wthermental focus is so great that the physicality
of the body is forgotten. On the other hand, achieving a state of presence is also attained by
connecting with the perception of the physical senses, like the rhythmic breathing in meditation.
This paradx about the separation and, conversely, reconnection, with the body is a topic | was
deeply affected by in my creative work in VR, and one | wrote about and researched extensively.

The concept of presence in \@@n be loosely described as feelingolved in the
immersive experience just as we feel immersed in our everyday ra@ilggence describes the
feeling of being inside a virtual world, causing the suspension of belief and convincing the
senses that what they are experiencing is r8allRoges, the CEO of REWIND, a production
company that creates immersive experiencesf er s t his definition: APTr
VR, the f eel i ngnthehidual world. Pieseece wilccauseathe Lisgr to suspend

disbelief and believe thegre in the virtual environment, reacting to stimuli as if they were in the
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r e al AV Byintedhctiog with sensory inputs, the immersive VR experience becomes more
relatable to how we navigate in the physical world. An immersive simulation can getiss,
trick the senses into feeling present in the environment, or that it is real.

In 1994, Morieattempted to definét he ul t i Paeeded foripredencd, @re r o
believable state almmerson, descr i bi ng sonmethingsthattmakes itttomed e f i n al
a | i > While predicting that technological advancements in the sensory inputs would help to
increase the degree of immersion, the second quality of presence, that of willingness, is often
overlooked. Morie suggestshat thedegree of presen@®uld be enhanced/sensory inputs
beyond those we experience in everyday reality.one example, Chardbiesdesignedhe
breathingcontrolled vesas a mode of navigation in her immersive VR installations. Making the
point that there could be alternative ways of movingpace other than erect on two feet, Davies
sought to show how thdtimate qualifierin immersion could béhe embodied experience
Davies describethis asafi s e n s u-engompassid dpatial qualid§? Her works served to
help reconnect particgmts to their own bodies as they permeate space.

Presence and creating for VR

As | learned in my own creative research in VR, current applications and tools could be doing

more to improve the quality of the immersive experience. While the environneetiieatools

feel 6éreal &6 enough, my willingness to be crea

really believe in the immersive state, a user needs to want to be there. This point addresses the

4 (Rogers, 2017)

%0 (Morie, Inspiring the future: Merging Mass Communication, Art, Entertainment and Virtual
Environments, 1994, p. 135)

51 (Morie, Inspiring the future: Merging Mass Communication, Art, Entemaint and Virtual
Environments, 1994, p. 135)

52 (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
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quality of the experience itself and can be coragdo being fully engaged in a pagegner of a

novel. To truly reach a state of presence in VR, therefore, relies on both the sensory experience

as well as the desire to be present. Making art in VR is a thrilling concept when envisioned as
dancing arond in endless space, creating in the absence of scale. Once creating in VR becomes,
as Rossin said, fAsomet hdthewillingmessto pesentinthat! v need
environment becomes more of an act of will, to stay in the headset to geirthdone.

Rossin who had been working primarily in VR to create immersive experieneestually

made thdoss of physicalitythe focus of her workReflecting on herlsft to plexiglass

sculpturs as a format to showcase her artistic investigatiRossin writesi | 6 m trying to
the |link between the thing t hato*Bycredingsmalmpos s i
sculptures in VR then printing them on sheets of plexigRRsssin used blowtorch to soften

the plexiglasshen moldedheshape of th@lexiglassformswith her own body.fiThese pieces

that were really physical, that released sort of falseds@éfi Rossin reflectsalso referring to

theworksasian artificial® ar mour of a screen. o

%3 (Rossin, 2018)
5% (Rossin, 2018)
% (Rossin, 2018)
% (Rossin, 2018)
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Figure 14 VR artist Rachel Bssin sculpts with a blowtorch to mold plexiglass, an expression of the
screen barrier between mind anddyo

The screenseparation of mind and body
The screen separation of mind and body was a central theme circulating about how we
interact with technology in the 1990€0bb questioned our use of screen technology as a barrier
that separates cognitive proses f r om embodi ed engagement: fiWe e
dimensional screen and engage primarily with our minds, leaving our bodies, for the most part,
behi®Adc.cording to Cobb, VR can be seen as an e
tendency to further the $plit between our min
The body of the working creator in VR becomes constricted, and the more complex the
work becomes, the more slelike the body feels. To design 3D geometry in an infinitely
scalable space in a way that can be exported out of the creative software demands a level of
concentrated focus that renders the bedygept forthe arms, nearly catatonic. Furthermore,
continuous sessions or prolonged lapses of time spent in this state of focus can lead to headaches
and eye strain. Creating in VR being such a new phenomenon, we have no idea whether it could

lead to vision damage.

57 (Cobb, 1998, p. 186)
58 (Cobb, 1998, p. 186)



Drawing Light in the CaveEmbodied Spatial Drawing in VR 50

The strain on vision

Danni Bittman, one ofhe leading VR artists whose tutorials | followed throughout my
research term claims the risk to vision damage is real. Midway through my research, Bittman
became a whistleblower in the creative VR community when they announced their departure
from VR afte being diagnosed with not one but two eye diseases. Bittman attributed VR as the
culprit of both, and through a series of posts on Twitter, explains the science through captioned
diagrams. What | found most alarming was that Bittman sites the prac8Berodelling in
VR as being the most destructive.

Bittman had specified that 3D modelling techniques had played a part in the damage to
his vision, writing t P%adbdéee comtribisgitothe prabkm 3 D mo d
since 2016.Bittman offers an extensive, thorough and wetbated series of tutorials about 3D
modelling in Tilt Brush, which they had launched prior to experiencing vision damage. Having
followed these tutorials myself and invested quite a bit of time modelling in Tilt Brash)d
relate to what Bittman had alluded to about the eyestrain of 3D modelling in VR from my own
experience in my creative research.

The potential of the Hull Brush

In one of my first major projects in VR, | had focused on sculpting with the Hull Brush.
This had been a process of creative experimentation, whereby | ambitioned to sculpt a human
figure without much planning, allowing myself to figure out techniquesutyin trial and error. |
had initially been enamored by the functionality of the Hull brush, finding it to be as intuitive as

it was efficient. | imagined that through practice, | could become highly proficient with this tool,

%9 (Bittman, Twitter, 2020)



Drawing Light in the CaveEmbodied Spatial Drawing in VR 51

using its capabilities to eate highly complex 3D geometry while also evoking expression in the
organic forms.

The brush seemed to inherit the properties of traditional 3D graphics software, in a way
that distinguished 3D modelling in VR from conventional approaches in desktap8idations
like Maya or Blender. With these inherent properties, it seemed possible to figure out techniques
that included optimization strategies while also feeling more natural and expressive. The
subjective expression is evidenced in the work itselfad wanted the figure to appear to be
swimming through space. Sculpting the geometry through gestural movements enabled me to
create in a way that felt like the practice of life drawing, where the mind focuses on not what a

thing looks like, or evewnhat itis supposed to be, but rather, what it is ddihg.

€0 (Garvey, 2002)
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Figure15A T h e dAsaulptur® l:made in Tilt Brush, using only the Hull Brusly. Catherine Reyto,
2020.

The reality of the Hull Brush

In my documentation logs, however, | tell a very different story. In the live video
recordings and written entries that followed these sessions, | described how | felt like a
combination of a welder and a car mechanic. | took frequent breaks from tsetamitigate
the eyestrain, in a way that felt like | was coming up for air. Though I could easily move and
scale the sculpted figure in virtual space however | liked, | eventually found it most comfortable
to maintain a lifesize scale and positionedi r ect |y above me. I woul d
far back as | could in my office chair, as though | were sliding on a wheeled platform underneath
a car. Though these physical adjustments enabled me to prolong the sculpting sessions, the
physical stain on my eyes and body played a major factor in my eventual decision to abandon

the project.
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In an industry like animation, where creatives are already subjected to long hours and
high-pressure deadlines, a transition to VR could be seen as havingdi@meyains on the
commercial front. Content can be created and animated in real time in VR, expediting
previously timeconsuming and tedious production pipelines. But it could also prove to be
detrimental to the vision of the animators, as but one ebean#dternatively, the risks imposed
on creators may result in a resistance to this technology. Given the potential of VR as a creative
tool, that would be a tragic outcome as well. It would have been enough to assume that future
advancements in grapBisoftware and the HMD lenses would resolve these issues. But the
more | learned about the issues, the more it became apparent that the task of finding solutions
would come from the handm experience and subsequent documentation of creators.

Drawing and presence

Presence can be understood as a pathway of sensory connections that connect the mind to
the physical senses. When this pathway is seamless, a state of presence can be attained. Any
gaps in this path, an obvious example being when an audkigraatof-synch with a video
track, will prevent or interrupt a state of presence, even if these gaps occur in minutely subtle
ways. The challenges creators face in working in VR in a state of presence are examples of such
gaps. Eye strain, for exampls the result of a gap in the sensory process of creating 3D
geometry in a digital simulation of a 3D environment. These gaps, and how they connect the
sensory inputs of vision and touch through a state of presence, can be better understood in the
contet of drawing.

