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ABSTRACT

Abstract
Historically, the physical nature of architecture has
caused it to remain functionally static despite evolving
theories, materials, and technologies. The design of
spaces and the actions of occupants are fundamentally
limited by the laws of physics. This thesis and
associated project explore and present ways in which
architectural spaces can incorporate extended reality
to enhance the design and use of buildings in ways
that were not previously possible. Due to their partphysical, part-virtual nature, superimposed spaces can
change over time, on demand, or contextually, based
on their inhabitants. Extended reality can assist with
wayfinding, socialization, organization, personalization,
contextualization, and more. This thesis asserts that it
is essential for architects to familiarize themselves with
this technology, exploring new methods of design and
presentation for such radically different end products.

It is with this in mind that this document establishes the
basic functionality, terminology, and history of extended
reality before moving on to more modern capabilities.
After a glimpse into the near future of XR and a look
at its relationship to architecture, the philosophical
basis for treating the virtual as real is explored. Having
establishing its history, functionality, and reality, the idea
of spatial superimposition is then explored through the
lenses of visitor, designer, and presenter. My previous
work is then covered, touching on how XR technology
will become normalized in society and investigating an
approach to XR renovations that brings virtual mansions
to the masses. Finally, my thesis project, an XR-enabled
mediatheque in downtown Dallas, is introduced
and my processes of creation, experimentation, and
presentation are detailed so that others might learn
from and build off them. Despite its large scope and
cutting-edge subject matter, this work scrutinizes only
a small portion of the changes that extended reality will
undoubtedly bring to architecture and greater society.
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PURPOSE

LAYERED SPACE

INTRODUCTION

Purpose for Writing
Architecture has historically been an incredibly static
medium, each space being the same to each occupant
for decades. The reason for this is obvious; buildings
are strictly physical, requiring inhabitants to move
through space to seek out different environments
while limiting the variety of environments to which
they have access. While kinetic architecture may
slightly ameliorate the situation, its physical nature
still fundamentally limits the occupants’ actions.

Extended reality can bring about a change to this mode of
operation by creating layered, superimposed spaces, part
physical and part virtual, which can change over time,
on demand, or contextually based on their occupants.
Designing these layers must become part of the practice
of architecture, and methods of presentation should be
explored in the process. With this thesis and associated
project, a virtually occupiable proof-of-concept space is
produced, demonstrating the new possibilities brought
about by extended reality, and a conceptual process is
executed which incorporates these new dimensions into
architectural practice. The end product demonstrates
the inevitability of a new spatial typology, helps current
and future architects prepare for a fundamental
change to the design process, and theorizes what the
end product of this new process could look like from
the perspectives of both designer and end user.
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INTRODUCTION

Organization
To accomplish these goals, the basic functionality,
terminology, and history of extended reality are
established, and the cutting-edge technology of the
present is detailed. It is already much more advanced
than most people realize. Next, the near future
of extended reality is laid out to separate what is
inevitable from common tropes and science fiction.
Its relation to architecture is then detailed, touching
on why virtual and real are not mutually exclusive
descriptors. Once the concept of spatial superimposition
is established, its implications on visitor experience
and architectural design are deeply investigated, and
a section on my own prior research supplements said
investigations. This leads to my thesis project, wherein
the design of superimposed space is expanded to an
architectural scale. Finally, my research is observed
and analyzed, final conclusions are drawn, and
recommendations for further research are provided.
This organization strategy aims to transition
from broad to narrow in terms of concepts and
scope. The project investigates only a minuscule
proportion of extended reality’s inevitable
changes to architecture and society at large.

xxiii
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1.1

VR HEADSET

THE BASICS OF EXTENDED REALITY

Terminology
Throughout this paper, many different forms of
reality are referenced. Different publications vary in
their terminology, and the technology of immersive
computing is always changing such that concepts
mutate, combine, and separate at a rapid pace. For this
reason, the main term used throughout is extended
reality. As seen in Image 1.2, various “realities” exist
on a spectrum which progresses from physical reality
to augmented reality (AR) to virtual reality (VR).

The most commonly-used marketing term is VR, a
technological concept which seeks to completely cut
one off from the physical world and immerse him or
her in a computer-generated substitute. A theoretical
ideal form of VR is imperceptible; it looks, feels, sounds,
and smells like the physical world. In AR, however, the
physical world is always visible, and virtual objects and
information are displayed additively. The theoretical
ideal of AR would include augmentations that are no
different from their physical counterparts. Mixed reality
(MR), is a term whose definition is most often altered
and misused. For the sake of this thesis, MR, while used
sparingly, will refer to a blurring of the lines between VR
and AR, meaning a single device with both the capability
to augment the physical world and get lost in the virtual.

Extended Reality (XR)

Physical
Reality
REALITY SPECTRUM

AR

VR

1.2
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Most importantly, extended reality (XR)
refers to the addition of any computational
technology that progresses beyond
physical reality. It is so named for two
reasons. First, and more obviously, it is
an extension of reality. While humankind
may always be limited to five fundamental
senses, extended reality holds the
capability to enhance our happiness,
health, productivity, capability, and
understanding of the world. Second, the
abbreviation, XR, suggests a variable. This
allows the term to persist regardless of
where the technology takes us, particularly
as computational realities merge. Before
moving into the future, though, the
history of XR must be understood to
properly contextualize predictions.

1.3

SIR CHARLES WHEATSTONE

While XR’s lineage is often said to stretch as far
back as panoramic paintings in 1787,1 the historic
invention with the most direct relevance is likely
Sir Charles Wheatstone’s stereoscope created in
18382 (see Image 1.4). This marked the discovery of
stereoscopic imaging, which shows each eye a flat
picture from slightly different perspectives, fooling
the brain into perceiving three dimensions. While the
surrounding technology has changed immensely, this
same technique is still used in XR headsets today.

1. Bigg, Charlotte. “The Panorama, or La Nature A Coup
D’Œil.” Observing Nature
– Representing Experience,
edited by Erna Fiorentini,
Reimer, 2007, pp. 73–95.
2. Wheatstone, Charles.
“Contributions to the Physiology of Vision. Part the
First. On Some Remarkable,
and Hitherto Unobserved,
Phenomena of Binocular Vision.” Philosophical
Transactions of the Royal
Society of London, vol. 128,
1 Jan. 1838, pp. 371–394.
3. “Victorian Photographic Techniques.” National
Museums Scotland, www.
nms.ac.uk/explore-our-collections/stories/science-and-technology/
victorian-photography/
victorian-photography/
victorian-photographic-techniques/.

4. Sell, Mary Ann, et al.
View-Master Memories. Mary
Ann & Wolfgang Sell, 2010.
5. “History.” L3 Link Simulation & Training, L3 Technologies, www.link.com/
about/pages/history.aspx.
6. Weinbaum, Stanley
G. “Pygmalion’s Spectacles.” Wonder Stories,
June 1935, pp. 28–105.

THE BASICS OF EXTENDED REALITY

History of Extended Reality

Over time, Wheatstone’s invention was made increasingly
portable, popular, and accessible. David Brewster’s
1849 lenticular stereoscope became a popular item in
Victorian drawing rooms,3 and the famous 1939 ViewMaster stereoscope which used rotating cardboard
disks was manufactured in dozens of versions, including
serious use for “virtual tourism” and as a child’s toy.4
The idea of virtual reality, and by extension XR, emerged
in parallel with these hardware innovations, although
not by name. Flight simulation was pioneered by
Edward Link in 1929 when the United States Military
bought several of his “Link Trainer” simulators to
train over half a million pilots. Of course, this was not
remotely affordable to the average person, as each
machine cost about $64,000 in today’s money.5

In the year 1935, the modern experience was
envisioned with uncanny accuracy in the sci-fi short
story Pygmalion’s Spectacles by Stanley G. Weinbaum,6
wherein the protagonist wears glasses that simulate
virtual experiences that encompass all five senses. After
this point, the hardware and concept behind XR blend
together. Each discovery and invention brings about more
advanced, accessible, or affordable ways to stimulate the

7
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senses, and while not explicitly seeking a
virtual reality, the many researchers past this
point are in effect pursuing the same goal.

1.4

1.5

1.6

8

WHEATSTONE STEREOSCOPE

VIEW-MASTER

TELESPHERE MASK

After a period of only minor development,
the first head-mounted display (HMD),
the Telesphere Mask, was created in 1957
by Morton Heilig, sometimes referred
to as the “father of virtual reality.” While
there was, of course, no motion tracking,
it looked remarkably similar to the
HMDs of today, connecting to the head
with a strap and playing a stereoscopic
film with stereo sound.7 Heilig went
on to patent the Sensorama five years
later, which was essentially a personal
movie theater which surrounded the
head, displayed a stereoscopic film, and
included a vibrating chair, fans, and smell
generators.8 This was a first effective
attempt at fooling all five senses. The
first functional head tracking came with
Philco’s Headsight in 1961, which included
neither audio nor a stereoscopic display.9
Another key XR researcher was Ivan
Sutherland, who wrote a short paper in
1965 entitled “The Ultimate Display,”
hypothesizing a display system so
immersive that its viewer could not
tell the difference between virtual
and physical reality. He states:

The ultimate display would, of course,
be a room within which the computer
can control the existence of matter. A
chair displayed in such a room would
be good enough to sit in. Handcuffs
displayed in such a room would be
confining, and a bullet displayed in
such a room would be fatal.10

The next major XR innovation would be the Sayre Glove, created
in 1977 by Electronic Visualization Laboratory. It marked the first
interaction by hand in VR, and it was the precursor to the DataGlove
(1981) and Nintendo Power Glove (1989). The DataGlove was a
significant improvement on the Sayre Glove, including 6-degreesof-freedom (6DOF) tracking and recognizing 256 positions for
each finger. While the Nintendo Power Glove would go on to
become a cult sensation, it was a commercial failure which was a
big functional step backward from the DataGlove. The DataGlove
turned out to be uniquely useful due to its modular nature; it could
be used with many different systems into
the future such as NASA’s 1985 Ames VIEW,
an HMD which included 3D audio, head
tracking, and DataGlove gesture support.12

7. Heilig, Morton L. Stereoscopic-Television Apparatus
for Individual Use. Patent
US2955156. 4 Oct. 1960.

8. Rheingold, Howard. “The
Experience Theater and the
Art of Binocular Illusion.”
Virtual Reality, Simon &
Schuster, 1992, pp. 49–66.
9. Bradley, William E.
Remotely controlled remote
viewing system. Patent
US3205303. 7 Sep. 1965.

10. Sutherland, Ivan E.
“The Ultimate Display.”
International Federation
for Information Processing,
Proceedings of IFIP Congress, 1965, pp. 506–508.

11. Rheingold, Howard.
“Entering Cyberspace.”
Virtual Reality, Simon &
Schuster, 1992, pp. 104–128.

THE BASICS OF EXTENDED REALITY

Sutherland proceeded to work with his student, Bob Sproull,
to build the Sword of Damocles in 1968, so named because
its weight required it to be hung from the ceiling. While it
displayed only primitive wireframe rooms and objects, it was
a vital innovation in XR because it was the first HMD which
was connected to a computer, actively generating imagery.11

The hype behind VR reached its peak in
the 1990s when several large companies
such as Sega, Nintendo, Sony, and Philips
invested heavily in it. Unfortunately, the
technology had not yet reached a point
where it could meet casual expectations,
and the industry seemingly crashed.
However, it was more a collapse of public
opinion and funding than of progression.

The CAVE system, which stands for Cave
Automatic Virtual Environment, is rarely
mentioned nowadays, but it was an
important step toward current AR, VR,
and conception of virtual environments.
It was first created in 1991. Similar to
Star Trek’s famous Holodeck, the CAVE
consists of a room with projectors pointed
at each surface. Participants wear tracked
3D glasses, and when they move, the
projectors adjust the images to make 3D

12. Sturman, D.J., and D.
Zeltzer. “A Survey of GloveBased Input.” IEEE Computer
Graphics and Applications,
Jan. 1994, pp. 30–39.
13. Cruz-Neira, Carolina,
et al. “The CAVE.” Communications of the ACM,
June 1993, pp. 64–72.
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objects appear in the physical environment. They can be looked
at from many angles, walked around, and so on. The CAVE system
has been used for military training and similar simulations.13

Also in the year 1991, Virtuality VR arcades were introduced with
seated and standing variations. They included a stereoscopic
visor with head tracking, joysticks, and networked gaming.14
The University of North Carolina at Chapel Hill Ceiling HeadTracker, a wide-area optical tracking system which laid the
foundation for future roomscale VR experiences, was introduced
in the same year.15 Sega introduced a wrap-around HMD
at the Consumer Electronics Showcase in 1993, but it was
scrapped behind closed doors due to insufficient technology.16
Nintendo would not learn from this cautionary tale.
Nintendo built up an inordinate amount of excitement around
its Virtual Boy headset before releasing it in 1995 to spectacular
disappointment. Despite selling for only $180 with a controller
included and being the first affordable consumer VR headset, the
Virtual Boy was a commercial flop. There were two main reasons
for this. First, the display was stark black and red, with no other
colors available. Second, there was no head tracking. It tended to
cause an uneasy, nauseous feeling in its users, which would later
be termed “VR sickness.” After Nintendo’s monumental failure,
XR technology would develop out of the spotlight for almost
two decades, as the common consensus was that the hype was
overblown and the technology had not yet reached maturity.17

Many VR headsets would be developed in the interim, connecting
to Windows PCs and incrementally improving. (See Appendix
for a chronological list of XR hardware and their respective
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14. Fowle, Kyle. “Failure
to Launch: Virtuality and
the ‘90s VR Arcade Boom.”
Kill Screen, 23 May 2014.