Drawing, especially the practice of life drawing and that of drawing from observation,
involves being in a state of presendecording tofamed drawing instructor Dr. Betidwards,

drawing is a skill made up of component skills, eagragenting an aspect of visual
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perceptiorf! Edwardstakes the approadhat learning to draw means learning how ta see
Learning to see perceptually the way artists do, Edwasilsts is askill can be learned by
anyone, as learningtodrawopensacese t o fAski |l |l s you already have
r el e & 4 eaming.to draw well, says Edwards, is simply a matter of learning five component
skills of perception.The first four skills must be taught then acquired with practice, and the fifth
isa fAclickingo of the fir $tEdWaasicallsthis fifith skilhtheact o f
i Ge s %amd compares the learning process in drawing to that of riding a bike, implying that
once this global comprehension occurs, the skill of drgwiill remain for life®

Michael D. Mattesi, author of the instructional bdédrce: Dynamic Life Drawing
explains that learning to draw perceptually means entering a state of présgéheeheightened
focus is achieved by learning to draw what thesesee, in an act that connects the sensory
perception of vision with the motanuscular activity of the harfd. Mattesi breaks down the
process of perception, thought and physical a
thinking about what we see®%® and then using ou
The gaps in presence

According to Matessi, the issues that occlee Interruptions in a fluid process, derive

from gaps that occur between these sf@pEhis most often takes place when, in looking at

61 (Edwards, 2012, p. xviii)

62 (Edwards, 2012, p. 3)

63 (Edwards, 2012)

6464 (Edwards, 2012, p. xviv)

65 (Edwards, 2012)

¢ (Mattesi, Force: Dynamic Life Drawing, 2017)

67 (Mattesi, Force: Dynamic Life Drawing@017)

€8 (Mattesi, Force: Dynamic Life Drawing, 2017, p. xvii)
% (Mattesi, Force: Dynamic Life Drawing, 2017)
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something, we form a mental picture of what we saw that is based on our own version, or

assumption, and we draw thighar than what our eyes perceffeThe gap between the eye and

the mind is the most crucial in drawing, and in order to close it, says Mattesi, the mind needs to
believe what it actually seés.Mat t e s i describes this as ffeelir
i n the "hwharetmistsecond gap perceptual flonhas been closedr as Matessi puts

itt wheniyou focus on your hand moving at “the spee

drawing becomes a state of presence.

CQESENCE-

Figure 16 This sketch illustrates the sensory path of presence in drawing.

The disparity between the speeds of the hand moving, sight and thought, could be a

contributing factor in the gap presence when sculpting, rather than drawing, 3D geometry in

0 (Mattesi, Force: Dynamic Life Drawing, 2017)
1 (Mattesi, Force: Dynamic Life Drawing, 2017)
2 (Mattesi, Force: Dynamic Life Drawing, 2017, p. xvii)
3 (Mattesi, Force: Dynamic Life Drawing, 2017, p. xvii)
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VR. | investigated studies about visual perception conducted by neurobiologist Sir Colin
Blakemore to find out whether there could be a correlation. | had felt, on an intuitive level about
3D modelling long before VR, that the practice of sculpting the shape of the mesh was
inconsistent with the mechanics of visual perception.
The hierarchal steps of visual perception

According to Bl akemoreds studi etshyfirstur eyes
distinguishing the edges of their shaped$n discerninghe shapgof objects in our periphery,
our eyes first recognize the edges, followed by the surfaces, then finally the $h@ipesad
more on how this works, refer to Howev8b) models are sculpted in a reverse order, where
shapes are used to sculpt into recognizable forms. The coateursly formed oncthe object
has been sculpted into the intended shafes reverse ordring (of perceiving the shapes before
the edges of forms) may be counitguitive to the natural way our eyes perceive obje8B

modelling techniques in VRouldthusbe causing gaps in presence and contributing to eyestrain.

4 (Blakemore, 2019)
S (Blakemore, 2019)
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Figure 17 The top rowof the diagranshows howthe first step of creatin@D geometry begins with
points.The second step, lines connect the points to form eddés.ordercontrasts witlthe second row,
which shows that our visual perception recagsi the edges fitsiThe points of 3D modelling that
precede the edges may dmusinggaps in presence.

Drawing as an increased state of presence

Drawing a form by hand, by comparisdiggins byfirst definingthe outer contour of the
shape.Lines defne the edges of the fornThis means the edges of the shape are drawn first, as
a series of handketched lines. These lines will eventually define the both the shape of the form,
as well as describe the volume and mass of the object being dBgwimst drawing the edges,
or lines, that define the form of the shape, the speed at which the hand draws these lines matches
the speed of sight and thought. The second gap in presence, the connection between the eye and
the mind, is thereby closed. By priizing drawing, rather than sculpting techniques, creators
can work in VR in an increased state of presence.

The elevated state of presence of drawing over sculpting is recognized by sculptors who
work with material mediums. The faster connections betvteought, vision and hand
movement allow for faster iteration of ideas. As famed sculptor Henry Moore gut®it, a wi n g

is a means of finding your way about things, and a way of experiencing, more quickly than



Drawing Light in the CaveEmbodied Spatial Drawing in VR 58

sculpture allows, certain tryouts and atpein € Saulptures often begin with haiiawn
sketches. Theompounding forcesf the model can be felt through the physical expression of
weight and mass in the gesture strokes. By beginning with sketching rather than sculpting in
VR, creators can focus their attention on what their model is doing, rather than what it looks like.
Rather than think about what the model is supposed to be, the mind can focus on feeling its core
motivation in reaitime through gesture strokes.
Chapter 4

A drawing methodfor 3D forms

While working on The Diver, | had developed a technique thatbatesme the
foundation of the method | designed for spatial drawing in VR. The technique had come to me
by recalling |life dcawtogreéxerawsaeagcal MTéad sAi o
describeghe volumeof a form usindines that travel acroshé form. Crosscontour drawing is
a way of drawingproportionally while conveying a sense of mass and depth. When cross
contour drawing is done with expressive gestural strokes, it beconieadnt i t ude and
appr &mcefiecting the eye movement incdaaround what is seefhe crosscontour
technigue in drawing a human figure in 2D, for example, is about feeling the force and mass of
the shape through spiral lines, like overlapping springs or Slinkies. By drawing what the eye
sees, rather than thimg about what a thing ought to look like, the gap between the hand and the

mind is closed.

8 (Francis D.K. Ching, 1997, p. 262)
7 (Fry, n.d.)
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Cross contour in flow, closing the gap of perceptual sensory
style of realism stylization / genre

coordination by focusing hand movement on the speed at
which the eye sees and the mind thinks.

Figure 18 Comparisons between stylized sketches of a figure using thecomtsgir technique vs. using

the crosscontour spirals tdeel the force and mass of the figure through gestuiteefirst approach uses
crosscontour as an aesthetic, whereas ieeond approachses piral-like gesture stroke® help close
the sensory gaps in presence.

The shoulderas a surfacesupport

When drawing in VR, however, where there is no surface plane to support (and stabilize)

the forearm, it becomes rather challenging to retain a consistency in the rhythm of the spiral
l i nes. I

found that by exteqgdiing imy @osi i nom
joint, the rotational axis of my shoulder could become a substitute for the surfacelpiangd
then apply pressure on the controllerds trigg
slowly bent my elbowbringing my hand towards my eyes in a rhythmic, circular motion.
Because of the

spirald@

ng r ot at techmquewhichdk egan t h
would later evolve into the design of a method for spatial drawing.
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The corkscrew technique
Controller / stroke

begins here ° B Arm moves toward

’ a9/ " the artist, directly in
f . thelineof sight.

Arm rotates at
sholder, wrist and
elbow are locked.

"® Controller / stroke
ends here M ?

Figure 19 This diagram illustrates the spiral motion of the arm. The rotation begins at the shoulder joint,
while the elbow slowly bends, directing the drawing hand closer to the eyes. With the support of the
shoulder, the drawing hand can remainked in the line of sight.

The arm as a mechanical tool

It became most effective to sculpt the diver as though | were a mechanic lying under a car
for the same reason Michelangelo painted the Sistine chapel while lying on a horizontal platform
suspended Imeath the ceiling. Just as it likely had in these examples, | had thought it might
mitigate the duress of prolonged work sessions that required concentrated mental focus and
rhythmic, operational precision of my motor muscles.

The gravitational force vgaabsorbed by the supporting muscles of my back, while my
shoulder blade had instant access to relief from the material surface of the back of the chair.
The position converted my arm into a mechanical tool, the physics of which | could improve on
throudh practice. By relying on my arm to provide functional support, | was able to remain in
the flow of presence. My drawing hand could move at the speed of my eyes, while through
memory and imaginatigmmy thoughts were focused on the feeling the massaxne bfthe

model| empathizing with the movement.
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The spiral motion and visual perception

| later realized that the Corkscrew method had, through the experimental act of trial and
error, inadvertently established a way of modelling that was more nedwiglial perception
while also being aligned with the requirements of 3D graphics software. The corkscrew method
compensated for the absence of edges sought by my visual perception as the first step of my eyes
defining the shape of the form. By bendmg arm at the elbow and brining my hand towards
me while drawing the continuous spirals, the vertex points of the mesh followed the spiral
motion as it moved towards me through the depth of space, otherwise known asxtbe Z

The Hull brush was desigddy Google engineers in the 3D gaming engine Unity, so the
properties of the brush inherently responded to the 3D coordinate space of the XYZ axis. | had
learned fairly quickly that the Hull brush is unable to calculate curves. Unlike the 3D brushes in
Quill, which can follow the C and S shaped curves of a gesture stroke, the Hull brush follows the

cubic grid of the Cartesian Coordinate System.

The Hull Brush is unable to create “C” or “S” shaped curves.

The cartesian grid Form begins flat Adding volume Expanding the shape
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The grid is composed of
points: eight points for
each of the four corners
of a cube. Each set of
four points is shared
with its neighbour.

Keeping the hand level
with the X or Y plane (X
is shown in the image)
will result in a flat shape
that uses only points
from the X plane.

Moving the hand from
the X to the Y plane will
cause the brush to
follow the points along
the Y plane, becoming a
volumetric shape.

Altering the direction of
the hand back along the
X axis means the brush
returns to points along
the horizonal plane,
expanding on the shape.

Figure 20 A diagram | sketched in my process log illustrates how | broke dowsteps in the
functionality of the Hull Brush.
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The resulting behaviour of the mesh was that it dynamically recalculated the vertex
points from circular edges that followed the spiral motion, to linear planes, or in 3D modelling
terms, faces. Because of previous experience in conventional 3D modelling in Maya, | had
intuitively known that the linear faces being recalculated by the brush was making my model far

more optimized by reducing tllemplexityof the mesh.

The corkscrew and tapping techniques were used to create the contours and volume in the form.

Figure 21 The corkscrew technique worked with the properties of the Hull Brush to transform the spiral
contours on the mesh into elongated faces, resulting in a more optimal design.

The qualities of life drawing in 3D Modelling

| laterdiscovered | was not the first artist to attempt to infuse techniques of life drawing
into 3D modelling, nor a way to do so while aligning with the requirements of the 3D graphics
software. | came across a paper by Gregory P. Garvey from 2002, summaszinkshop he
had hosted on this very topic. Garvey was concerned that the sudden shift in the animation
industry from handirawn figures to computeendered 3D models was ebbing out the

subjective expression of drawing. Garvey sought out approaditdstlught something about
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the nature of life drawing into 3D modelling techniguesing ehuman figure as an example of

the natural curve of shapes in organic forms.

Garveyused NURBS (Notuniform rational basis spline) modelling rather than the

polygonal modelling that is commonly used in animation. Unlike polygonal models, which

create shapes based on individual vertex points, NURBS geometry averages out the points along

prefabricated curves, or splines. Referring to a photo image of a human figure, Garvey used

ellipse shapes to follow the curving form of the musckg placing circles close together,

Garvey had illustrated regions of the form where there was more, detzhl as the knees of the

figure, and fewer circles where there was less, like the smooth planes of the thighs.

Garvey’s 2002 workshop: cross-contour technique with circular shapes

e PT S

- W

|
/oo

Beginning with a 2D image

of a human figure, the
“circle tool” is used to

follow the topography of

the form.

i

HHHE

——

T

~y

Each circle is adjusted to
align with the contours,

with more circles where
there is more detail, and

fewer where there is less.

S
—\F\ | : |

==

E
o

IEEnE

Nl

. LS
The predetermined points
of NURBS ellipses are ad-
justed to follow the curves
to align with the natural
curves and indentations of
the human figure.

The technique is resonant
to life-drawing, in terms of
finding the form and grace,
and what Nicolaides refers
to as the “force” of the
body.

Figure 22 Images from Garvey's workshop show the use of NURB circles to follow the topography of the
human leg.Manipulating the shape of the circles to folltve curves of the musclbmughtsome

gualities of life drawing into 3D modelling.
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The hull in context
Interestingly, NURBS modelling finds its origins in the drafting techniques that were used long
before omputers. Drafting tools like protractors could not be applied in the rendering of
freeform curves, like that of the hull of a ship. Shipbuilders used flexible strips of wood, known
as splines, which were shaped into the desired curve by a seriesrof poitts. The elasticity
in the strip of wood contorted to the curve of the control points, in a way that resulted in the
smoothest shape possible. The shape of the spline could be dynamically adjusted by moving the
position of the control points.
Although | could find no documented correlation between the Hull Brush and NURBS
modelling, the namesake of the tool and the origins in the drafting tools of shipbuilders seems
more than coincidental. Though | went on to research the many iterations oblgRilhe Hull
Brush continues to show the most potential for creating optimized 3D geometry while in a state
of presence. In at least a very primitive way, the tool combines the ordered points of polygonal
modeling with the drafting techniques used teate freeform curves. In doing so, its
functionality attempts to meet the needs of the human designer while also adhering to the
requirements of the software.
Promising though it may be as the leading tool in VR creation, the Hull brush still has toways
go in closing the gaps in presence while reconciling with the mathematical principles inherent in
3D graphics. As my goal in this project was to suggest approaches for creators to apply in VR
rather than design new iterations of the tools, | focusedloav to translate the cressntour

drawing technique as a method for spatial drawing in VR.
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The Corkscrew method

| eventually made a correlation between Ga
when sculpting the figure with the Hull Brush. Té¢wkscrew technique is essentially the same
as the perspective technique known as 6foresh
in front of the line of sight. The closer to the centre of vision, the more accurately we can

interpret the angl and depth in space.
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The closer that objects move into the direct line of sight, the more they become foreshortened. While this
concept is challenging to grasp in 2D drawing, | found it the most intuitive way of drawing in 3D space.

Figure 23 An overhead diagram illustrating the cone of vision is overlaid to show how it correlates to the
foreshortening effect when objects are directly in our line of sight.

The line of sight
Reflecting on this observation led to an insight about how to signifi role that the
line of sight plays in perceiving depth relationships in the virtual environment. | observed that

forms were more easily drawn when they remained within the line of sight.
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Forms become distorted when they fall out of the line of sight.
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Figure 24 A diagram of the line cfight is overlaid on a drawing of objects drawn in perspective, to
illustrate the distotion that occurs irthe field of view in/R

The fixed, rotational axis of the arm provides a mechanical method for effecting the
volume of forms while freeing the astito focus on the expressive gestural shapes and strokes

that make up the contours.

Direct stroke inwards following the line of sight

Figure 25 The diagram on the left illustrates how our visual range diminishes the further objects are from
our direct field of view. The ilktration on the right demonstrates the line of sight as a work area for the
Corkscrew method.
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Spiral growth patterns in nature

Inspiration that led to a new method came while out walking one day, when | came
across a tree that struck my eye. There wdistanct spiral curvature that ran up the form of the
trunk. It led me to research geometric patterns in nature, soon discovering that the spiral was a
characteristic of the classic proportioning systems in geometry that date back to Antiquity. The
sprd pattern is a type of visual relationship
gual it i ‘@tkatdedcribé thefgmwith patterns in nature that are characterized by a spiral.
In her book, Geometry of Design, Elam writes that these patterns can be interpreted in sequential

mathematic formulas, such as the Fibonacci sequénce.

Spiral growth patterns in nature

The contour spiral growth patterns of pinecones, and
sunflowers and seashells are examples in nature that
share commonalities with geometrical proportions and
mathematics, culminating in what is known as “the
golden section”

Figure 26 These images illustrate the correlation between spiral patterns in geometry with those of
various forms in naturein this case a pinecone and a seashell.

8 (Elam,2001, p. 9)
9 (Elam, 2001)
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The subjective expression of forms in nature
It occurred to me that the spiral patt@f the tree did not form a perfect sequence. The pattern
of the tree had been influenced by a particular set of characteristics, such as its location, how it
had been pollinated, and the effects of weather. This meant that the pattern was a unique
expression, and the spiral was the result of the individual life experience of the tree. | connected

this to the agency found in drawing.

Subjective expression in nature

Insight gained from observing nature:

Although the spiral patterns in nature can be
characterized into ordained sequences, they
have a subjective quality. No single instance is
completely identical to the next. Rather, each
is affected by unique factors that contribute to
its growth, similar to the experience of the
individual human life.

Figure 27 The spiral pattern of a tree and a forest weed are examples of how nature prodigres
designs.

The crosscontour technique in 2D drawing

Crosscontour drawing with curved, or spiral lines is a technique for drawing objects
from observation while also expressing the individuality of the artist through the gestural quality
of the outines and the unique composition of the form. The subjective quality in spiral patterns
in nature made me realize that the crosstour method was also a way of mediating between

systematic patterns that makeup the geometric shapes of forms.
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Subjective expression in cross contour drawing

Cross contour drawing can be applied as a method of

drawing that mimics objective appearance of how things method of subjective expression, through

appear in reality. the gestural strokes that make up the out-
lines of the form.

Figure 28: The images of the plant and seashell on the left demonstrate thecortssr technique for
drawing objects with precision and realism. The sketch on the right shows hoveondgsr drawing
can enhance the qualities of forcedamass through the subjective expression of gesture strokes.

| comparedhe use of crossontour drawingf objects with precision and realism to the
same technique applied expressively with gesture strokes.comparison led me to the insight
that crosscontour drawing is very similar to the wireframing of mesh surfaces in 3D graphics.
As a method of drawing forms by hand VR, it could prove to be a means for artistic, personal
expression and the math of gtaphics to use similar functions in structuring forrhsuill
expand on this topic in the discussion section of this document.
The spiral shape produced by 8teapes about drawing how a thing feels, rather than what it
should look like The corkscre shape will define the mass and movemebant additional
structure may be needed in defining the force in the form. To execute this, expressive gestural
strokes catbe added along the length of the shajéth the curvature in the shape already
formed ly the Corkscrew method, thelsgear strokesan be drawn uh physical force and
energy. The linear strokes may become the part of the linework that remains even once the
mesh as they can possess an aesthetic strength, while defining the edges ron th€He

physicality of thdinearstrokes here becom#se autographic quality of the work, as the
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personal signature of the creator is expressed igdbtire.In defining the form by its edges,
through gesture strokes, rather than by the points es faicthe surface mesh, the final gap in
presence is closedlhe state of presence is increaB®dhe creator working on the pieaad

the finished work will be viewed by audiences in a way that follows the hierarchal order of

visual perception.

Pull controller towards line of Strokes are added along length Structure of the form is ready for
sight in spiral rotations, of spiral path to solidify structure mesh fill. Recommeded: export to
follow an image if needed. of the form. Gravity Sketch for optimal mesh.