15. Welch, Greg, et al. “6D
Pose Estimation for Humans
and Devices.” The UNC Tracker Project, UNC Chapel Hill,
www.cs.unc.edu/~tracker/.
16. Foye, Jonathan. “Sega
and VR - Ahead of Its Time.”
PC & Tech Authority, Dennis
Publishing, 4 Apr. 2016,
www.pcauthority.com.
au/feature/sega-and-vrahead-of-its-time-417722.

17. Edwards, Benj. “Unraveling The Enigma Of
Nintendo’s Virtual Boy, 20
Years Later.” Fast Company, 21 Aug. 2015, www.
fastcompany.com/3050016/
unraveling-the-enigma-of-nintendos-virtual-boy-20-years-later.
18. Luckey, Palmer. “Oculus
Rift: Step Into the Game.”
Kickstarter, 1 Aug. 2012,
www.kickstarter.com/projects/1523379957/oculusrift-step-into-the-game.
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innovations.) However, the resurrection
of XR excitement would come in August
2012 with the unveiling of Palmer Luckey’s
Oculus Rift on Kickstarter. With one month
of crowdfunding and a goal of $250,000,
the Oculus Rift HMD raised $2,437,429.18
VR was back on track, this time with the
technology to support a user-friendly and
relatively affordable ($600 new) headset.
In the background, Valve was working
with HTC to develop the Vive, a similar VR
solution which included support for a much
larger tracked area and hand controls. Both
the HTC Vive and Oculus Rift would release
in early 2016, and Oculus would later
release touch controllers and additional
tracking cameras which brought it to the
level of the Vive for an additional $150.
With this along with the early 2016 release
of the Microsoft Hololens which featured
inside-out tracking, speech and gesture
input, and a full AR experience, a new age
of interactive extended reality had begun.

Refer to Appendix for a
more detailed extended
timeline and chronological
table of extended reality
technology, including many
not listed in the text here.
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2.1

OCULUS TOUCH

The emerging age of extended reality (XR), despite
its promise, is in its infancy. According to Qualcomm,
the market for XR technology primarily consists of
the “prosumer” segment, tech-savvy individuals who
seek to be at the cutting edge of progress.1 These
are the consumers who would have bought a mobile
phone the size of a coffeemaker, not even necessarily
for business use. The first mobile phone, created in
the 1970s, boasted thirty-five minutes of talk time,
and it took ten hours to recharge.2 Qualcomm, and
many others, believe we are at a similar stage for XR.
Around the year 2020, they expect rapid evolution
and surging consumer adoption as the hardware
grows smaller, less expensive, and more convenient
to use. Devices will become increasingly streamlined
and functional over approximately the next thirty
years, analogous to cell phones changing from the first
Motorola bricks to the ubiquitous Razr to the iPhone.3

THE WORLD OF EXTENDED REALITY

Modern Technology

With this expectation in mind, modern XR
technology is given new context. The vast majority
of the population is unaware of the mind-bending
technologies that already exist, so the first portion
of this chapter will focus on them and their current
active uses, while the second part will look to the
future. We can begin where the last chapter left off:
the biggest breakthroughs of XR in modern times.

1. “The Mobile Future of
eXtended Reality (XR).”
Qualcomm Technologies, Inc., June 2017.

2. Alfred, Randy. “April 3,
1973: Motorola Calls AT&T
... by Cell.” Wired, Conde
Nast, 3 Apr. 2008, www.
wired.com/2008/04/
dayintech-0403/.
3. “The Mobile Future of
eXtended Reality (XR).”
Qualcomm Technologies, Inc., June 2017.
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IMMERSIVE VR MISHAP

2.3

OUTSIDE-IN TRACKING

2.4

INSIDE-OUT TRACKING

Have you ever raved to a friend about
a film, which they then found mediocre
in large part due to the artificially high
expectations you set for it? Currently, partly
due to public ignorance, XR is virtually
impossible to overhype in such a way that
the user is no longer impressed. Anecdotally,
a person can be told ad nauseam for
months how incredible the experience
is and afterward still be surprised at
just how much their expectations were
exceeded. This is particularly true for
immersive VR experiences such as the
Oculus Rift and HTC Vive. While the Vive
was released as a much more complete
product and allows for larger occupiable
spaces, in recent times the two competitors
have reached a relative feature parity.
Both Vive and Rift, considered the “first
generation” of modern VR, consist of
an HMD which supplants the wearer’s
senses of sight and sound. They also
have motion controllers which allow
for somewhat intuitive interaction with
virtual environments. With a proper setup,
users can move within a predetermined
area of the real world (the “tracked area”)
with sub-millimeter precision tracking
of hand controllers and viewpoint. The
accuracy of this system is such that users
often experience true presence, forgetting
they are confined to the physical world;
as many online videos show, they bump
into walls, throw controllers, and fall as
they try to lean on virtual objects. While
there is a built-in system for showing
the boundaries of the tracked area, users
inevitably become too immersed. This is a
good thing. It means the computing power,

However, with new use cases, such as the less confined insideout tracking, adjustments need to be made. Both Vive and Rift are
currently tracked using an outside-in method. Base stations must
be set up surrounding the intended area to be tracked, looking
down like security cameras to track motion. In the Vive’s case,
these base stations use the “Lighthouse” method of tracking, which
emits infrared (IR) lasers. Precise tracked locations are determined
by an array of IR receivers on the HMD and controllers, and this
data is sent through the headset cables to a powerful, discrete
computer. Unfortunately, this setup is as limiting as it is accurate,
which is to say: very. It necessitates extensive physical setup of
a space along with an additional software setup to establish the
intended tracked area, and if it is ever moved, the entire process
must be repeated. There are, of course, other solutions.

THE WORLD OF EXTENDED REALITY

tracking accuracy, latency, stereoscopic effect, display technology,
and framerate are all mature enough that they are no longer in need
of functional improvement beyond miniaturization and efficiency.

The Microsoft HoloLens is a remarkable piece of hardware with
several fundamental differences from the Vive and Rift. It is an AR
headset rather than VR, it is not connected to a discrete computer, it
features inside-out tracking, and it is about five times as expensive
as the Rift and Vive. The HoloLens attempts to bring virtual objects
and data into the physical world rather than immersing the wearer
in a wholly virtual world. Using several types of camera on the visor,
it actively maps the physical space in three dimensions and uses this
data to place virtual objects realistically within. Stereoscopic virtual
objects are superimposed within physical space using light reflected
off a transparent lens into the eyes. Thus, non-physical objects
cannot obscure physical ones, but they can be interacted with.
Interactions in Microsoft’s AR world use purely gesture and
voice input rather than controllers. Hand tracking is a difficult
computational challenge, as fingers are often obscured, so only
simple gestures are supported in the current iteration of the
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headset. There are additional hand-tracking advancements
on the horizon which will be covered in the next section, but
similarly relevant are Microsoft’s offerings in immersive VR.

Windows Mixed Reality, as it is known, is a line of immersive
VR headsets which connect to a discrete computer but use
inside-out tracking technology like the HoloLens. Windows
MR, like the Rift and Vive, includes optional hand controllers
with triggers, buttons, analog sticks, and touchpads. However,
one drawback to the inside-out tracking is that the controllers
can only be used with precise accuracy within the user’s field
of view, and when outside the direct line of sight they rely on
less specialized sensors such as accelerometers and gyroscopes
for rough positional information. Another issue is that despite
reducing setup time, the Windows MR system’s inside-out tracking
still does not free the user from the tracked area since users
must remain tethered to their computers for data transfer.

Of course, there are many more XR headsets and technologies such
as Google Glass, LeapMotion, Apple ARKit, and an ever-growing
roster of competing and cooperating options. Refer to the Appendix
for a detailed, chronological list of XR technologies and their major
contributions to the field. All of this is to show that our capability
to extend reality is already surprisingly advanced, and it continues
to increase daily. All modern XR devices support 3D spatial audio,
smartphones are increasingly including AR capabilities, and more.
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2.6

VIRTUAL MILITARY TRAINING

5. “Virtual Reality Training.” CertifyMe.net, www.
certifyme.net/virtual-reality-training/.

6. University of Exeter.
“Virtual Reality Training
for ‘Safety-Critical’ Jobs.”
ScienceDaily, ScienceDaily, 6 Mar. 2017, www.
sciencedaily.com/releases/2017/03/170306114201.
htm.
7. Seymour, Neal E., et al.
“Virtual Reality Training
Improves Operating Room
Performance: Results of a
Randomized, Double-Blinded
Study.” Annals of Surgery,
U.S. National Library of
Medicine, Oct. 2002, www.
ncbi.nlm.nih.gov/pmc/
articles/PMC1422600/.
8. McFarland, Matt. “UPS
Is Training Drivers with
Virtual Reality.” CNN Money,
Cable News Network, 15
Aug. 2017, money.cnn.
com/2017/08/15/technology/business/ups-virtual-reality/index.html.

9. Filloon, Whitney.
“KFC’s New Employee
Training Game Is a Virtual Reality Nightmare.”
Eater, Vox Media, Inc., 23
Aug. 2017, www.eater.
com/2017/8/23/16192508/
kfc-virtual-reality-training-oculus-rift.
10. Harris, Beth. “From
Football to Retail: Virtual
Reality Debuts in Associate
Training.” Walmart Today,
Wal-Mart Stores, Inc., 31 May
2017, blog.walmart.com/
opportunity/20170531/
from-football-to-retail-virtual-reality-debuts-in-associate-training.

Modern Uses
So who really uses this technology? Why are
hundreds of millions of dollars being poured into
XR by companies like Google, Apple, Microsoft,
Qualcomm, Intel, Nvidia, AMD, Valve, and
dozens of OEMs? What can it do right now?
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4. “The Reality of Virtual
Training.” Boeing, Boeing,
10 Aug. 2015, www.boeing.
com/features/2015/08/
bds-crvs-08-15.page.

Extended reality has historically trained professionals
to perform in high-intensity situations before the stakes
are high. This facet of XR performance is still valuable, so
it should be no surprise that it is being used in training
for safety-critical occupations such as aviation,4 heavy
machinery,5 nuclear energy,6 and surgery.7 In addition
to these niches, it is increasingly used for simpler, massmarket jobs such as delivery,8 fast food,9 and Walmart.10

The healthcare industry, in particular, is taking advantage
of the benefits of XR in a substantial way.11 In addition
to training surgeons for unique situations and reducing
reliance on cadavers, it is also being used on patients
undergoing procedures and those requiring therapy.
While the value of distraction during procedures is
nothing new, VR’s ability to fully engage more senses
and establish a sense of presence is greatly bolstering
the abilities of medical professionals to use such
techniques.12 This reduces the total amount of anesthesia
needed, in turn reducing potential complications and
side effects. With the onset of 5G wireless connections,

11. Cobos, Sergio. “AR/VR
Innovations in Surgery and
Healthcare.” Premo, Premo,
14 Aug. 2017, 3dcoil.grupopremo.com/blog/arvr-innovations-surgery-healthcare/.
12. Gold, Jeffrey I., et al.
“Virtual Anesthesia.”
Seminars in Anesthesia,
Perioperative Medicine and
Pain, vol. 24, no. 4, 2005, pp.
203–210., doi:10.1053/j.
sane.2005.10.005.
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latency becomes low enough that surgeons
can perform surgery remotely using
an HMD and motion controls to direct
robotic arms on-site.13 This prevents the
need to fly patients with unique, critical
conditions to the foremost experts, who
could be halfway around the world. On
the AR side of extended reality, doctors
and nurses can be fitted with a constant
monitor of patient vitals, for instance
using Google Glass. One last way that XR is
used in healthcare is for therapy, treating
PTSD,14 anxiety disorders,15 and debilitating
phobias16 through controlled exposure.
Pushed especially by Google Cardboard,
an extremely cheap contraption which
can be made at home and allows for the
use of a smartphone as a VR headset, the
education sector is another growing area
of XR adoption. It is very inexpensive to
outfit an entire classroom with Cardboard
headsets, using the sensors of a phone
to track the roll, pitch, and yaw of the
viewer’s head and allow for reasonable
immersion. This is especially useful for
virtual travel to remote and/or historical
locations, improving knowledge retention
and adding peripheral context.