Figure 29: This threestep diagram demonstrates how the Corkscrew method is done in a state of
presence,in how the eyes, mind and hand work together to feel the shape. The linear strokes are added as
a final step, to add edgesttoe form with unique expression.

Relieving eye strain with the Corkscrew Method

The Corkscrew method, in how it involves feeling out the edges of shapes through
gesture linespresents a possible solution for the eyestrain experienced with 3D modétiag.
freeform nature of gesture drawingieves the eyes from being focused forggqeriodson
fixed position, which is often the case when using 3D sculpting brushes to form.shhpes
steps of spiral gestures and structural lines and are alternated as the form is created, in a fluid
process of shaping the volume and finessing thetsire with gesture strokes. Shaping tools

can be employed to easily manipulate the spiral strokes in a way that, unlike working with a
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mesh, will not effect change on the remaining area of the form. The eyes are thus additionally
relieved from the intese focus on the line of sight, while the body is freed fronpktysical
constraim required inprecise movements.

Lockingthe am at the shoulddras the added benefit ehgagingwith the pressure
sensitivity on the trigger buttasf the VR controller vith increased motesensory precision. By
varying the degree of pressure applied on the trighgerstroke shape and weigtan be
dynamically adjusted in reéime. Once the form begins to take shape, additigestual
strokesfurther define théorm by iterating and eventually refining the form of the object. This
method is only as timeonsuming as the creator desires it to be, as it can be applied for rapid
iteration of ideas in 3D forms or to sketch the details of a finalized structure ovealsever
sessions. Additionally, by making use of other tools typically offered in creative VR
applications for warping shapes, the gesture lines can be easily manipulated at any point in the
process. Unlike the complications that can arise in working diretiythe mesh surface of a
model, structural lines can be altered without risk.

The Corkscrew method in action

| tested the corkscrew method by drawing a tree in Quill. | used no image reference and
sketched perceptually from memory and imaginatiorstinotively | worked facing downwards,
with my back arched and head directed toward the floor. | felt that my body was physically
engaged with the form of the tree in an empathetic sense, in bringing it to life by literally
growing it upwards from its rds. | used the shape tools to shift the direction and shape of many
of the circles, while imagining the natural bends and bumps in the trunk. As | moved upwards
and into the branches, | shifted back afnd for

duplicating circle shapes, often finding they worked best when in an interlocking rhythm.
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Locking my arm at the shoulder helped me engage with the pressure sensitivity on the trigger
button of the controller to enable variety in the stroke shape aigthtwe began adding

structural lines in the form of loose gesture strokes, more as a method of ideation than any
deliberate strokes that would remain as outlines. In doing so, | was sketching the volumetric
structure of the form through haidawn gestral lines. Nothing was permanent nor tedius to

edit, and the overall process was as satisfying and expressive as drawing on paper.

| used the corkscrew method to draw this tree from memory and imagination in Quill.

Figure 30 The image on the left shows how | used the Corkscrew method to 'feel' the shape of the tree,
while giving me the enough structure to add linear gesture strokes. These expressive strokes give integrity
to the form. The image on the right shows the cordhise of stacked circles (top left branclwhich

were thershaped with the warp tool.

AFilling ind the mesh

What is essentially taking plagéth the Corkscrew methad the steps a8D modelling
are being broken dowinto more manageable taskEhe Cakscrew method is the initial step,
where helines become thedgeghat will form the contours of théesiredshape This step
prepares scaffolding structure for theecond step, where theeshi s 6 f i | | ed i no.
there isyetno alternatre to the aforementioned methods of-fakricating the mesh with
primitive shapes or building the mesh with conventional 3D modelling techniques. What it does

succeed in doing is providing a way to render 3D geometry in any VR application, as freehand
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sketching is a feature shared by all platforms. The fdiad/n mesh can be exported as an FBX
file and is therefore not softwadependent. This frees the creator at hand to fill in the mesh
using whichever application or tools that best suits level oémaempce and the requirements of

their project goals.

Testing the method in Unity

| drew the tree | used the round | kept it quick It was easy to fill In Unity | added a shader
free-hand, from brush to quickly and simple, as the forms with that had been created for
memory and paint in mesh the fills and mesh and while Quill. Although rough,
imagination in fills then applied colour were just feeling expressive  the tree appeared natural
Quill. colour. for testing. and intuitive. while retaining the style

and qualities of my
subjective expression.

Figure 31The fivestep process of sketching the tree with the corkscrew method, filling in the mesh with a
3D brush, then importing to Unity and adding a shader.

The Corkscrer method is an approach to drawing spatial forms in VR in a way that
increases agency while closing the gaps in presence. But this method alone did little to resolve
the problem of how works created in VR could be shared in an immersive way. A comknon lin
between all formats of visual composition, be it painting, film, photography, or even sculpture, is
the relationship between form and spatbe Corkscrew Method had provided a way to
translate 2D drawing skills to 3D form8ut to consider VR an artedium, what remained was

the design of a methddr representing 3D space.
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Chapter 5
A drawing method for 3D space
The relationship between form and space is as important in VR as any other form of
visual composition, but 3D space, and how we understand it, is a very complex concept. My
lifelong acquisition of drawing skills had helped me translate drawing on a #izesuo a
method for drawing 3D geometric structures in VR. But when it came to translating the concept

of 2D space to 3D space, the vocabulary was simply not there.

Figure 32 This image illustrates the challenge of translatithe concept of drawing 3D geometry on a 2D
surface into that of drawingnside 3D space

As | previously mentioned, | had initially attempted to work out a way to impose a scale
system on the infinite space of VR by recreating linear perspective. It was all | knew to do, in
attempting to relate my methods of representing depth in 2D drawspmgent many months
going through cycles of prototype iteration, reflective writing and researching a vast array of
topics spanning frorart history, metaphysicsastronomy scientific studies about vision, and the
works of artists and theorists about VRventually, the ideas began to synthesize and coalesce
into an approach to immersive virtual space that could be of service to creators working in VR.
Like the Corkscrew method for drawing spatial forms, this approach is conceptual by design for

creatives make use of independently from what features may or may not be available in current
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creative VR software. The Corkscrew method is designed to enhance agency and presence in
rendering 3D forms in a way that caters to optimization requirements. Symikelqualities of
agency and presence form the core of this approach to 3D space while suggesting a method for
sharing the environment as a contained world. This method translates art principles dividing the
scale of depth into layers on a 2D plane thaypically used when drawing or painting
|l andscapes. |l have termed this method AWorl d
shareable, virtual world as the key qualifier that distinguishes the relationship of form and space
in VR from that ofa 2D image.

| will begin explaining how this method works by describing the key insight | came to
after many months of research: the XYZ axis is the link that connects the body to virtual space.
In the following sections, | will break down the key farst that led me to this insight, all of
which are rooted in the concept of Perspective.

Perspective is challenging enough a concept to teach, but deconstructing it, both in
rejecting it as a mathematical model of our vision, and as a political ideolgjeel like trying
to explain the way out of room full of mirror
became the most crucial point for me to attempt to get across to creators who are either currently
or considering working in VR. | belienvit is the most powerful feature about creating in VR as
an artistic medium. The most fascinating insight of my research was realizing the extent to
which the literal methods for working in visual perspective and the philosophical interpretation
of persgective, are essentially the same thing. By breaking with the rules of perspective, creators
are empowered to invent them in new ways. VR a tool that can be used by creators to create
alternative perspectives, both as literal methods of scaling spagell as cultural views. The

Worldscaping method | designed is but one example, and one that | propose in hopes of inviting



Drawing Light in the CaveEmbodied Spatial Drawing in VR 77

other creators to either build from, or redesign in their own unique way. To understatitehow
Worldscapingmethodpresents an atnative method for drawing in Perspectivethee saying
goes, the rules need to be learfiext beforethem. | have adopted the approach taken by Betty
Edwardsjn breaking down the skill of drawing into five components, each representing a
perceptuaskill. | present here the five componentsddwing in 3D space: The tilt movement,
perspective, vision, and scale. Like Edwards, | consider the fifth component the @estalt,
result ofthe four componentsorking together.
Component I The Tilt Movement
Translating the skill of drawing from a 2D image plane to a 3D world is a paradoxical concept.
Drawing in VR entails both being embodied inside the mathematical model of perspective and
rejecting Perspective as a method outright. To understhatiwas taking place in this
translation, | needed to break down the steps, and did so according to my own subjective
experience in artmaking and digital creation. | formed a link between three key events in the
evolution of the translation of drawing geective on an image plane to drawing with embodied
perspective in VR. Those key events are the practice of creating digitally with a stylus pen on a
graphics tablet, the VR navigation system designed by Char Davies, and the first drawing
application creted for VR. The link that connects these events is the concept of tilting, or
rotating, in an embodied way.

Tilt in the stylus pen
iti | to is an integral f eat u whkereintharawing lamldills desi g
the pen with a physicahotionthat the tablet responds to as a sensory inf.iftention of the
pen tilt is to be able to draw not just with the tip, but the sides of the pen amwseathulate the

sensation of drawing with material tools and media. Wacom promotes tedifeature that
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producesil i ght er but nféthatcancfaelgnare haturaldotthe dréwing grocess.
The tilt functionality provides a fluidity akintpe st ur e dr awi ng, or as des
website, théi g e slikeuappeoach to skeltci n®HThetilt enables thénandto access the tips,
edges and sides of the pen, or paintbrugtie pushing or pulling it horizontally across the
tablet, making the resulting artwork feel more afive.
Tilt in the Breathing-Controlled Vest by Char Davies
Daviesintegrated the tilting motion of the body to navigate space in her immersive VR
installations. 8nsordan the vest were used toeasure theotational degreef the spine,
enablingparticipantso move horizontally through the space in whidcredirection they chose
to tilt.83 The tilt allowed for free motion in any direction, which, when coupled with the vertical
movement that was directed the expansion and contraction of breathinthekbptly connected
to its surroundings. Davies des@bhow the tilt navigation helped participantsiba war e o f
their body functioths of breath and bal ance. 0
Tilt in Tilt Brush
The tilting action first appeared in VR in Tilt Brusind the significance of this feature is
apparent in the name of the applion. The branchame was derived from the earliest iteration
of the software, several years before other creative VR apps had emBgjeckit was possible

to draw or paint dynamically in depth, or thigienensionally the first prototypénvolved

8 (Park, 2019)

81 (Park, 2019)

82 (Park, 2019)

83 (Davies & Harrison, 1996, 27)
84 (Davies & Harrison, 1996, p. 26)
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drawing on a twedimensional surfaceThis 2D drawing coulthen, in virtual space, be tilted in
any directiorf®

Tilt and the Gimbal
In all three cases, the tilt rotation is taking place on the horizontal plane, and the point of origin
of the tilting mebanism is centred on a joint of the body. The tilt rotation of the stylus pen is
activated at the wrist, whereas in the case
navigation is rooted at the root of the spine. In the first prototype of TittBthe tilting
motion is based in the shoulder. | finally began to see a connection to a feature of 3D graphics
applications that had, while working in creative VR software, been literally in front of my face
for months: the gimble. Also known as the@o in the animation industry, this small but
immensely powerful tool is the predominant feature of 3D graphics software. The gimbal in VR
is made up of three ellipses that cross one another perpendicularly through the horizontal plane,
forming the shapef a sphere, with three arrows that originate from the centre of the sphere and
point outward to the surrounding invisible coordinates of virtual space. Both the ellipses and the
and the arrows are marked with the respective colours of XYZ space.
The tool can be used in many ways, the simplest being to move, transform, or rotate a single
object, a selected group of objects, or the contents of an entire environment. | began to see that
the tilting motion was the correlation between the rotatiadhénoints of the body and that of the
gimbal tool. Each of the joints was acting as a gimbal, and though the motion of the joint is

limited to the constraints of anatomy, it can be imagined as rotating within a sphere of 360

8 (Ungerleider, 2016)



Drawing Light in the CaveEmbodied Spatial Drawing in VR 80

degrees. It occurred to méen thinking of the sphere shape, that our eyes function in the same
way.

The gimbal tool, | realized, can also be used as a representation of the mechanics of vision. The
spheres of our eyes tilt on a horizontal axis, which, in the terminology dfireeigtes, is known

as the horizon line. As those who are familiar with the techniques of drawing perspective are
aware, the horizon line is situated wherever we fix our point of view.

To clarify the significance of the gimbal in how it relates to yeseand bodies of creators

working in VR, | need to first explain the other factors that led me to this insight. The first and
most fundamental factor is the discord between the mathematical model of perspective and

visual perception.
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Component 2:Perspective

The use of the XYZ axis as a method for working with depth and scale in 3D space traces
back to the Renaissance, with an invention ca
Albrhet Durer®® The device consisted of a square grid of strings that were held together by a
frame. The points at which the strings overlapped were each given a numeric value. By placing
the framed grid between themselves and their subject, artists could use these puints to

translate accurate proportions with a realistic sense of depth.

Durer’s Perspective Device

plot the subject out on paper in points. This resulted in a convincing representation of depth.

Figure 33 The image on the left demonstrates how the Perspective Device was applied, shown in profile

to illustrate the actual distance between @ntst as the viewer, and beyond the screen, the subject, as the
viewed. The image on the right shows how the points on the grid were used to translate the depth
relationships of the figur e, maa gteesc hrneitd@rawargkendo wnr oans
the Right Side of the Braindéd, by Betty Edwards, 2|

Perspective explained
This invention became the groundwork of phenomenon that was as valuable in fine art as
it was in architecture, as until then, there existed no formula for represdmtiegliimensional

depth in a way that appeared accurate. It also would become the foundation for the science of

8686 (Edwards, 2012)
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vision until very recently. The formula, called Perspective, evolved from a mathematical grid
into a simple concept so effective that it conéa to be taught to art students today. The
concept is to imagine that there is a 3D version of the grid device imposed over the world, so that
the grid squares become cubes of equal proportion. The horizontal side edges of these cubes
begin to convergtogether the further they recede in space, while the vertical side edges remain
equally spaced apart. The edges of the cubes are like the rows of string on the device, which in
3D, become straight lines that eventually meet at a single point. Thisvbicl, represents the
depth at which objects in the scene are so di
Vani shing Pointad. A third set of Iines horiz
backfacing edges of the cube. Thédses remain parallel to one another, but the spaces
between them decrease as they get closer to the vanishing point. The line that meets with the
vanishing point is called the horizon line.

Perspective deconstructed
The concept is extremely difficult teach, and | have attempted to several times, in various
courses, from storyboarding for film to illustration. What is so difficult to grasp is this intersect
of the vanishing point and the horizon line. The intersect represents the point at whagnthe s
falls out of view, or the furthest our eyes can see, and so it is the literal representation of our
6point of viewb. Two factors contribute to m
means accepting that the lines converging togéthvegirds a point on the image plane never
actually meet.However these lines never converge at all but go on in equidistant parallel.
Secondly, the vanishing point is in fixed position on the image plane, and in constant motion in
reality. The constantgsition is fixed at the centre of our view, which constantly moves to

wherever we shift our visual focus. In art history, this became immensely powerful because
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established the concept of the image plane, where a representation of a scene could ble rendere
with a fixed viewpoint.

When transitioning this viewpoint from the 2D image plane of a piece of paper or a monitor
scene to that of the 3D scene of VR, something very complex takes place in our vision that we
havendt quite f i gourwsoniolargely aneurdiogical piocess bféehe a u s e
brain, which we are only just beginning to make sense of. What was so effective about
perspective as a method was that it enabled a way to reduce our field of view into a simple
mathematical construciThe method was so influential that it became the basis for initial

scientific studies of vision. The premise was that our eyes worked like little cameras, where the
retina was assumed to be a like a flat projector screen that compressed all the 3Ehdata o

world around us onto a 2D image plane. Until very recent studies about the neurobiological
processes of vision, this premise was the foundation for how we thought our eyes worked.

Perspective as a political ideology

Inside the museumifinity goes up on trial.

- F r o Misiofis of Johanna by Bob Dylan 1966

The concept that the way we see the world is founded on the mathematical construct of
According to Char Davies, artist and theorist Brenda Laurel and others who have discussed
cultural themes surrounding computer graphics, Perspective entails philosophical ideologies that
have had immensely political ramifications. For one, the cubic grid imposes a scale that spans
the world, making it possible to measure earth with coordinatéspioithe same way that artists

had initially used the Perspective Device. The idea of a global coordinate system is rooted in
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Western thought, in assuming that it exists objectively and is something that we discovered,
rather than created. When the ogpicis extended to the Universe, the vanishing point from the
art method comes into play. Perspective is a method for representing depth with straight lines
that recede until they converge at a point. These lines never actually meet, but rather remain in
parallel and extend to infinity.

Linear perspective, and the mathematical system that evolved from it eventually led to
the invention of photography. The still photographic image in turn gave way to film, which
then led to computer graphics, to ciragin effects and video gam&sDavies argues that linear
perspective contributes to a distinct concept of space, where the metaphor of the grid, as the
screen of Durerés device, forms a separation
as what is viewedAs Davies points out, the early scientific studies about the perspéecivesl
operatives of vision are credited to Descartes, who also hgppée the founder of the
Cartesian Coordinate system that underpins computer graphics. Descartes is also the author of
the philosophical view of Dualism, which separates mind from matter. The ideology of dualism
is that through the power of intelleaban can ascertain order over the chaos of nature. Davies
argues that the domination of Western Man over nature was but one of many examples of how
dualities are integrated in screkased formats, including 3D graphics. Her VR installations
aimed to shev how technology could be approached as a tool for reconnecting these divides, or
as Davies puts it, healing the fractures, by creating conditions that enabled participants to
reconnect the mind with matter, where the breaticimigtrolled vest becomes thedy and

virtual space as the natural living world.

87 (Edwards, 2012)
8 (Pepperell, 2020)
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Perspective and the Infinite Void
Davies writes that #hconcept of a lifeless, infinigpace is inherent in conventional 3D

computer graphic techniqué&s She quotes Roger Jones in Physics as Metaphi@scribing

=
>
o

how the | aws of perspective summari ze our
unr e | at &drheeigiml.evironment of creative VR applicatiomgplies creating within
the infinite, mathematical void that Davies hdervedwh at Jones descri bes a
externalized, and synthesi zed Thisviewisechoedirc ol d,
in one of my earliest blog entries, long before | had read articles on the topic. | describe the
sensation bintense lethargy that increased throughout my creative session in VR, to the point
that needed to put down the headset and go immediately outside to sit very still while gazing at
trees.
Component 3:Embodied Space

The virtual environment afreative VR applicationsnplies creating within the infinite,

mathematical void that Davies had obserwedh a t Jones describes as an

externalized, and synthesi ze & Davies suggests¢hatc ol d ,
onlybyeluuéhg t he conventions in the technology, su
of i mmer si v &bewsed to areale alterpasive petceptions and worldviews. She

emphasi zes that space has a transrtamaimati ve po

attitudes towards our o wn® Toshiftnthg coacepdof \beaingo mi n g

8 (Davies & Harrison, 1996, p. 25)

% (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
%1 (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
92 (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
% (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
% (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
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space as an abstract, empty void, the creator
perceiving s u® Tescduldmansfoimtsconcept oftworleng in empty space
into one of being embodied within a place, which suggests having &£body.