Similar to virtual travel, virtual
reconstruction of historical monuments
is a field which could very well supersede
traditional historic preservation, removing
the ever-present “preservation vs. progress”
conflict. Additional study is needed to
establish guidelines for the reproduction
and virtual preservation of historic places;
This may be one of the next areas of
research and experimentation I explore.

Lastly, the value of the video game industry
can not be underestimated. It is estimated
that in 2015, the video game industry had
$95.1 billion dollars in revenue, significantly
more than the international box office
revenue for the same time period.17 The
game industry continues to push not only
the technology but the UI/UX design of XR
to the limits as well. Companies such as
22

Valve, LG, Pimax, and Facebook’s Oculus
are injecting the medium with creativity
and intuitive designs which can then
be integrated with more multi-purpose
hardware. Valve, for instance, has developed
prototype controllers which wrap around
the knuckles and stay put without being
gripped. Capacitive sensors detect the
precise location of fingers, allowing for
complex finger tracking without intensive
computation. The controller rests in the
palm at all times, so a natural throwing
motion can be performed without throwing
the controller. Another XR problem being
solved by gaming companies that has
larger ramifications is foveated rendering.
Since stereoscopic content needs very
high framerates and low latency from two
separate viewpoints, it would take several
thousand dollars to make a computer
that can do this at high resolution. With
current HMDs, though, the somewhat low
resolution makes it difficult to decipher
text and make out details in the distance.
Foveated rendering is the use of high
resolution (8k or more) screens which only
render a small portion at full resolution
at any given time. The user’s eyes are
tracked, and everything in the peripheral
vision is rendered at very low resolutions.
That gaming solutions such as these could
be productively integrated with nongaming content should be self-evident.
In summary, the XR industry is more
advanced than ever, and it is spending
more money on R&D than ever. There are
many challenges ahead beyond incremental
improvements, but a large group of
intelligent, passionate researchers is
overcoming developmental roadblocks one
step at a time. Industry specialists, such as
Qualcomm, Google, Microsoft, and Apple,
believe XR is the way of the future and that
it will soon experience mass consumer
adoption. Some believe it will replace
smartphones entirely, pulling our collective
attention away from rectangular screens
and back to reality, this time extended.
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13. West, Presley. “VR Is
Radically Transforming
Surgery.” VRScout, VRScout,
Inc., 27 July 2017, vrscout.
com/news/vr-transforming-surgery/.
14. Mclay, Robert, et al. “Effect of Virtual Reality PTSD
Treatment on Mood and
Neurocognitive Outcomes.”
Cyberpsychology, Behavior,
and Social Networking,
vol. 17, no. 7, 2014, pp.
439–446., doi:10.1089/
cyber.2013.0383.

15. Wiederhold, Brenda K.,
and Mark D. Wiederhold. Virtual Reality Therapy for Anxiety Disorders. American Psychological Association, 2005.

16. “Virtual Reality Therapy
for Phobias.” Duke Psychiatry
and Behavioral Sciences, Duke
University, 10 Aug. 2016,
psychiatry.duke.edu/virtual-reality-therapy-phobias.
17. “Newzoo’s Top 100
Countries by Game Revenues
2015.” Newzoo, Newzoo,
15 Oct. 2015, newzoo.
com/insights/articles/
newzoos-top-100-countriesby-2015-game-revenues/.
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2.10

EXTENDED WORLD

The setting of this thesis could be described as the
world of extended reality. This is not science fiction,
as the previous section established. Technological
development is much farther along than XR content,
and that is where this thesis comes into play. Extended
reality allows for the creation of layered, superimposed
spaces, part physical and part virtual, which can
change over time or on demand. Designing of the
layers must, therefore, become part of the practice of
architecture. The field of architecture cannot effectively
be replaced by those in visual design, programmers,
and interaction designers. Rather, it will incorporate
said fields, expanding not just the theoretical definition
of architecture but the functional. In addition, to fully
utilize the benefits of an XR world, a framework should
be set in place to accommodate new layers. This will
allow the physical architecture to serve as an armature
for ever-changing virtual layers, altering and improving
function over time similar to a smartphone installing
new applications. This is an area for further study.

THE WORLD OF EXTENDED REALITY

World of Extended Reality

As for the timeframe of this project, it will likely be
practicable within the next 20–30 years, according to
Qualcomm’s predictions. By that point architects will
be designing layered space from initial conception to
completion, with superimposition considered in all stages
of the design process. While this type of architectural
design moves from theoretical to prototypical to
commonplace, design strategies will evolve along with
technology toward a more ideal process. This thesis
will be the first step in that evolutionary process,
hence the use of the broad term “extended reality”
and the reason technology is not ultimately the focus.
If this work is to be the common ancestor of design
for the coming centuries, it must neither dwell in the
present nor get lost in assumption and speculation.
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3.1

WHAT IS REAL?

Why should extended reality be an integral part of the
built environment? How can it ever be considered real? It
cannot be physically touched. It cannot be permanently
inhabited. It is a deception: a coordinated collection of
illusions which serve as a diversion from true reality.
If manufactured materials are often considered to be
architecturally untrue and thus improper, how can
one reasonably assert that this nebulous extension of
reality is as real as the ground on which one stands?

EXTENDED REALITY IN ARCHITECTURE

Virtual Dichotomy?

The simplest answer, in this case, is the one
which conceives of yet more questions. What
makes you, the hypothetical questioner, so sure
of your pre-existing reality? Let us look at three
categories: History, abstraction, and perception.

In The Metaphysics of Virtual Reality, Michael Heim
spells out the ever-evolving definition of reality
throughout history using key figures and time periods:

1. Heim, Michael. “The Essence of VR.” The Metaphysics
of Virtual Reality, Oxford University Press, 1993, p. 117.

Plato holds out ideal forms as the “really real” while
he denigrates the raw physical forces studied by his
Greek predecessors. Aristotle soon demotes Plato’s
ideas to a secondary reality, to the flimsy shapes we
abstract from the really real—which, for Aristotle,
are the individual substances we touch and feel
around us. In the medieval period, real things are
those that shimmer with symbolic significance.
The biblical-religious symbols add superreal
messages to realities, giving them permanence
and meaning, while the merely material aspects
of things are less real, merely terrestrial, defective
rubbish. In the Renaissance, things counted as real
that could be counted and observed repeatedly
by the senses. The human mind infers a solid
material substrate underlying sense data but
the substrate proves less real because it is less
quantifiable and observable. Finally, the modern
period attributed reality to atomic matter that has
internal dynamics or energy, but soon the reality
question was doomed by the analytical drive of the
sciences toward complexity and by the plurality of
artistic styles.1
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With this exposition, Heim shows that the constituents
of reality ebb and flow with the zeitgeist, ever-changing
underfoot. What is reality today may not always be so.

“Yes,” you might say, “the definition of reality may not
have been constant in the past, but you have no evidence
it will change more still. I believe it is settled.” The great
historical figures and movements have led us to the true
knowledge we now have. Aside from pedantic, metaphysical
musings on its nature, one can accurately gauge what
is real or not at this point, correct? Not so fast.

3.2

“THE GOSSIPS”

2. Langan, Thomas. “Don’t
Lose Contact With Reality…
But First, What Is Real?”
Surviving the Age of Virtual
Reality. University of Missouri Press, 2000, pp. 120–122.

This is all to show that we live in a state where truthful
reality is mediated through many additional levels
of reality. Even the most abstracted events can be
meaningfully real. Despite understanding this level of
abstraction, it is obvious that the event is still real in
effect. How often does a common person reproduce
scientific studies for confirmation? Science experiments
and reporting outlets are run by fallible people with flaws
and biases. Much more observably truthful is the actionreaction of virtual information, according to Langan.
Consider an XR object which can be manipulated and
observed firsthand or the gauges in a flight simulator
which update as the simulation’s controls are adjusted.
With true presence, already achievable with modern
technology, a user may feel real, physical fear as the
simulated plane barrels toward the ground. Without
physical injury, the virtual layer of information can
build usable knowledge for those that experience it.2
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Can reality filtered through abstraction be considered
true reality? The child’s game Telephone (called Chinese
Whispers in some regions) shows how the input and
output through one source tend to lead to distortion. The
same can be said for repeatedly saving and resaving a
computer image or video. As it is compressed each time,
the quality lessens and the reality within loses clarity.
More relatable to everyday life is a news story. Thomas
Langan, in Surviving the Age of Virtual Reality, tells of a
whimsical story he saw on the news wherein a Toronto
resident falls victim to a frozen ball of urine ejected
from an airplane crashing through her roof. While that
sounds perfectly believable, how can we be sure it is
reality? First, the idea that a ball of urine can eject from
an airplane, freeze, and hit with enough force to crash
through a roof is an assumption we have no choice but to
believe, because there is no better explanation for what
could have happened. Next, are we sure the woman is
telling the truth to the news station and not attempting to
make a case for suing the airline? Yes, she kept the urine
ball in her freezer, but that does not prevent tampering or
alteration of any kind. The news channel may also have,
intentionally or unintentionally, dramatized the story,
altering the perception of TV viewers including Thomas
Langan. Lastly, the reader must trust my interpretations
and conveyance of Langan’s words. When considering all
the areas for possible distortion and misunderstanding,
there are no fewer than eight areas of potential alteration
of reality: input and output of the Toronto lady, news
network (and all involved therein), Langan, and myself.
Regardless of the lack of trust we may now have in our
information sources, hearing a plane overhead may
still cause us to worry about urinary meteorites.
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The last argument may be that there is no
abstraction between one’s foot and the
floor. Perhaps discerning the difference
between a human and its virtual copy, a
video or photograph, may not require the
metaphorical game of Telephone spoken
of previously. However, I would first like to
draw the reader’s attention to Nobel laureate
Henri Bergson, whose ruminations on the
process of dreaming may shed some light
on the discussion of perception in general.
In Dreams, first published in English in
1914, Bergson initially discusses the way
a sleeping mind is still subject to external
stimuli such as changing light, sound,
and touch. Since a sleeping person is still
capable of perception, his explanation of the
phenomena of dreaming revolves around a
differentiation of the means of perception
when sleeping vs. waking. According to
Bergson, the unconscious mind is at all
times working hard to draw relations
between what is experienced presently
and one’s past. The vast collection of
memories each person carries is therefore
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put through the filter of the present to
add context and provide understanding.
Evolutionarily, this would have been used
to provide early warning of threat based
on previous experience. Now, it is used
to expedite the process of perceptioninterpretation-understanding. “What we
actually see—the sensible matter of our
perception—is very little in comparison
with what our memory adds to it.”3

Take, for example, the reading of a
newspaper. Not every letter on the
page individually enters the reader’s
consciousness. If this were the case,
reading would take much longer than it
does. In reality, scientific experiments
have confirmed that readers process
entire words and phrases, and their minds
fill in the gaps with what are essentially
hallucinations. When shown a phrase
for a split-second, subjects asked to spell
them back out exactly would consistently
include letters which were not there, as
the experimenters deliberately misspelled
words and removed letters.4 This is likewise

AEROFLY FS2: VR FLIGHT SIMULATOR

STARBUCKS LOGO DRAWING ATTEMPTS

3. Bergson, Henri. Dreams.
Translated by Edwin E.
Slosson, Adelphi Terrace, 1914, p. 41.
4. Bergson, Henri. Dreams.
Translated by Edwin E.
Slosson, Adelphi Terrace, 1914, pp. 42–44.

5. “Branded in Memory.”
Signs.com, www.signs.com/
branded-in-memory/.
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true for objects that surround us in everyday life.
When asked to draw well-known corporate logos from
memory, a fascinating study showed that there was no
correlation between drawn accuracy and how often the
subject patronized the brand.5 This goes to show that,
as Bergson states, “we perceive merely a sketch of the
object … there are, on one hand, real impressions made
upon the organs of sense, and upon the other memories
which encase themselves in the impression…”6

3.4

In summation, historical precedent shows that reality is
a moving target, acute awareness draws to attention the
fact that our reality is often tempered by several layers
of abstraction, and both philosophy and experiment
show us that perception is in large part indirect. The
brain’s interpretation comes more from the reality
it creates than from the initial input that humans
have become so adept yet overconfident at decoding.
In the end it is plain to see, as Gilles Deleuze would
agree, that virtual and real are not opposites; rather,
physical is the opposite of virtual, or in Deleuzian
terms, “actual.”7 With this knowledge, conversation of
XR’s place within architecture will be better informed,
and its existence therein should not be questioned.