Space as embodiment

Davies emphasizes the importance of the sensory experience of the body in feeling
enveloped by the space. She usesthefieco g ni t i v & toddswilweithp fedlingfn o
beingfi b o eeinlvye | o p e d o rP¥inghe interastoa of theebddy with its surrounding
space.Daviessuggests that we shift our conventional concept of an external, abstract space and
try to imagne space as we experience it subjectivay sensindiow we inhabit it, and by
understanding thate live within space, the concept of an abstract void is transformed into a that
of an encompassing place. The body becomes involved as a presenbdinggvithin this
pl ace, since, as Davies puts % QChallengiyegheng i n pl
conventions of th&racturesmbedded in the graphics of VR therefore begins with the immersive
role of the creator because,@avies quotesfrodac hel ard, fiwe do not cha
change o¥r nature. o

Spaceas embodied perspective

The reflective methods in my creative research had led me on a metaphysical pursuit that

seemed to coalesce well with what Davies described as a shift in o@ntiomal concept of

% (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
% (Davies, Rethinking VR: Key Concepts and Conse2003)

%7 (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
% (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
% (Davies, Rethinking VR: Kegoncepts and Concerns, 2003)
100 (Davies, Rethinking VR: Key Concepts and Concerns, 2003)
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space. | had, in one audio recording, described a concept of reality that involved a layered

system of spheres.

From my audio recording: “Reality systems”, a philosophical take on perspective

L POSURE —Layer 1: The self, or subconscious. Perspective is shaped
£ - AL No,{"‘“ by experiences and worldviews from childhood and
Pt Lo TN . -
e+ N memories. These form our inner frame of reference, and
/m;%"” —_ ~ / are projected through all subsequent layers, affecting a
/ﬁéﬁw‘ Y ﬁ?‘“‘t’ VORLp 7N\ \ subjective view throughout right up to the surface
) s /

—— Layer 2: Where we permit access to others,
but only in our closest and most meaningful
relationships.

——Layer 3: The shared perspective of a community.
From this layer onwards, our perception is
increasingly intermingled with that of others.

The surface of the sphere the concept of an
objective reality exists. We all participate in this layer,
in our interactions with everyday life in society, in the
moment in time in which our lives are lived.

\ S~ — . - 4 Time: where the present moved outwards as a horizontal
N ~ P succession of layers, the past and future moved on a vertical
~ - axis, with the past being below the ‘median’ of the present.

Figure 34 Diagram of my own concept about the layered perspectives of reality

This recording led me to the writing of theologist Tehard de Chardin, which in turn gave
way to a method for scaling depth in VR in an embodied Wdp.en | | at er came ac
writing about space being a place that implies someone perceivingcaintine, | formed the
connection to a spherical reality surrounding the inner reality of the self.

De Chardin writes about a s ph%indescribing model
his vision of humanity. The analogyescribed by De Chardhelped me form a link between
the metaphorical spherical perspective and the literal use of visual perspective that used space as

an art element! soon discovered that Moriehad s o referred to De Chardi

101 (Kruger, 1997)
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Noosphere in describing her vision for the future of VR. Morie applied the concept of the
Noosphere as a way of describing a network of creators working together in VR, an early
iteration of what we now know &®cial VR hubs where users can meet and sometimes create
together online. It was the first of several significant coincidences | would come across in my
research, which | would come to appreciate as not at all coincidental, but rather, different
perspedves about the same problem. The problem in this case being, how we can use VR as a
tool to help us evolve and come together in a spiritual sense, as De Chardin had alluded to in his
Noosphere analogy. Davies focused on the healing potential in howsmenekperiences,
such as her 1994 installation OSMOSE, could help reconnect our minds with our bodies, and our
bodies in turn with nature. Morie, meanwhile, hoped that a ubiquitous future form of VR, that is,
a shared virtual space that spans the glotseld help us work together to reach our creative
potential. My own perspective of the problem creating in VR was very literal, in that | needed to
find a method for representing visual depth inside a virtual simulation of depth.

Space and visual percejon

My investigations into linear perspective were the result of feeling | had reached an
impasse in my creative work in VR. While inside the 3D workspace it became suddenly very
apparent to me that the method no longer applied, and that withoutdtnblreystem for
working with scale and proportion. | became keenly interested in the workings of my own eyes,
a path of study that began with recordings of what I perceived while looking out at the world. 1
recorded my observations from different vantpgats, like the night sky on a clear night, the
long horizon line of Lake Ontario, and various cityscapes. These findings led me to compare the
differences in visual fields between humans and other animals, like rabbits, horses, and flies,

who on accouof the variances in their physical formation, see the world drastically differently
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than we do. The observations | had made all pointed to one common denominator, which
happens to underpin the technology of VR: stereoscopic vision. | felt | couldagpégs any
further without gaining an in depth understanding of how we see. My research about visual
perception ledo a key insight about 3D modelling in VR: the techniques of 3D modelling could
be inconsistent with the natural processwf vision indistinguishingthe appearance of objects.

It was throughesearching studigd| a k e mo r eabosit visuél pedcepaos
Bl akemorebds research that | was |l ed to a key
with perspective in VR. Attributing theork of visual artists as having made significant
contributions to the study of vision in western science, Blakemore delves into the history of
linear perspective. With substantial evidence, Blakemore argues that linear perspective neither
explains the Wwole story for how artists represent depth on an image plane, nor does it fully
explain how we see depth in the world around us. Blakemore points out that windeliti®
that artists of the Renaissance had mastered with this mdithadt accuratelyaplicate reality,
it could be used to manipulatew we perceived .t%? Artists could use the method, for instance,
todirect the viewerds eye to a f ocleverspodfnt t ha
the artistod® representation.

Artis ts and the Science of Vision

Since the Renaissance, many artists have made observational recordings what their eyes
see through representational paintings and drawings that do not rely on linear perspeetsee.

artists were less concerned with achigvenmathematically correct representation of reality than

102 (Blakemore, 2019)
103 (Blakemore, 2019)
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a subjective interpretation that app®aled to
Though this method had been widespread and deeply ingrained in art training since the
Renaissance, asts like Vincent Van Gogh have since invented alternative methods and devices

for drawing the perceptual depth of spad¥eThese observational studies have ofeat to the

patent of new methods of drawing perspectffe.

Perspective device patented by Perspective device patented by Van Gogh’s drawing demonstrates

J.J. McDonald Vincent Van Gogh his device in use in sketching a
landscape scene

Figure 35 These three images show examples of devices that artists have invented as alternatives to
linear perspective. These artists, and many others, felt that linear perspective inherently failed to
represent what they observed inunal landscapes, because there are no straight lines in nature.

| had intuitively done exactly this in my own investigative prototypiighile looking up
at a ring of tall trees | had just drawn in the virtual workspace, | impulsively tilted the ttps of
trees inwards, so that the trunks fell in towards each other, forming a dome around where | stood.
Standing inside the circle of trees towering around me, | observed that tbpsdegmpeared

noticeably more pleasg to my eyes. The effect somehaywpeared more real to how appear in

104 (Pepperell, FOVO: A new 3D rendering techique based on human vision, 2020)
105 (Edwards, 2012)
106 (Edwards, 2012)
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nature in standing erect angpright. Without understanding how or why, | felt intuitively that
my something about the construct of my own vision was influencing the effect of feeling like |
was standinrgstin a fAreal o fo

Motivated by this discovery, | researched the work and methods of artists who have
studied spherical perspective as a style of representdteventually came across the research
of Dr. Robert Pepperell and his colleagues, who have been stullgieffects of spherical, or
hemispherical influences on visual perception. Like Blakeniepperell argues that linear
perspective is not necessarily representing 3D space the same way as we experience it through
visual perception?” According to Peppell, this is especially the case in images that have, like
VR, a wide field of viewt%® Theextensive research and prototyping that Pepperrell and his
colleagues have invested in B rendering procedsas led to the conclusion that these systems
should not begin with the modelling of incoming lighike camerasbut rather with the structure
of visual perceptiod? Pepperell explains that our vision is influenced bysghieericalstructure
of our eyes: AOur | ight sheunts orns heetitePeppaiele r aersr. ay
concludes that the current 3D graphics technology, including VR, must reject linear perspective
and, likethe observational studies madeastists, begin with the structure of visual
perception-!
Learning about the cdributions that artists have made to the science of vision and visual

perception inspired me to believe that my research about visual perception in VR could be of

107 (Pepperell, 2020)
108 (Pepperell, 2020)
109 (Pepperell, 2020)
110 (pepperell, 2020)
111 (Pepperell, 2020)
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value. Both Blakemore and Pepperell, from the prevue of their respective disciplines,
neurohiology and fine art, make the point that artists have made significant contributions in
many other ways. For example, Blakemore demonstrates the work of Alex Coleville to show an
adaptation of perspective to represent a wide field of view of an opercéged$epperell
provides additional examples, listing John Constable, Van Gogh, and Cezanne as all having
deviated from the rules of perspective, employing direct observation rather than geometrical
principles to represent the visual field in their paigéin

Reading about the research achievements of Pepperell and his colleagues gave me
confidence in the insights | had been recording through my creative process in VR. | was further
motivated by the fact that like Davies and myself, he had a background bseavational
painter. Coupling this knowledge with the claim made by Blakemore about the contribution
artists have made in the science of vision, | finally reached a breakthrough in my research. | felt
overwhelmed by the task of having to overhaul theveational assumptions imbedded not just
in the 3D graphics and VR, but the conventions long ingrained in my own training in visual art.
As daunting as this prospect was, it was also exciting: | could suddenly appreciate the gravity of
what it meant to gmoach science as an act of creation rather than discovery. If scientific truths,
like linear constructs of depth, are created rather than discovered, then they can be recreated in
new ways.

A preference for spheres

The theme of sphericality had beemsistently reappearing in my explorations. My first
prototyping session in VR where | had impulsively drawn a dome around myself as though to

insulate myself from the looming void of the infinite space.
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The attempt to create a dome was led by an eagerness to recreate the feeling experienced in diving of being
immersed in space in a freeing way. With the intention of creating the “surface” look of the ocean when looking
up from beneath, and in contrast, the sense of dark depth below, | explored vertical space first.

Figure 36: Images of my first session creating in VR (Tilt Brush)

When | moved onto my first Aworl do project
the design of a spherical surroundheng &épl aced
environment. | had challenged myself to create an immersive replica of a scen& iceatligy
Japanese woodblock print. | had investigated design strategies about the atmospheric qualities
that were integral to the print. | sketched out ideastiéov | could enclose the space in a
spherical structure, hoping to find ways to use the tools provided in the program to be able to
achieve this enclosure in the design. | soon learned that creative VR applications are not
designed for the creation of@ased environments. The expectation is that atmospheric

gualities will be mostly managed in a gaming engine, where the scenes will be exported.
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The print | intended to | intuitively remapped the print as planning strategies for working with at-
recreate in VR a sphere mospheric properties of light and
weather

Figure37Fromlefti Sankei eni Gardeno, K91§) onoddblok printKklaphnay as hi  (
date unknownmy concept sketch of how the image could be assembled in virtual apdaay attempt
to visualizehow the 3D layout of the scene could accommodate atmospheric elements.

| had noticed a spherical structure in the map Bakisad documented of the immersive
world of OSMOSE. | had drawn diagrams connecting my own metaphysical ideas about reality
as | ayered system of spherical perception tha
analogy about the layers of Eartlgm the core to the stratosphere. | had recorded my own
observations about the improved appearance of tress curving to form a dome in the wide field of
view in VR, and | had come across artists who had eschewed linear perspective for a

hemispherical papective.
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| painted sweeping
strokes urrounding the
surface area to create a
sense of atmosphere.
The outer layers of
atmosphere were pushed
far off into the distance,
as atmospheric qualities
would appear in physical
reality

: A
2% “; The trees following the spherical curve appeared more
D> _ aesthetically pleasing and somehow more “real” or natural.
Standing at the point of origin, the trees towered above me as
they would in the physical world.

¥ /A'\
s Rl

| drew a tree, first in a 90 degree, upright position, but then on impulse | tilted it to follow the curvature
of the sphere. | then duplicated instances of the tree until they encircled the parameter.

Figure 38 Images from a prototyping session in which | inadvertently discovered the more pleasing
appearance of curvature in virtual space

Now | had the support of the research evidenced by Pepperell about our how our
preference for spherical phenomena could be attributed to the physiological and the spherical

shape of our eyes.

A comparison of the artistically-rendered projection in Pepperell’s study to my own observation in the 3D
environment of Quill's workspace. | preferred the look of the trees when tilted to follow the shape of the
sphere and found they appeared more natural to my visual perception.

Figure 39 Left: image retrieved fnm "Comparing artistic and geometrical perspective depictions of
space in the visual field" by Joseph Baldwin, Alistair Burleigh, Robert Pepperell, 2014. Right: an image
from my own prototyping of a spherical perspective.
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The spherical influence on humaisien led me to texts about some of the earliest
recorded discoveries about astronomy, when people looked out at the depth of space and
reasoned that the universe was a dome and we, on Earth, lived at the centre, then gradually, |
made my way back from thetill | could grasp a theory that was tangibAdl | had to do was
adapt the spherical tiered system to the art prinaptiving depth into layers: the foreground,
the midground, and the backgrourithis concept was sufficient fareating what | all a
Obufferdé for creators wor kiawgytoreontaihitwthitahe 1 nf i

layered sphere.

Spherical depth:
foreground, midground and background

Foreground

N

Background

eC ture p—

plane
I ' ' foreground

2D image plane 3D desktop
environment

3D environment in VR: layers of spheres

Figure 40 Translating the layers of depth from a 2D image plane to 3D space, then as a spherical
enclosure.
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| compared the spherical patterns we find in natural phenomena (described earlier in this
document in how | prototyped the Corkscrew method), to the proportional system drawn in the
famous i mage by Leonardo Da Vi noi,.0 iThhe edieangere
the original author of the diagram, tReman scholar and architect Marcus Vitruvius Pollio
The sketch shows how the proportions of the human body can form a perfect circle. Vitruvius
had recognized a harmonious aesthetic between hproportions and the geometry in the

design of their edifice’!?

B e o,

B e M A N
NSRSl sl s

Proportional
ratios of the Shoulder width

human body  p&— @ —

Fibonacci's \
golden mean ==
spiral, architect |

Palladio’s plans \
of La Rotonda | \[[X

P

/| ‘
Ny —S

B 53 e F ey T Sl e
The Vitruvian Man, from the notebook of ~ The golden ratio in the design of the
Leonardo Da Vinci, c. 1490. Notre Dame Cathedral, Paris, 1163 - 1345

Figure 41 These diagrams demonstrate the geometric forms found in the proportion relationships of the
human body: the circle, the square, the rectangle,thadpiral. The image on the right shows how these
four shapes are used in architectural design.

It occurred to me that throughout history, or at least, Western history, we have quite
literally been seeking out spherical patterns for the simple reasooutheyes are spherical. Not

only that, but like the early philosophers looking out at the universe, we perceive our

112 (Elam, 2001)
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surroundings as spherical, with ourselves at the centre. | wondered how much of what we have
discovered, about the spiral sequencesainne, the proportions of our bodies, and our observed
preference for the Golden Ratio in architectural design, was rooted in the spherical influence of
the two globes nested next to one another in the human skull.

Seeing is believing
Neuroscience hastablished that the visual processing system is largely the work of the brain,

rather than the eyes. In her book Visual Intelligence, Amy E. Herman quotes neuroscientist Dr.

Sebastian Seung to underline the extent to which the retivmlike filminac a me r a . Al t o6s
definitely not film, 0 says Seung. AThe retin
camera. | tos md'f Ehistomputer isaespomsibie fartwieat we think we see

just as it is for ahig sbhkbjeetiwmwa iBooght easii8

Seung goes on t o s ay* Andidt,gustasiBRlemdre purpors thatHireearb r a i
perspective does play a part in visual perception, our sense of sight is still at least somewhat
associ@d with our eyes. Specifically, | deduced
processing system engages 25% of our brain and over 65% percent of all our brain pathways, the
eyes could arguably still be responsible for 10% of how we see. It seemablplaume that

the subjective thought that plays such an influence on what we think we originates from the

stories we created while looking out at the world through the lens of spherical organs. The

spherical influence of that lens could have in turgrbeesponsible for how we have sought out

spherical and spiral patterns our perception of the world. We could be projecting our human

113 (Herman, 2016)p. 7
114 (Herman, 2016)
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identity in space by finding relatability in how we distinguish farimy searching for, and

preferring, all that aligna/ith how we see.

Component 4 Embodied scale

The fourthcomponenthat contributes to the worldscaping method is the concept that transforms
this synthesis of ideas into a practical application: the human body as a base unit of
measurement. To createVR with an embodied sense of scale, the person standing at the
centre of the virtual environment can scale the space based on their own proportions. The virtual
world created in that environment can thereby be a projection of the identity of the person
creating it. This insight came to me from a study conducted by Blakemore about how we
perceive depth relationships. Blakemore states in this studguhability to measure the

distancs of between depthetationshipsof objects in our vievbreaks dwn as these objects

recede in distance. While this may seem evident, the results of the study evidence the extent to
which our perception of scale is derived from subjective knowledge rather than visual
observation. The studies conclude that we are gbgdessing the distance between two or

more objects up to a limit of 80 cm. After this point, a mechanism in the brain begins to slow
down our ability to measure these distances, at a rate that accelerates the further we project our
view. To emphasizthe point of how shockingly small an area falls within that limit, Blakemore

states that 80 cm is roughly the length of a human arm.
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My brain says
those mountains
are 80 cm away.

Life experience tells me
that those mountains in
the distance are about
200 km away.

80 cm is an average length of a human arm

Our ability to scale the distance of things is derived from subjective knowledge about the world. The brain’s capacity to scale space
diminishes beyond 80 cm. Before consciously making inferences, the brain assumes that all distances are roughly 80 cm away.

Figure 42 Left: illustration of how we 'guess' the distance of depth by inferring to preyiaaglired
knowledge of the worldRight: This image illustrates the concept thatdatstretching the arm along the

same depth of visual field, we can plot out the distance between depth relationships of the objects within
the scene with greater accuracy.

Thelengthofmp wn arm roughly measures 50 c¢cm, and |
Bl akemoreds evident stature as a tall man. I
Western Mandés imposition of hi mselghtedon t he wo
scientist. But his proportions also correlate to those of the figure in the Canon of Proportions by
Vitruvius, of a tallish western man.
Component 5 The Gestalt

The ideas began clicking together when | thought of that figure of perfect progortio
whob6és arm span equated to that of his height

image becomes a sphere in 3D, where the span of the arms equates to the width of the diameter
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of the sphere.