6. Bergson, Henri. Dreams.
Translated by Edwin E.
Slosson, Adelphi Terrace, 1914, pp. 44–46.
7. Deleuze, Gilles. Bergsonism. Translated by
Hugh Tomlinson, Zone
Books, 1988, pp. 96.
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3.5

THE PRIMITIVE HUT

Architecture is universally considered to be a
dynamic sensory experience, more than many arts
and types of design. As one passes through rooms,
the scenery can change dramatically, in color, texture,
abundance of light, and harshness. Concepts like
compression/release, forced perspective, hierarchy,
and spatial sequence speak to the dynamic nature
of architectural experience. But what components
of architecture are required to exist physically?
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Extension of Experience

It may seem like a silly question. Going back to the
famed primitive hut, the primary constituent parts of
architecture have been required to shelter humans
from the natural environment. So it would seemingly
follow that architecture should not change despite its
virtual augmentation. Similarly, even with XR glasses,
inhabitants may at times choose to forgo the technology.
So our buildings need to stay enclosed, supported with
structure, and the typical aspects of quality architecture
should persist even in the absence of technology:
wayfinding, human scale, experience, acoustic properties,
light quality, environmental/mechanical efficiency,
general functionality, and meaning. While this sounds
like the making of a very static building, that is because
it is yet incomplete. In a world of extended reality,
buildings must still function physically, but the architect
is now given additional duties. The architect must now
design the virtual spaces which are to be superimposed
on the physical, sometimes augmenting it and other
times supplanting it. It is the virtual space which
necessitates the alteration of architectural design.

35

LAYERED SPACE

In XR, virtual objects bring with them no
sense of mass, weight, or density. Even
the feelings and effects of distance can
be warped. Architectural features can
appear and disappear, superimpose, and
change appearance instantaneously, at
will or over time. However, care must be
exercised in the design of these spaces,
as increased control in the virtual world
inevitably means diminished control in
the physical.8 A thoughtful design would
therefore balance the two existences,
taking advantage of the virtual only when
it is both desirable and safe to do so.

The following chapters, including the
associated project, attempt to define and
execute such a thoughtful design. How does
materiality come into play in such a place
where material can be changed at will?
Should spaces feel natural at all, or should
we embrace the sublime? We have already
established that when reality is extended,
so too is architecture, but should some
spaces remain XR-free zones? How does
each stage of design work when bubble
diagrams and the like no longer represent
determinate spaces? Can designs only be
represented and comprehended via virtual
occupancy, or will the classic floor plans
and sections be enhanced? What role does
a physical model play? Are there any “best
practices” that can be discerned? What are
the best places for budgetary tradeoffs i.e.
“value engineering?” And of course, how
does this all affect the occupant? Dr. Karen
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A. Franck, an environmental psychologist
working in the architecture program at the
New Jersey Institute of Technology, warns
us not to think of XR as “a single, monolithic
version of reality,” but rather as abundant
possibilities yet to be conceived. She believes
that XR holds the potential to create entirely
new ways of being and relating to others,
both socially and psychologically.9 Now,
these questions may all seem nebulous, but
that is the nature of architectural thought.
Only through experimentation will any
answers be derived. I will end this section
with a quote from Christian W. Thomsen
in his 1994 work Visionary Architecture:
Perhaps
[architecture’s]
most
important offshoot at present is the
perception of interlayered spaces
and realities, the recognition that
in the future, thinking in terms of
process will be all-important. This is
a thinking that divorces itself from
static notions and realizes what
scientists have long known—that
mankind can and must be capable
of living without solid ground under
its feet, and that it is truly possible
to settle comfortably into changing,
multiplex realities.10

EXTENDED REALITY IN ARCHITECTURE

8. Franck, Karen A, and
Maggie Toy. “When I Enter
Virtual Reality, What Body
Will I Leave Behind?”
Architects in Cyberspace,
11th-12th ed., vol. 65, VCH
Publishers Inc., 1995, p. 21.
9. Franck, Karen A, and
Maggie Toy. “When I Enter
Virtual Reality, What Body
Will I Leave Behind?”
Architects in Cyberspace,
11th-12th ed., vol. 65, VCH
Publishers Inc., 1995, p. 23.
10. Thomsen, Christian W.,
and John William Gabriel.
“Architecture 2000: Media
Architecture and Virtual
Architectures.” Visionary
Architecture: From Babylon to Virtual Reality,
Prestel, 1994, p. 184.
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4.1

MULTIPLE EXPOSURE

As this thesis asserts, and as Thomsen mentions
in Visionary Architecture, the interlayering or
superimposition of physical and virtual spaces is an
impending concern that architects will soon be forced
to deal with. Experiential aspects of each design must
be planned with the understanding that a single space
will soon be perceived in wholly different ways by
different visitors. These visitors may disagree on the
qualities or even function of a space, and they may both
be correct. The architecture will no longer be a static
structure, but rather an intelligent piece of infrastructure
which reacts to each inhabitant uniquely and variably
according to the needs of the moment. Thus, the method
of design will likewise be altered as current staples of the
iterative design process need to be changed or enhanced.
Finally, the presentation of architectural designs must
change, as typical drawings are difficult enough to
understand currently, and they will only become more
convoluted with integral superimposed spaces.

IMPLICATIONS OF SUPERIMPOSITION

Possibilities of Superimposition

Beginning in Chapter VI, my thesis project, an XRenabled building, is detailed from site to design to
experience to presentation. Each aspect of the project
is considered and executed in a way that seeks to
optimize the XR workflow. Far from definitive, these
aspects represent a first take at how architecture
practitioners might integrate XR. Before diving into
such a specific example, though, experience, design,
and presentation of architecture with superimposed
XR is explored in a broader, more speculative fashion.

41

LAYERED SPACE

MENTALLY ABSENT
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4.2

Have you ever almost bumped into someone who is
staring at their phone while walking? Currently, when
one navigates a virtual world, he or she mentally
checks out of the physical world for all intents
and purposes. When decisions are to be made, we
typically stop in our tracks to focus our minds on the
virtual task at hand. Extended reality glasses will
alter this mode of operation, as the virtual interface
perceptually becomes one with the spaces around
us. Thus, new architecture must account for the fact
that the physical and virtual worlds will be navigated
simultaneously, and it should use this to its advantage.

IMPLICATIONS OF SUPERIMPOSITION

Superimposed Experience

Visitors will naturally either get lost in the virtual
world and bump into each other, or they will focus on
the physical, neglecting the virtual and therefore not
benefiting. It is the job of the architect to ensure that
this does not happen. The experience of an XR-enabled
building should be intuitive, with the interface requiring
no thought. Spatial motion and transitions should guide
the eyes to better prime visitors for the results of their
actions. This ensures they will act more effortlessly,
efficiently, and therefore with less mental fatigue. Even
an absent-minded visitor should glean the benefits of
XR, being navigated to the area of their desire, even
if the visual cues are borderline-subliminal such as
altered lighting or slightly-widened halls and doors.
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WAYFINDING

4.3

4.4

MATERIAL CHANGES

5:2
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TEAM WORKSTATION

Extended reality technology, through good
design, has many notable benefits. First,
physical signage can be drastically reduced.
This method of wayfinding disrupts the
architecture, presents eyesores, distracts
those who do not need it, and is useless
for visitors who do not speak the language.
While airports and public transit may be
the largest beneficiaries, all architecture
will be improved with signage that
can adjust its size, color, language, and
presence dynamically. In a broader view,
XR increases the self-reliance of all visitors,
empowering them with personalized
treatment and lessening their dependence
on human interaction. Conversely, properly
implemented XR could aid in finding another
person who is less busy, or who specializes
in the specific issue the user has, improving
user experience while decreasing staffing
needs. In this vein, enhanced socialization is
perhaps the most fundamental improvement
this technology can bring to humankind.
Restaurant patrons no longer have to block
the doorway as they look around for who
they came to see, and business meetings in
remote conference rooms can be located
instantly instead of through tedious verbal
directions. When researching, one can be
instantly connected with and guided to
another researcher who shares a particular
interest. Virtual meetings expand these
possibilities even more, as one might be
connected with a researcher in another
state or country, and collaboration is greatly
improved as each teammate views and
works on the same thing simultaneously
as if in the same room rather than through
a single webcam. This can also serve
more social and recreational purposes.

IMPLICATIONS OF SUPERIMPOSITION

AMBIENT INDICATORS

4.6

DEFORMATION

4.7
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4.8

PARTITIONS

4.9

REMOTE PRESENCE

When paired with architecture, extended
reality can also enhance education. As
physical space and time are dematerialized,
students can occupy different areas in
different eras, with all the sights and
sounds to go with them. Architecture thus
provides the requisite tactility on which
these historical, geographical, and cultural
experiences rely. Virtual tourism and historic
preservation will also be revitalized.
Wayfinding, acoustics, lighting, and general
functionality will be easily enhanced by the
integration of XR and architecture, along
with scale, materials, and meaning. In a
less orthodox and more mind-bending way,
wilder possibilities may similarly alter the
architecture. It will be interesting to see
how the inclusion of physics-defying, unreal
spaces affect human health, happiness,
and performance. Of course, navigation
of all these uses for XR must be intuitive,
which presents an immense task for the
architect. It will undoubtedly take decades
to determine best practices for such
designs, but it has to begin somewhere.
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SHARED PERSONALIZATION

IMPLICATIONS OF SUPERIMPOSITION

VIRTUAL DAYLIGHT
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IMMERSION
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4.13

LAYERED TRACE PAPER

The way the architectural design process will evolve due
to the changing times is anyone’s guess, but I predict
the most profound change will be an increased focus
on a non-linear procedure. Architecture as a medium
becomes dynamic as physical spaces are extended
and supplanted by occupiable virtual worlds, and
design methods must acknowledge the underlying
dynamism of architectural experience if they are to be
successful. Of course, this will require new expertise,
which means additional consultants on each project. If
XR is to be truly integrated with architecture, it should
not be left to software developers to design. Instead,
developers, along with UX and UI designers, should
be brought on as consultants to aid in planning and
implementation of this technology. This will ensure
the optimal, integrated architecture rather than
simple architecture with discrete XR technology.

IMPLICATIONS OF SUPERIMPOSITION

Superimposed Design
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While the construction site can be improved
with augmented reality and later phases
of design can be enhanced through virtual
occupation of the space, the earlier design
phases will likely be most affected. The end
result will still be a building with integrated
technology, just as today, but the experience
of occupants will be so different, with
unique program and spatial relationships,
that pre-design and schematic design will be
greatly altered. Trace paper will likely gain
increased importance, as it is the simplest
physical method of sketching superimposed

4.14

plans and sections similar to how they will
be experienced. This process can be further
improved using technological methods,
such as drawing tablets and software,
where layers can be better organized,
resized, and turned on or off at will.
Adjacency diagrams become layered and
dynamic as well, as one space can serve
a multitude of purposes for different
users. Through simple visual barriers,
a single space may simultaneously be
a hallway going north to south and

AR IN ARCHITECTURE

IMPLICATIONS OF SUPERIMPOSITION

PROGRAM ADJACENCY DIAGRAM

4.14

another going east to west. Perhaps an increased
focus on the potential paths of varied target audiences
would help, as well as the analysis of which virtual
spaces could coexist within one physical space
without causing conflict between occupants.

The architectural design of XR spaces is currently the
biggest question mark in this series of implications of
superimposition. While it is easy to imagine the ways
in which XR might benefit occupants, it is incredibly
difficult to streamline a method of planning these spaces
in a way that avoids the completely-open anti-spaces
that are at this point shamefully overused in designing
for future technology. Presentation of completed
designs, on the other hand, is an area where some
development is yet to come, but the majority of ideas
can already be executed with modern technology.
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4.16

VIRTUAL MERGES WITH PHYSICAL

Traditional architectural presentations consist of three
things: drawings, physical models, and renderings.
Drawings show technical aspects of the building to scale,
similar to construction documents. Physical models
show materials, lighting, and an aspect of non-linear
spatial comprehension which is absent in other media.
Renderings are snapshots of the most important spaces,
whether for visitor experience or architectural intricacy.
While these serve their purpose well in general, they are
often confusing for clients, despite the simplicity of what
they show. A work of architecture is merely an occupiable
object, after all. As extended reality allows virtual spaces
to be superimposed on the physical, any understanding
a client has of the space will likely diminish if the
work is still presented with traditional means.
Therefore, drawings, models, and renderings must be
improved if they are to continue serving a purpose.

IMPLICATIONS OF SUPERIMPOSITION

Superimposed Presentation

As previously mentioned when discussing design, layered
drawings will be vital when designing to accommodate
superimposed spaces. One way of accomplishing this
would be to draw virtual spaces in a way that allows
them to layer atop the physical spaces, as with trace
paper. This would allow the basic plans and sections to be
maintained for explanation and construction purposes,
but the scale and, to some degree, the experience of the
virtual spaces could be kept intact. Such a method would
aid in the understanding that some physical construction
is merely an armature and servant to the virtual. Another
possible technique would utilize augmented reality,
which is already possible with smartphones. A simple
drawing may, upon interaction, have 3D walls emerge
from it, and interactivity would allow the viewer to cycle
through all of the virtual functions of the same physical
space or to follow a particular visitor through his or her
sequence in the building, adding an aspect of empathy.
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4.17

DOUBLE EXPOSURE

While physical models may still serve some
purpose in design, ubiquitous XR glasses
will likely make them obsolete for client
presentations. There would be no reason to
spend time building a physical model when
a more detailed, accurate, and functional
virtual one is already made. Virtual models
provide many benefits that a physical model
could never replicate, and physical models
provide few, if any, benefits in comparison.
First, virtual models, as with drawings, can
be interactive, viewed through the lens of
multiple visitors. Clients would therefore
have an easier time separating their feelings
from those of their target audience which
often has differing desires and preferences.
The virtual model can also be viewed at
different times of year and times of day.
Most importantly, these models can be
scaled arbitrarily and viewed from within,
blurring the line between the purpose of
the model and the purpose of renderings.
In this case, renderings become a virtual
occupation of the space, to scale. These can
allow for free roaming, or they can follow
a more choreographed path. The viewer
can not only see a stylized image, but he
or she can experience lighting and crowds
at different times of day. Accurate ambient
noise levels can be simulated with 3D
spatial audio, leading to a greatly increased
understanding of lighting, acoustics,
wayfinding, crowd control, and scale.
Thus, it is evident that the experiential
end product and presentation method
are simple enough to understand, but
the design of this architecture remains
an enigma. The primary purpose of the
design project beginning in Chapter
VI is to begin to pull back the curtains
and reveal a viable method of designing
an architecture of superimposition for
the coming age of extended reality.

4.18
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VIRTUAL MODEL PRESENTATION
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IMMERSIVE VIRTUAL PRESENCE
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OVERVIEW

Formally, my previous studies into
XR consist of several interconnected
essays and one project. These are not
reproduced here in full, instead being
broken down into their essential essence
as a point of departure toward a complete
architecture of superimposition.

E Pluribus Unum is a speculative essay,
describing spatial relationships in a future
age of extended reality. The Layered
Apartment is a more pragmatic project
which serves as a first step; it is an XR
renovation/retrofit rather than a new
architecture, but its spatial implications
remain relevant as a necessary first
step and an issue that will have to be
dealt with as XR technology becomes
more accessible and desirable.
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PHYSICAL SPACE BECOMES MALLEABLE
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“E Pluribus Unum”
Out of many, one. Architecture for millennia has been
about the arrangement of a plurality of parts to form
a whole, typically in the form of occupiable space.
The relationships of the parts within the whole are
variable, but each part serves a function, even if that
function is simply aesthetic. Architecture is typically
distinct from building because it is considerate of
values that are less quantifiable but often equally
important. With the advent of achievable XR,
architecture is on the brink of a monumental change
which will challenge it, invigorate it, and potentially
expand and blur its boundaries beyond expectation.

In the short term, occupants may need additional empty
space which is intended for the placement of digital
objects. However, much farther in the future, and many
times more fascinating, is the prospect of physical
space becoming malleable or, in some cases, optional.
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Imagine a future where architects
and clients can meet each other in the
designed building, in its planned location,
with sufficient weather, lighting, and
architectural articulation to make it fully
believable. Architects could conduct site
visits and punch lists without leaving
the office. Inspiration could be gathered
firsthand, at buildings that are typically
only viewed in magazines. What if you
could step out your front door and land
on the streets of Venice, with all the sights,
sounds, and smells of the real place? These
ideas are not far off from the truth.
Now that XR’s effect on architectural
practice has been established, we can
consider how it will affect architecture
itself. Extended reality grants us the very
real capability to connect all existing
spaces on the planet such that in certain
situations, location and distance become
irrelevant. If buildings are letters, and they
are arranged ABC … XYZ, one typically
must travel through 24 letters (buildings)
to move from A to Z. Extended reality
changes this, creating a new doorway that
goes straight from A to Z, or B to P, or Y
to G. Thus, the home now has doors not
only to the bedroom and laundry room
but also to China’s Forbidden City and the
Palace of Versailles. It does not stop there.
The virtual doors may also lead to projects
that have yet to break ground, active
construction sites, and locations that no
longer exist. The construction and historic
preservation industries both benefit. In
the near future, architecture’s meaning
will change drastically. E pluribus unum.
The many architectures of the world
become one. Do they change to accept
one another, or do they seek exaggerated
differentiation? Do they disregard their
actual sites, or do they return to a sort
of Critical Regionalism, embracing each
site’s idiosyncrasies? And the question
most architects will be concerned with:
What happens at the joints between?
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These claims may seem lofty, but they are
no longer science fiction. They are the
most reasonable assumption of what the
future holds given the data we have. At
this point, the eyes, ears, and nose can be
entirely fooled into believing virtual worlds
are reality, and we can walk around within
these worlds with intuitive interactions.
The advancement of this technology is
seemingly exponential; what was science
fiction a generation ago is today not only
possible but affordable and easy for the
average consumer to configure. While the
technology is currently limited to the real
space occupied by a user—one cannot cross
the Golden Gate Bridge in his bedroom
without quickly finding a wall—this
obstacle will likely be overcome in time
with novel solutions. Omni-directional
treadmills serve the purpose of letting users
walk endlessly in any direction, teleport
mechanics are commonplace, and other
solutions will certainly reveal themselves.

The possibilities are mind-boggling. This
profession so many have dedicated their
lives to is going to change drastically. The
behind-the-times architect used to stick
to hand-drafting. Currently, he is only
familiar with AutoCAD, knowing nothing
of BIM. The inevitable next step is the
architect who only knows physical reality
and avoids its mixing with virtual reality.
This is a greater cause for concern, though,
as previous evolutions have their roots in
efficiency, with the same fundamentals.
While extended reality will serve as a tool
for visualization and design in the short
term, it will eventually become something
more, interwoven with physical spaces and
interacted with just as commonly. The step
from physical to virtual realities is therefore
altogether different, as virtual realities
fundamentally alter the physical due to
their adaptability, utility, accessibility, and
lack of constraints. Why would an architect
focus on the physical world when the virtual
one holds so many more possibilities?

PRIOR INVESTIGATIONS

VIRTUALLY INFINITE POSSIBILITIES

5.2
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5.3

THE PHYSICAL APARTMENT
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The Layered Apartment
Of course, progression must be incremental out of
necessity. Three things must independently change to
facilitate such a revolution. First, the technology must be
advanced. Second, preconceptions and attitudes toward
it must be altered. Third, society itself must mutate such
that it becomes one with the technology. This transition
can be seen with the rise of the automobile and with
smartphones. The same is true of extended reality.
As a first step, I have conducted an experiment. It
is a present-day approximation of the technology
on the horizon, a simulation of future possibilities.
Modern headsets either cut the user off from the
world or present overlaid images on it. However, a
headset with variable-tint lenses, or one which cuts
the user off but contains stereo pass-through cameras
of sufficient resolution and latency, could grant its
wearer the best of both worlds: total immersion
and seamless transitions between the real world,
augmented reality, and virtual reality. This extended
reality can eliminate real objects from the wearer’s
environment while selectively maintaining others.
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5.4

VIRTUAL REALITY: IMMERSIVE

5.5

AUGMENTED REALITY: SUPPLEMENTAL

5.6

MIXED REALITY: MULTI-FUNCTIONAL HYBRID

depending on the occupant’s location within
the virtual world. In the office, it is a desk
or standing desk. It is gone in the bedroom.
The dining room needs a dinner table,
and the fitness center could use a step for
plyometrics, an empty space for aerobics,
or any number of locations for body weight
exercises. The big change, however, is the
surrounding environment. The bedroom
is the initial space. With no headset on,
the occupant experiences a bedroom. It is
sparse to accommodate the virtual world,
but it contains the necessities: bed, window,
kitchenette, lighting, and a chair. The bed
can be manually folded up into the wall at
the start of the day. However, things get
interesting when entering a virtual room.

DYNAMIC MILLWORK

5.7

LAYERED APARTMENT BEDROOM

5.8
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My experiment uses an HTC Vive and
Unreal Engine to simulate an efficiency
apartment. The purpose is to establish
the utility of mixed reality for those who
do not have particularly high income. If a
piece of dynamic millwork were installed
on a wall, able to adjust to different heights
or collapse out of the way, would this
supply sufficient grounding to allow clever
software to increase the functionality of the
apartment, both visually and functionally?
“The Layered Apartment” creates a single
space that can function as a bedroom, office,
dining room, rec room, fitness room, and
theater, all with a fold-up bed and dynamic
millwork. The millwork supplies the tactility,
and it can be adjusted to various heights
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AWAKENING

MORNING ROUTINE

You wake up and stretch, making coffee
and looking forward to a productive day
of work. After an hour in the office...
WORK

WORKOUT

You head to the beach to listen to the
waves while you get your morning
workout. After another couple hours
of work, you are craving lunch.

EXERCISE

LUNCH

LUNCH
VIRTUAL ENGAGEMENT

VIRTUAL ENGAGEMENT

MEETING

At the park, you eat some fresh fruits
on a picnic table, listening to the
birds chirp and people-watching.

MEETING AND RECREATION
RECREATION

Back in the office, you head to the meeting
room to collaborate with a colleague
who helps you through an issue you’ve
been avoiding. Feeling accomplished, you
invite a friend over to play table games.

PERFORMANCE

WINDING DOWN

SLEEP
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The late evening is as busy as work, consisting
of a favorite rock band’s concert and a
Broadway play with the original cast.

PRIOR INVESTIGATIONS

OFFICE
DINING

BATHROOM
BEDROOM

+

ENTRY

REC ROOM

FITNESS
THEATER
5.10
LAYERS

STATIC

The space for the morning stretch and
workout is serene, with a panoramic view
of nature that makes the air feel crisp and
fresh. It resembles a dojo in a way, with
its wood floor and warm colors, but there
is a small television on the wall to help
break up the monotony of the workout.

increasing productivity. When sitting
becomes tiresome, the desk can move up
for a standing workspace. Large plants
make the space more pleasant, and there
are few distractions beyond white noise
and a scenic urban view. Colleagues
can be consulted at a moment’s notice,
in person, but it is time for lunch.

Getting to work, physical monitors are
unnecessary with the headset, and
working on the opposite side of the
desk grants a welcome change of pace,

The dining room also sports warm colors,
with dim lights like a fancy restaurant
that stifles external stimuli to increase
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WINDOW
TO / FROM OFFICE

COUNTER
TO / FROM DINING ROOM

CONTROLLERS @ WINDOW
TO / FROM FITNESS CENTER

CONTROLLERS @ TABLE
TO / FROM THEATER
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CONTROLLERS
TO / FROM REC ROOM

INTERACTION MAP
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FITNESS ROOM: A FULLY IMMERSIVE ESCAPE

focus on taste alone. Walls are adorned
with framed paintings, and the ceiling
above has completely disappeared, leaving
only the stars and ambient sounds of
the night. Looking out the window, what
used to be cluttered urban conditions
are suddenly a dark ocean view. The
walls and floor are wood, save for the
external wall which remains brick. Even
the chair has changed to a more friendly,
patterned design, and virtual seats for
virtual guests look as real as can be. The
hanging plants add a flash of cool color
to an otherwise earthy experience.
The recreation room is a quirky space
which allows for virtually any activity,
with or without friends, and the theater
feels like Broadway or a rock concert
depending on the chosen entertainment.

5.13

The best part? All of this can take place
without leaving the studio apartment,
and it is affordable on the budget of a
college student or a working-class laborer.
Mansions have descended in worth, as now
they are functionally available to the masses.
Nearly as important as the design of
each space is the transition between.
Moving from layer to layer must feel like
traversing a much larger house. What
would previously be a doorway is now an
interaction. The interaction, something
as simple as picking up an object or
pulling a lever, serves to sever the mind’s
connection to the current space just enough
that the new layer feels new; it does not
feel like being stuck in a small room.
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QUANTITATIVE DATA
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Results
The Layered Apartment is far from a perfect project, but
much was gained from its execution, both from flaws
and successes. As for what works, the aforementioned
interactions which make the user more comfortable
in a small space are effective despite their simplicity.
The arrival in the new space is sufficient to create the
distraction and emotions needed to sever the connection
with the previous space. Additionally, the execution
of such an interactive, occupiable project served as an
excellent opportunity to familiarize myself with VR
development, as tools built specifically for architecture
are not powerful or optimized enough for this use case.
Unfortunately, though, I did not have the time to
conduct thorough experiments and collect quantitative
data as I intended, and likewise the dynamic millwork
was never built. One question which arose was
whether someone who lives in the Layered Apartment
would still feel the effects of the space transition
once the novelty wore off. Another concerned the
addition of new spaces. Could one install new virtual
rooms as a smartphone installs applications?