Using the arm as a scale system in a virtual environment

The scale of this
environment is about
200 km from me to
the background.

background

Figure 43. A figure stands in the 3D environment of a VR application, extending her arm with the
sighting technique from drawing.

The space surrounding the creator is divided
into sections that represent the foreground,
midground and background in 360 degrees.

Figure 44 This image illustrates how the length of the arm can be used to divide sections of depth in VR.

The sphere therefore encapsulates the human body, with the sphere aligned with the
anatomical centre of the body, known as the transverse plane, located roughly around the belly
button. | connected this idea to the audio recording | had made, descril@regpgasystem of

spheres, with the self at the core.
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Could the proportions of the artist be used as a base unit for measuring scale in VR?
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Figure 45 Left: the Vitruvian Canon, by Leonardo Da Vinci. Right: The physical propotions of a VR user
as a 3D Vitruvian Canon within the first of five spherical layers
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Figure 46 The proportions of the user fall within the first spherical layer.

If our ability to perceive the scale of all that falls in view decreases past the limit of our
extended arm, then it made sense that our perspectilie wiorld, both in terms of visual depth
as well as our individual subjective experience, fell within the scope of the sphere incapsulating

the body.
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sphere Five

ophere Threg

Figure 47 The creator can apply their own physical proportions to transfoeMR workspace into an
embodied, spherical 'place’.

The Worldscaping methodin context

| theorized that by creating a VR world at the scale of this {sBd sphere, we would,
according to Blakemoreds study, have the most
the entire environment falls within the limit of the arm span, ouitald visually perceive the
distance between objects in the scene would have the best conditions for compositional
arrangements in the scene. For example, it could make deciding how far mountains are in the
background from a farm field in the midgrouraahd a scarecrow in the foreground, much easier
and efficient. The world scene can be sketched out in a scale that aligns to the range at which we

best guess the distances between objects.
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Sighting technique in drawing from observation

Accuracy is measured by the span of the outstreteched arm,
using the proportions that are relative to the body of the

vertical measurements horizontal measurements artist.

Figure 48 The images on the left denstratethe sighting technique from traditional drawing, which also
makes use of the outstretched arm. In sighting, the artist uses a pencil to mark distéeciesage on
the right showshe sighting technique in practice

An additional feature of thisystem is that it can be used to upend conventional
associations of navigation, as the median of the sphere is not at our feet, like the traditional
ground plane, but at the centre of the body. The body is thus situated inside the centre of the
world, raher than standing on its surface. To create a ground plane, the creator must consciously
draw one, and could just as easily decide to place it above, below, beside or in front of them, or
omit the concept of a ground plane altogether.

The stepsof worldbuilding using thesemethods
The steps are introduced here as a general workflow and order is up to the creator and tasks of
the project at hand. | wilummarize the steps then explain each one in context.

1) Draw a circle in VR and scale it to the widithoutstretched arms.

2) Duplicate the circle and position the copies to form a sphere around the body

3) Staying within the sphere, sketch the position of elements that will be in the scene

organizing them within the foreground, midground, bBadkground.
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4) Duplicate the spher@ot the sketched environment).e&ping the original in
position, scale the second sphealeng with the environment sketdb,the desired
A h u msai nz e d oFordeptn that resembles how we perceive distance in hatura
settings, scalantil theperimeter of the sphestarts to fall out of view.

5) Import the worldscene in Unity and set up the project to match the scale and view in
the VR application.

6) Draw thescene elements can be drawn in detail. Us€trkscrew element to begin
spatial sketching each elemasta 3D form

7) Sculpt the mesh of the forms using & or postproduction technique of choice.

8) Import and position the nowomplete 3D models into the scene in Unity.

Step 1:Initializing the body in virtual space( Hel | o, ) Wor | d! o
To apply this concept in VR, the first step is to draw a circle, then scale it out till the
radius reaches the tips of the outstretched hand. Doing this requires one hand to physically feel
the other hand where ibhv e r s 1 nworldlaredmdikra @asitioa for it in the virtual one.
This not only serves as a way to add measurements, it also brings the physical body into the
virtual world, and does so as the very first step in the creative process. Like ttiseexer
common to all those |l earning to code, or prog
of the body, being initialized, or spawnéato the virtual world. Once this ellipse is positioned
at the scale of the arm span, it needs to be dugticand positioned vertically to align with the

head and toes.
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Step 2: Scaling the worldwith embodied proportions

Once the world has been sketched out, the human body of the creator of this world becomes the
base unit of the intended scale of the envinent. How large the world is intended to be is

subject to the project at hand. Whether the world is intended to be 20 km or 200, the base unit of
the human body can equate to 1 km ok20andcan be decided at any point. The fixed

variable of the scalis the same as the one we apply when looking out in the natural world: the
horizon line. If the intention is to create a world that simulates our natural field of view of vast
areas of space, then this world need simply be scaled out in VR till this fiedi (a handirawn

ellipse that forms a ring at the centre of the body) falls out of view. To scale the world, the

initial sphere must be duplicated, so that the duplicate is what is scaled out in virtual space. The
initial sphere always encapsulaths body, at the centre of the world, at all times. The reason

for this is that the body within that initial sphere becomes the gimbal.

Quill: 3D sphere map 3D map: scale world

Outer sphere is aligned with extended

2D “slice”"map arm, or at roughly 80 cm (measuring arm

Creating the sphere

imported as layers by hand plus adding or removing values helps)
reference

Scale measurements are added: Coordinates are added:

0 - 360 around the radius, 90 is north, south, east, west

aligned with line of sight.

Figure 49 These sketches show the intial steps in setting up a foreground circle (ké)satle of the
outstretched arms. Additional layers are added as the divisions of foreground, midground, and
background.

Step 3: The body as the gimbal
The body as the gimbal circles back to the first component in the method and can now be

put into conext. If the human eye is not a camera, and VR is a simulation of our visual
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perception, then there is no reason for a camera in VR. The immersive environment is where
live-action film and animation as storytelling formats end. Because the view-igdisin,

there are no cuts in the scene, only things that appear and fall out offhewirst-person view

is that of a real person, using camera moves to control where they look is negating their sense of
agency.

To create in VR thus becomes an imanee theatre, where the background sets,
atmospheric elements, set props and actors are choreographed to align with the view of that
human at the centre. Whether the project situates the viewer as a passive audience member, or as
a player navigating in game, this principle remains the same. The elements in the scene align
to the viewer, whalways remains at the centre of the world

This does not entail that the scene must remain static, but rather, the opposite. The
concept of camera moves still siionly there is no camera, but rather, a husiaed gimbal at
the centre of the larger sphere of the greater environment. By rotating this gimbal, the whole
world rotates, along with all the contents within it. The hwsiaed gimbal becomes the
contolling parent of the environment, but the view of the human is unaffected. By tilting the
gimbal, the view can change from a busy cityscape to the bright sky and sun, without the viewer
turning their head upwards or looking up. The important point, heryes/that the viewer is
free to turn their head, or look around, if they so desire. The viewer is therefore able to engage
with the scene with agency

Thecreator of the scene is, through the Corkscrew method, able to draw with personal
expressionand sharghis experience with viewers from their figérson view.Because the

world spacentegrates the natural operatives of visual percepti@grawing hand moves at the
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speed of sight, which in turfgllows thespeed of visual thoudq With the perceptual gaps
closed, thecreator of the scemmnwork in a state of presence.
Step 4:Building the pipeline
Once the world has been scaled out, with all the elements in the scene having already
been sketched into position, tiedel can be exported from the given creative application. It
can then be reproduced at scale in Unity, Unreal engine, or whicHépart$ platform is
required for the project goals. Because my own experience falls within the scope of animation, |

useUnity, and will refer to it as the giveri®arty application going forward.

Quill workspace Unity workspace
' Y28 : 2 ’/\ ;
SN — el &k T
% é% = @ e S
2ot = \kx/ l\ 7 7
—G0 M b
The elements of the scene are When the world map is imported into Unity (or another
sketched out as a template. gaming engine), the base unit of measurement remains
The scale of the world map is set. consistent, making it easy to scale and position objects.

Figure 50 Sketching out the objects using the base of the spherical structure as a ground plane. The
scale, proportions and relative distanceghs objects in the scene remain consistent when the elements
are imported into Unity.

From this point, the process becomes interchangeable. An animator may choose to work
out the major sequences, like the rotations of the parent gimbal and more comypdexemts,
such as parallax rotation of the elements that fall within the foreground and midground, and
background. These sequences can then be exported to Unity, to test them while also establishing
the naming conventions, preparing the project directorgl,scene timelines. Or it may make

more sense to address the scene assets first, and for this the Corkscrew method comes into play.
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tments are made for

Figure 51 Once the depth layers have been plotted, the scene can be drawn out wdplecttieal
structure is scaled to the proportions of the outstretched arms.

As | had mentioned, the corkscrew method is but the first step in the 3D modelling
process. It results in hastttawn structures that define the form of the model and can achieve a
high degree of detail. But the mesh will need to be dealt with as a separate step. | feel that this
is up to the individual and can vary depending on the needs of the given project. One example
would be to use the VR application Gravity Sketch, whiahlmoes conventional tools and
techniques of desktop 3D modelling with new tools that are designed to enhance the sculpting
process in VR. There is a learning curve to this program, albeit not as intensive as that of
becoming proficient with desktop modeatj with software like MAYA or Blender, | am unable
to say whether it would be more efficient. Alternatively, the mesh can also be modelled in Quill,
Tilt Brush or Adobe Medium, though some system forfat@icating with primitive shapes and

subsequengsting in Unity is recommended.












































































