These successes, flaws, and questions aided me moving
into this thesis project, but the goal was never to
directly continue work on The Layered Apartment.
Rather, the aim is to continue this train of thought while
expanding into a more comprehensive architectural
scope. Rather than a renovation which seeks to change
the way an inexpensive living space is occupied, this
thesis is a new work of architecture which integrates
extended reality spaces into its concept, programming,
design, and hypothetical construction. While it is an
investigation into future technology, I do not consider
it chiefly speculative, as it is based on prior knowledge,
trends, and facts. This project itself will never be
constructed, but I intend it to serve as a viable design
precedent for the eventual XR buildings that are.
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6.1

PROGRAM BY VOLUME

Stacks
Restrooms
Public Space

Typology

TYPOLOGY, SITE, PRECEDENTS

Vertical Circulation
Based on this thesis, that the architectural practice
must integrate extended reality with its design and
built form, the choice of typology is quite open. Given
that the previous assertion encompasses the entire
field of architecture, the typology could be anything
that provides a sufficient example of this method of
design. The key word here is example. In four short
months, any building is difficult for a single person
to design. If I were to proceed to design a building
which features every XR implementation I can imagine,
that would not be nearly enough time. A series of
small design charrettes might be nice, but they
would not go beyond the ideation phase due to their
fundamental nature. Thus, the chosen typology must
represent a subset of available XR implementations,
with a direct focus so as to avoid scope creep.

Open/Circulation

Non-Professional Art
Misc. Support
Lounge

Cutting to the chase, the building I am designing
for this thesis is a mediatheque. This is essentially
a library of the future. A mediatheque should be
a sanctuary of information which can be leisurely
browsed or intensely studied. It includes books,
movies, games, music, and of course, XR experiences
and augmentations. Throughout the building, there
are dedicated spaces for collaboration, performance,
art, productivity, education, and virtual travel, as well
as spaces for relaxation, privacy, and socializing.

Immersive Production
Cinema
Cafe
Audio/Visual Library
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As for the ideals of the mediatheque,
it functions as part of a universe of
knowledge, built up through generations
of humanity, meticulously organized and
just waiting to be explored. It is a safe
haven, reducing anxiety in visitors rather
than causing it. Each space should be
inviting rather than overwhelming, but it
must acknowledge that what is inviting
to one may overwhelm another. While
XR facilitates different experiences for
different visitors, from wayfinding to
augmentation to information density, the
architecture must not be neglected.

So why is this a good fit for a thesis on an
architecture of superimposition? First, it
is architecturally interesting, even without
an implementation of extended reality.
A mediatheque hosts a unique blend of
public and private spaces, some of which
may interweave and blur, and others
which should remain quite disparate.
Likewise, a mix of quiet and loud spaces
is equally necessary, as there are areas
for children, researchers, collaboration,
creation, and performing. Another
fascinating area is lighting, as XR grants
designers a new type of artificial light with
which to design, completely fooling the
senses of inhabitants. This leads us to the
possibilities of XR within a mediatheque.
When a researcher comes to a typical
library, they have three basic options:
wander in search of a book, use the library
system to locate a book, or seek assistance
in finding the book. These each place a
decision point at the entrance. Extended
reality augmentation can allow for a
configurable information density which
guides one directly to the sought-out
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resource, allowing for tangential paths
of investigation based on pre-existing
tags of classification. Those interested in
using makerspaces, productivity rooms, or
otherwise producing work might similarly
use augmented areas for their needs,
or they could even use immersive XR to
get their work done in another location
virtually. Those interested in learning
can seek immersive travel experiences to
experience places and cultures in a wholly
new way, unlike what can be accomplished
in a school or on a small budget. As for
entertainment, the possibilities are virtually
endless, with events, performances, and
art galleries being topics which could
require entire theses in themselves. Overall,
though, a mediatheque does not include
all types of program, such as residential,
religious, or healthcare, so despite this
wealth of possibilities, it remains a
subset of XR’s ultimate capabilities.
The last major reason a mediatheque
is a suitable choice for this thesis is its
exposure to varying patrons. A downtown
mediatheque will be exposed to both rich
and poor, many of whom may still not
own XR glasses. It will be experienced by
young, tech-savvy visitors as well as by the
less tech-inclined. It may not be the only
architectural typology with this ability,
but the mediatheque hosts a rare ability
to connect people across cultures, and
with XR that ability extends to languages
and locations. To reiterate, though, the
important part is the interaction between
built form and extended reality. This is
to be investigated through the lens of a
mediatheque, but I do not intend to be
overly caught up in purely programmatic
studies given the time constraints. This
focus applies still more to the site.
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DOWNTOWN DALLAS
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Site
The site of this mediatheque, as alluded to in the
previous section, is in downtown Dallas, Texas. Located
on a plot of land which is currently a parking lot
adjacent to the underutilized James W. Aston Park,
the mediatheque hopes to activate this somewhat
neglected section of downtown. This area has a lot
going for it despite its lack of use. Given that a project
of this sort could be sited virtually anywhere in
the modern industrialized world, the choice of this
specific location in Dallas was due to a few factors.
First, since this thesis is not a deep investigation into
culture, sustainability, site, or the like, a location that
was familiar to me became a priority. I did not want
to have to learn all about a brand new city I had never
laid eyes on when there was so much else to learn
and discover. Having spent about eight months in
Dallas, it was a good candidate. In this vein, Dallas has
demographics which are well-suited to facilitating
fellowship across cultures, while not being host to a
brand new culture with which I am not familiar.
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SUN
This specific location within Dallas was
not chosen on a whim. Using GIS, nearby
libraries and the areas they serve were
located so as to avoid duplication of efforts,
and many other factors were investigated.
The chosen site is located away from the
flood plains and is extremely well-connected.
About one block away is a large Megabus
center which offers affordable travel to
over 100 cities throughout the country.1
Also within a block is the Dallas Area Rapid
Transit (DART), a light rail which runs
throughout the greater Dallas area and is
often used for commuting. Bicycle paths
also surround the site, and several points
of interest are located within walking
distance such as the aquarium, several
museums, many restaurants, and the art
and entertainment district of the city, Deep
Ellum. I have also conducted preliminary
environmental studies, such as wind and
solar, and located nearby historic districts
and subdistricts, of which there are many.
A particularly fascinating piece of site
analysis, though, is the Dallas Pedestrian
Network, or DPN. In 1969, urban planner
Vincent Ponte published a new set of
guidelines for urban development in Dallas.
This plan utilized a vast network of tunnels
and skywalks to connect the downtown
area, filled with stores and restaurants
as a method to fight suburbanization and

WIND
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Historic Districts
DPN Plan
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MODERN DPN

HISTORY
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encourage occupation of the city’s core. From there,
the DPN grew organically, connecting private office
buildings to public areas like Thanks-Giving Square.
The city established easements for these tunnels and
skywalks, and many were expensive and well-detailed.
However, the network growth stalled as it became a
scapegoat for the city’s problems in the 1990s. Blamed
for the lack of street-level activity in Dallas, growth
of the DPN slowed, and over time through closing
entrances and changing ownership of the buildings
above, areas of the network became inaccessible.2

The chosen site provides an interesting opportunity
to interface with the Dallas Pedestrian Network,
which is accessible through adjacent buildings. A
new entrance could be added to the DPN, or a new
connection to a nearby building which is already part
of the network could be envisioned. Additionally, this
network connection could explore XR possibilities such
as wayfinding and visualization. Extended reality could
potentially remedy some negative aspects of the off-street
pedestrian network. This is an area for further study.

In summation, while the mediatheque could have been
in a multitude of locations, this site provides a number
of benefits. These include my own prior knowledge, the
site’s urban connectivity, and its unique characteristics
like the pedestrian network. Dallas itself contains
vastly varying demographics, with proportionally
large Latino and African American populations as
well as a noteworthy wealth disparity.3 All of these
provide interesting challenges without detracting
from the main points of my thesis. The reason these
auxiliary issues should be tackled is that an architecture
of superimposition need not abandon its existing
concerns to accommodate new ones. Instead, the field
of architecture must grow to encompass these new
challenges. Like reality, it is not supplanted. It is extended.

1. Megabus, Stagecoach
Group PLC, us.megabus.com/.
2. Jeppson, Noah. “History.”
DallasPedestrianNetwork.
info, dallaspedestriannetwork.info/?page_id=37.
3. “QuickFacts: Dallas City,
Texas.” U.S. Census Bureau,
U.S. Department of Commerce, 1 July 2016, www.
census.gov/quickfacts/
fact/table/dallascitytexas/PST045216.
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FLOOD PLAINS
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Water
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MOBILITY
Adjacent to DART, within
walkable radius of downtown
Site
Structures
Points of Interest
Bicycle Paths
Dallas Area Rapid Transit
Streets
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SEATTLE PUBLIC LIBRARY
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Precedents
Each of the five precedents for this work can be placed
in one of two categories: physical or virtual. The
physical precedents are libraries and mediatheques,
chosen for their connection to the program and the
architecture. The virtual precedents, on the other
hand, are helpful for understanding my broader
theoretical argument and the value of extended reality
in architecture. I will begin with the physical.

Toyo Ito’s Sendai Mediatheque, located in Japan, opened
to the public in 2001. This is a primary precedent due
to its program, not necessarily its architectural solution.
Working from the bottom floor upward, the Mediatheque
includes a cafe, shop, open “public square” for events
and performances, children’s areas, and typical library
program. Moving still more upward, it also includes
an area for non-professionals to make and display art
along with a full professional art exhibit with rotating
content. The top floor contains a collaborative studio for
groups to conduct intense meetings and charrettes to
solve major urban problems. For instance, this area was
used to determine methods of dealing with earthquakes
after a recent one devastated the area, including the
Mediatheque itself.4 While my project is not a copy
of this program, it was used as inspiration for the
typology as a starting point. Architecturally, the Sendai
Meditheque sought to solve the problem of technological
futureproofing by building as few walls as possible, with
movable partitions being used to delineate space and
very little set in stone.5 This is a direction I would like to
avoid in my design, as it seems like a non-answer despite
the abundance of thought that undoubtedly went into it.
4. “1st Floor.” Sendai Mediatheque, Sendai Mediatheque, www.smt.jp/en/
about/floors/1st.html.

5. McKitrick, Kevin. “Sendai
Mediatheque – Toyo Ito.”
Kmckitrick’s Blog, WordPress,
1 Sept. 2010, kmckitrick.
wordpress.com/sendai-mediatheque-toyo-ito-kevin-mckitrick/.
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SENDAI MEDIATHEQUE
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SEATTLE PUBLIC LIBRARY
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BIBLIOTHECA ALEXANDRINA

The Seattle Public Library is the second
physical precedent. Featuring a vertical
circulation path with interlocking fixed and
flexible functions and a spiral of books along
the walls, this library is a major challenge
to the form, and it is a much more pointed
attempt at dealing with the changing use
of a library. Designed by OMA and opened
in 2004, it is a unique take on the typology,
serving as a public icon as well as a resource
center which facilitates new media.6 Despite
its radical new form, it maintains the
classic library organization system, just in
a more linear fashion which facilitates the
expansion and contraction of specific areas
without disrupting the original layout. Much
can be gained from the study of this building.
A Norwegian architecture firm called
Snøhetta designed the final physical
precedent, the Bibliotheca Alexandrina,
with culture at the forefront. Its ideals
combine past and present, with modern
materials adorning a classical shape’s form.
Inside, its colossal reading room leaves
little doubt that the building is designed to
be an awe-inspiring but functional library.7
Generally, the building seeks to connect
people across cultures, languages, and
locations. Both dead and living languages
adorn its exterior walls, but despite its
evocative design, it only goes skin-deep.
This may be a case where architecture
tried to solve problems outside the realm
of its control. However, architecture will
soon integrate XR technology, which
brings with it a host of new possibilities
for solving precisely the same problems.
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SEATTLE LIBRARY PROGRAM SECTION
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6. “Seattle Central Library
/ OMA + LMN.” ArchDaily, ArchDaily, 10 Feb.
2009, www.archdaily.
com/11651/seattle-central-library-oma-lmn.

7. Langdon, David. “AD Classics: Bibliotheca Alexandrina / Snøhetta.” ArchDaily,
ArchDaily, 3 Feb. 2015, www.
archdaily.com/592824/
ad-classics-bibliotheca-alexandrina-snohetta.
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NYSE 3DTF
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MEDIATING MEDIUMS: MATERIAL CHANGES

6.19

MEDIATING MEDIUMS: SPATIAL TRANSPARENCY

The virtual precedents are of a different
character. The first is the first-ever
business use of a three-dimensional
virtual environment.8 Commissioned by
the New York Stock Exchange, the Virtual
Trading Floor, or 3DTF, was designed
by the architecture firm Asymptote in
1997.9 The 3DTF was an entirely virtual
environment rendered across an array
of large monitors which was intended
to alleviate the struggles that come with
the ever-increasing complexity of market
data. To accomplish this, the 3DTF allowed
users to visualize data in three dimensions,
superimpose information, and see from
multiple perspectives simultaneously. The
layout mapped diagrammatically to the
physical trade floor to establish a sense of
familiarity for users. Today’s technology is
orders of magnitude more advanced than
this in every way, but the 3DTF was ahead
of its time conceptually, and it was the first
true, financially-backed demonstration
of the utility of virtual environments.

The second virtual precedent is a 2011
thesis from Harvard’s Graduate School of
Design. Greg Tran’s “Mediating Mediums”
video and associated presentation are a
deep exploration of precisely the topic
being explored in my thesis.10 He begins
by defining the categories in which visual
arts operate. Material 3D is the basis of
all things: rocks, sticks, the ground, and
all other objects. Material 2D began with
cave paintings and extends to writing on
paper and photography. In contrast, Digital
2D is what gets displayed on computer
screens, such as webpages, spreadsheets,
and digital art. Even a three-dimensional
model displayed on a screen is classified as
Digital 2D. His thesis lies in the fourth and
final category, which he believes to only

Tran’s thesis investigates a
speculative augmented reality
which precisely aligns with
my vision of extended reality.
While he does not focus on the
technology, his examples make
it clear that his headset can
make dramatic alterations to the
built environment that current
technology does not quite
allow. The project investigates
Digital 3D possibilities allowed
by XR through the lens of
a renovation to Harvard’s
architecture building. With an
accurate alignment of digital
model and physical built work,
possibilities such as spatial
transparency, data overlays,
privacy barriers, and active
wayfinding and material
changes become possible.
The most fascinating and
applicable aspect of Tran’s
project to my own thesis is

his idea of dynamic change
based on location, time, and
group. In his vision, LANbased connectivity allows a
user’s XR experience to adjust
based on their precise location
within the building, facilitating
wayfinding, transparency, and
so on. Similarly, the building’s
layout can be scheduled such
that partitions appear and
disappear based on time of day,
allowing for dynamic use cases.
Most interestingly, users can
belong to groups, like a website,
where the building reacts
uniquely to the individual based
on the groups to which he or
she belongs. In Tran’s example,
students and professors
may experience the building
differently, and a mediatheque
allows for even greater variation
based on its diverse user
groups. All of this serves as an
excellent point of departure
from my own design, as I am
investigating architectural
design as opposed to renovation.
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now be emerging. What sets
Digital 3D apart is that there is a
subject moving through space.

8. “NYSE Virtual Trading
Floor.” Architect.org, Architecture Research Institute,
Inc, www.architect.org/
features/nyse/nyse2.html.

9. Rashid, Hani. “NYSE 3DTF
Virtual Reality Environment.” Archphoto, Archphoto, Jan. 2002, archivio.
archphoto.it/IMAGES/
asymptote/rashid.htm.

10. Tran, Greg. “Mediating
Mediums - The Digital 3d.”
Vimeo, Vimeo, Inc, 9 June
2011, vimeo.com/24860709.
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7.1

3D SITE MODEL

EXTENDED DESIGN PROCESS

Site and Program Analysis
As described in Chapter IV, design and presentation
are two vitally important areas of research with
regards to the architecture of superimposition. Early
stages of the design process will likely be impacted,
and additional consultants should be added to the
process, but changes to the design itself remain the
biggest question mark in this new future. Similarly,
presentations will shift toward virtual occupation of
the unbuilt spaces, along with potential layered or AR
drawings. Throughout the course of my studies, these
two subjects have become the primary foci of my thesis.
Therefore, this chapter will surround the design of the
new Dallas Mediatheque, while the proceeding chapter
will cover the planned presentation of this thesis.
Given the project’s timeframe and the vagueness of
the subject, it would be impossible for me to analyze
historical design methodologies and contrast them
with my own personal XR design method. What I can
do, however, is look into how my process changed. Site
analysis is always one of the first steps when designing
a new project. With no preconceived notions, maps
are printed out at various scales and everything that
could potentially contribute to the design is roughly
drawn on trace paper. After eliminating a few that are
unlikely to be important, these are then transferred to
cleaner diagrammatic form in layered documents to see
how they might be combined to form design drivers.
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7.2

COUNTRY SCALE

For this project, I went about the site
analysis in a very similar way, except rather
than printing and drawing by hand before
making computerized diagrams, I used a
Wacom drawing tablet to essentially cut
out the middleman, drawing directly into
a layered document. Mixing and matching
layers of analysis led to insights about the
most likely pedestrian approach directions
and formal building opportunities. While
not revolutionary, this sped up the process
considerably, improved the ability to
bring sketches into 3D programs, and
increased fidelity that would typically be
lost when digitizing physical drawings.
After determining the basic building
position on site, connection to the Dallas
Pedestrian Network (DPN), and the rough
pedestrian entry sequence, it was time
to move on and design the internals.
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The program for XR-integrated architecture must necessarily be
considered in a way unlike that of a normal, static building. In
a typical building, one space is one space, and while it may be
repurposable, it is one space at a time. We have already established
that XR spaces are significantly more flexible than this, so a
different approach is necessary. Given the varied program of the
mediatheque, I decided to begin by analyzing specific visitor
experiences rather than the traditional space planning approach.
After establishing some imaginary people to design for with
various desires and intentions, I realized that it would make
more sense to think in broader terms of visitor type instead.
Some visitors come in groups, some come alone, and the vast
majority will not utilize everything the mediatheque has to
offer. The general groups I decided to focus on were researchers,
hobbyists, romantics, school groups, families, and nightlife.

Each type of visitor would have different ideal experiences, so these
were cataloged. For example, a researcher would like personalized
results with no irrelevant info, filtered data that helps find a starting
place and relate sources to each other, a sharing system that helps
connect to others to reduce duplicative efforts, and of course focused
work areas, stacks, lounges, and a cafe for breaks. Along with the
cafe, a hobbyist would desire social spaces, secluded areas, access to
books, movies, and XR experiences, and a clear flow for borrowing.
The completed analysis of ideal experiences led to a reevaluation
of what program the building should contain, which eliminated
the makerspace as well as some more minor areas. What
remained of the program was then similarly categorized and
analyzed, searching for what XR could enhance in each. These
four program groups and their enhancements are shown in
Image 7.9. From here, the question becomes—how would
these categories of program be unified in one building?
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7.10

1

2

3

GENESIS

EXCURSION

DIGRESSION

CIRCULATION CONCEPT

EXTENDED DESIGN PROCESS

Visitor Experience
Visitor experience would become the unifying aspect
of the design which brings these discrete goals
together. As with any piece of architecture, focusing
on “visitor experience” is not enough of a guiding
principle. It needed a focus. I considered multiple ideas,
from socialization to collaboration to the nebulous
“innovation.” However, the one that I believed would
have the most potential to enhance the entire building
simultaneously was exploration. Thus, the design focus
became the exploratory process, which broke down
into three phases: Genesis, Excursion, and Digression.

A genesis is an origin, creation, or beginning. This
consists of the short process from entry sequence to
arrival at the Public Square. Beginning with a plurality
of visitors approaching from different directions,
the building brings them together at the same point,
introduces XR, and then releases them into the main
public space to begin their journeys. Side note: As
previously established, the widespread adoption of
personal XR glasses is all but inevitable. However, like
smartphones, not everyone will have one. Therefore,
the mediatheque will allow temporary rental of XR
glasses to give every visitor the same experience,
like 3D glasses at a movie. This works because a
mediatheque is already set up to handle rentals, and this
approach allows me to focus more on the XR design.
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A digression is a deviation from the main
topic or purpose. This is everything that
happens from the end of the Excursion
onwards. Just because a person came
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for something does not mean they will
find everything they need there. The
digression draws on the capabilities
of XR, creating connections between
library resources, patrons, and spaces to
encourage visitors to never stop exploring.
It utilizes secondary areas like the lounge,
but it could also include art areas, the
cafe, stacks, or anything else. There are
multiple paths from any point to any
other. This phase has a greater impact
on interior design than the other two.

In addition to the phased experience,
visitors will notice some other
characteristics that make the mediatheque
unique. One such characteristic is dualpurpose spaces. Rather than being
repurposed for different uses, these
rooms can be utilized for completely
different functions simultaneously by
different people. A lounge to one person
is a hallway to another. An open reading
area to one person is a workspace to
another. The open art gallery is also a
studio. A meeting room is also a gaming
room. Every space was evaluated in eight
categories, including noise level, crowd
density, frequency of use, privacy, and
more. These qualities were used as a metric
to determine how suited to combining
each space was, and this led to decisions
about what could and couldn’t merge.
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An excursion is a short trip with a special
purpose. This is the journey from Public
Square to the intended destination. In order
to remove the need for hard decision points
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ARCHIVE AREA

CONCEPTUALIZING
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COMBINABILITY ANALYSIS

Early Design Sketches

DESIGN SKETCHES
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Another unique characteristic is the
additional function of privacy. While the
concept of private vs. public is always
important in architecture, the advent of
layered space allows for a new version of
privacy in the virtual world. Some spaces
are virtually private, while others are
virtually public. In XR public spaces, one can
be contacted by another visitor, and in XR
private spaces this cannot happen. When
selecting resources in the mediatheque
and in other similar mediatheques around
the world, chosen sources are tracked
and paired with the visitor. As the system
begins to recognize the topic of study, it can
suggest contacting people who previously
researched the same or similar topics,
as long as they are in an XR-public area.
Rather than an opt-in/opt-out system that

functions like a switch in a convoluted
settings screen, this virtual privacy goes
hand-in-hand with the occupied space.

Lastly, there are enhanced rooms. The
archive area contains a discovery chamber
where researchers can handle virtual
archival objects without disturbing them to
reduce wear and aid with decision-making
before being granted access to a work area.
Without needing specific user input, the
children’s area allows transparency of solid
walls so that parents can keep watch on
their children if they go to grab a magazine
nearby. The vast majority of program
has XR enhancements in one way or
another, typically to provide context, allow
customization, or assist with wayfinding.
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FACADE AND COURTYARD
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Physical Design
The mediatheque’s physical design was important
from the start. The goal was to not let it be an empty
box and rely on technology for the entire interior.
I view that strategy as a noncommittal approach,
a non-answer to the question of how to design for
XR or the future in general. This is why the building
took on a more dynamic, geometric form. The main
features of the building are derived from the entry
sequence. Situated in the northeast portion of the
site, the main mass of the building makes room in
the southwest, where the majority of visitors will
likely come from. Pedestrians will primarily approach
from one of two areas: the tunnels of the Dallas
Pedestrian Network (DPN) and from the street level.

A primary goal of mine was to make each person feel like
they are stepping out of the ordinary world and into the
extraordinary. The other main goal was to route each
visitor to the same place so that there is a shared Genesis
phase leading to the same logic tree. To establish the
otherworldly feel, the entrance is placed on the lower
level, forcing pedestrians to step down from the street.
Merging visitors is accomplished with a formal strategy;
the building sports two branches, one reaching to the
DPN and the other to the stairs from the street. These
branches converge inside near an information desk,
where XR glasses can be grabbed if necessary, before
heading up the escalator bank to the public square.
Supporting this entry sequence which prioritizes a
southwestern approach, the mediatheque takes on a fan-
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like geometry in plan as three large, diagrid
curtain walls with slight double curvature
project into the air in that direction,
signifying the entrance and presenting a
glimpse into the building’s inner functions.
The virtual activities inside are projected
onto the facade, allowing passersby to catch
moments which speak to the possibilities
within. The aim is to cause pedestrians
to pause and possibly enter while leading
drivers to make mental notes to return at
a later date. The wings of the building are
separated by three light wells which, as well
as bringing in light, help orient visitors,
show them an interior expression of the fanlike form, and help mark the locations of the
primary vertical circulation, both escalators
and fire stairs. The remainder of the form
consists of a core area in the northeast
which contains the loading dock, parking
entry, multi-story lounge area, and more.
Materially, the building is comprised of
primarily metal components, painted
white with accents existing only notable
locations or where wayfinding is needed.
The simplified color palette pushes XR
implementations to the foreground,
improving wayfinding, entertainment,
and legibility of complex information.

7.16
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DESIGN SKETCHES

As discussed in the previous chapter,
designing a building of this size to
completion within four months would
be difficult for a single person, even with
no thought of theory or new technology.
It is for this reason that I decided to
redirect my focus for the final portion
of the semester. Since the basics of the
building’s schematic design are complete
and suitably documented, they are fit to
be improved upon and learned from. In
order to efficiently work toward the final
presentation, I decided to break down the
project and focus on specific areas. This will
lead to a more persuasive final presentation.

EXTENDED DESIGN PROCESS

FINAL DESIGN SKETCH
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8.1

XR PLAYGROUND START

With all that in mind, how might the architectural
presentation be enhanced or extended when showcasing
a layered building whose experiences are so radically
varied? As with the project itself, this question will be
answered in time through trial and error. I am seeking
to be the first to attempt to tackle this problem. I
do not propose my method as a universal solution,
or even a sufficient solution. Rather, I hope that
some will consider this thesis and improve upon my
methods when designing the upcoming generations
of superimposed architecture. To that end, this
chapter details my two main presentations of the
spring semester, the last ones of my college career.

EXTENDED DESIGN PRESENTATION

XR Playground

When planning the first major presentation of the
semester, possibilities were virtually endless. The
traditional route was always an option, with drawings
adorning the walls, a rehearsed speech, and making
all efforts to present the illusion that I have all the
answers. This is what I did for the final review in the fall,
and the feedback was unanimous: I need to make the
presentation as unique as the topic. I briefly considered
a mixed-media presentation of drawings with a simple
VR experience to get the point across, but this would
not work for a few reasons. In the community of VR
discourse, there exists a term called “poisoning the
well,” which refers to showing newcomers a sub-par
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experience, permanently souring their
opinions of VR as a whole. I did not want my
VR demo to seem half-baked, but I obviously
did not have time to finish a polished version
either. Thus, I settled on an “XR Playground.”

The XR Playground is essentially an
experiential diagram, providing the
simplest, purest expressions of the
possibilities of XR through the use of VR. The
actual experience of XR architecture would
be impossible for a student to create, as it
would require a physical space and a digital
model mapped 1:1, along with technology
that simply does not exist at this time. What
can be created, however, is a simulation of
the XR experience. An HTC Vive headset
is used to simulate the real world. Within
the experience, users put on XR glasses,
enabling the XR interface, objects, and
interactions. This implementation of XR
simulation allows for a roughly similar
experience, with greatly decreased
requirements for physical construction and
technological advancement. The challenge
with this, though, is that the designer of the
simulation must necessarily learn software
capable of creating VR experiences, for
which architecture programs are not suited.
I chose to use Unreal Engine 4 (UE4) for
my simulations. Technically, UE4 is a game
engine, but it is not limited to creating
games. The benefit of using UE4 is that it
can render in real time with a high degree
of accuracy. A single small render (frame)
in an architecture presentation can take
over an hour to create in a raytraced, CPUintensive rendering engine such as V-Ray
or Maxwell. In contrast, using a GPU-heavy
method, UE4 can create high-quality images
at speeds required for VR, namely, 90 frames
per second (FPS) for each eye, or 180 fps
total. While the steep learning curve of UE4
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certainly slowed me down and reduced
my total output throughout the project,
it was a necessary undertaking in order
to create the best possible product. That
said, architects are always dealing with
changing technology, so learning programs
that function in a real-time rendering
environment will likely be a good thing
long-term as the practice increasingly
sees the value in such workflows.

Thus, the XR Playground was born.
“Playground” here is a misnomer—the
virtual environment actually takes the form
of a sort of surreal office, with many desks
spaced in a grid which would clearly never
be used as a real office layout. This makes
it clear that the physical design was not
my priority for this prototype. Rather, the
capabilities that XR provides are to be the
areas of focus. Additionally, ambient spatial
audio exists in the scene, with conversations
being heard, keyboards typing, and
outdoor construction going on. The sounds
react in the space realistically, and they
can be located spatially when turning
one’s head. Put simply, it sounds real.
An experiential diagram as opposed to a full
experience, each XR possibility is presented
as a simple toggle, visible and interactive
once the XR glasses have been put on.
The interactions within are as follows:

EXTENDED DESIGN PRESENTATION

XR PLAYGROUND TOGGLES

•

•
•

•

•

8.2

Privacy Partitions: When enabled, four walls surround the user,
cutting him or her off from the environment. Noise cancellation
is also activated, eliminating the sound of nearby conversations
and so on.
Wayfinding: Where is Tom’s desk? This wayfinding is projected
onto the floor, leading the user to a different desk.
Alter Materials: The material toggle switches between the
bland, gray aesthetics of the office to a warm palette of wood
desks and floor.

Total Immersion: Eliminating desks, ceiling, and even the floor,
this makes the user feel like he or she is floating in space, with
nothing but stars above. It also mutes the surrounding sounds.

Interactive Objects: Enabling XR interactivity makes visible a
multitude of virtual objects which can be manipulated, grabbed,
and thrown as if they were physical. It also causes a 1:500 scale,
3D, “physical” model to materialize on the desk with north
facing ahead.
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For the presentation, I did not pin up a single drawing, instead
opting to run through a quick slideshow before demonstrating
the XR Playground. The reviewers were able to see on a flat
screen what the demonstrator could see. They watched as
I narrated the basics of the experience being showcased.
At the end, I extended the offer for any of them to try it if
they’d like, and the results somewhat surprised me.

Despite leaving time for them to try, none wanted to. They were
generally impressed, but they were more interested in talking
about it than in trying it out. Later, some returned to experience
it firsthand, but that was not a factor during the review. Initially,
I saw this as a challenge to get them to try, but given the fact that
only one person can use the HMD at once, I eventually came to
terms with the fact that I cannot rely on that. While much useful
feedback was received, many questions were asked by reviewers
which would have been answered had they just experienced it
firsthand. Therefore, this became a significant challenge of the
final XR presentation. I had to reduce the scope of my design, going
into less overall detail in the building in order to create a more
convincing simulation of the XR experience in select locations.

8.3
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XR PARTITIONS
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MATERIALS

8.4

WAYFINDING

8.5

IMMERSION

8.6

INTERACTIVITY

8.7
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8.8

MAN IMMERSED IN VR

As of this writing, four weeks remain until the final
presentation, so this thesis document does not
contain final results. This section instead focuses on
the goals for the final presentation and what is being
done to accomplish them. Originally, I planned to
create XR simulations for the purposes of research
and data collection, but this proved to be less vital to
my thesis. More effective is the use of the simulation
as a presentation method and way of reinforcing my
arguments that XR can enable wholly new experiences
in physical buildings. When seeking only to collect
data, the end result could be that nothing of interest
was found. While this is vitally important at longer
time scales or as the main focus of research, it is
not so useful for this thesis. The goal, therefore,
is to create understanding and excitement.

EXTENDED DESIGN PRESENTATION

XR Alpha

In order to condense the presentation into manageable
chunks which might be sufficiently programmed
and detailed in time for the final presentation, I
am focusing on three areas with one primary focus
for each. The first is the Entry, which consists of
the entry sequence (Genesis) and beginning of the
building navigation. The key focus here is sequence.
Second is the Stacks, which explore the ability of XR
to provide context. Last, we have the Office, which
looks at various methods of spatial alteration.
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Tying these three VR scenes together is the area where the VR
testers begin. The Scene Select serves as a tutorial for the controls
as well as a stand-in for the traditional site model. It begins with
a hallway longer than the tracked area where the tester will be
standing. A thorough understanding of the teleportation mechanic is
necessary for the later experiences, so users must learn to teleport
with the controller to proceed down the hall, around the corner,
and up to the site model. Here, users encounter a site model which
shows downtown Dallas to scale. Interacting with the model with
the grab mechanic increases the scale, allowing the viewer to see
visitors moving around a simplified version of the building in 3D.
This is the Scene Select. Users can grab a specific area, highlighting a
person whose perspective they will then take. For example, hovering
a hand near the DPN exit will highlight a pedestrian nearby, and
grabbing will load the Entry scene, placing the XR visitor in that
pedestrian’s location with the building now at full scale, ready to
explore. Overall, the Scene Select introduces the basic mechanics of
grabbing and teleporting, establishes context with the site model,
and serves as a hub for distribution to the main three scenes.
The first scene that will be explored in my final presentation will
naturally be the entry sequence. The Entry scene can be started
from one of two places: the DPN or the street level. While each
has a slightly different approach, the basic experience is the same.
Visitors enter the mediatheque after getting a look at the large
wings twisting into the sky above. Inside, branding on the walls
leads visitors to the information desk, where XR glasses can be
rented if needed. With XR enabled, the time and date appear in the
peripheral vision, and emissive text appears over the escalators to
lead the way. Visitors then proceed to the escalators in a process
of compression. The release occurs at the top, upon arrival in the
Public Square, a huge space full of bright light, bustling activity, and
noise. After soaking it in, the first choice of the logic tree presents
itself: Are you here for work or leisure? Both routes can lead to
the Stacks, and only the work direction can lead to the Office.
Upon grabbing the office door or ascending up another escalator
to the stacks, the respective scene is loaded, preventing a rehash
of the Scene Select experience. The Entry scene is, therefore, one
of sequence, from Genesis to a simplified Excursion phase.
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SCENE SELECT STORYBOARD

ENTRY SEQUENCE STORYBOARD

8.9

8.10
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The second scene will be the Office. Focusing on spatial alteration
makes the Office more like the XR Playground than any other scene,
but there are a couple key differences. Where the Playground was
an abstract office that was not meant to look like the real thing,
the Office scene will look like a real office. Also, every interaction
in the Playground was a simple toggle, whereas the Office will
have a greater variety of interactions with a more logical flow.
Beginning in the hallway, users will be led to an open office door
using light and XR wayfinding. Once behind the desk, the user
can punch in and instantly see a fully decorated, personalized
desk area. Customization will also be possible, either through a
button or via direct interaction with objects. At this point, though,
many possibilities here are yet to be designed, including remote
presence, enlarging space, virtual daylight, and total immersion.

8.11
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OFFICE STORYBOARD
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Lastly, we have the Stacks. This scene aims to explore the abilities
of XR to provide context to research/entertainment materials as
well as user actions. Users of the simulation begin at the stacks,
with shelves of books in a typical library layout. While I considered
the use of moving shelves or a book retrieval system to save space,
traditional stacks were ultimately the better decision, as they
serve two purposes: First, they ground the project, making it more
believable and relatable. Second, they provide an area to walk
through and explore, as XR interactions surface themselves in front
of the visitor’s eyes. The first thing to do at the stacks is gesture
with the hands, a la Minority Report, to pull virtual representations
of the books off the shelves and into the air. Once floating, the
books are annotated with text such as the title, author, subject,
and topical tags. When grabbed, they expand into more related
books, and the connections between them are shown. Once one
of these is grabbed, the visitor will be led to the location of the
desired book using transparency and floating signage, as well as
the potential use of artificial daylight to illuminate the way. Like
the Office scene, much remains to be resolved, which will certainly
occur in the programming process. For example, this scene would
greatly benefit from a demonstration of social connectivity.

STACKS STORYBOARD

8.12
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8.13

PRESENTATION LAYOUT SKETCH

Aside from the XR simulation, the final presentation
requires a space set up to display this thesis. Typically,
this means a wall is covered in oversize drawings, and
one or two physical models sit on pedestals in front. In
my case, enhanced drawings can exist in the VR space,
and much more effort is being put into the XR simulation
than the building details. If I were to display drawings of
the building design as it is, they would make the project
seem unfinished, and they would reduce the likelihood
of passersby trying the simulation. Therefore, I plan to
create my drawings as quickly as possible using exports
directly from the simulation. These can be various sizes
and from various views, and they will all require postprocessing, but I believe this is a plan that will allow the
creation of many cohesive drawings quickly. Hung on
the wall like in any other project, these drawings will
contain different subject matter, and the main goal will
be to draw attention from farther away and lead people
to the XR experience. Sequential perspectives will feature
prominently, and there will likely be one larger render
to draw attention. Instructions for the use of the VR
experience will be present as well to avoid confusion in
cases where I am not around to help. In addition to the
drawings, there must be a place for the VR setup, so a
stand for the HMD has already been purchased, and I plan
to either build or purchase one for the controllers as well.
In summary, the first major review of the semester
informed me that I would have to operate under the
assumption that professors would not try the simulation
before talking about it, as well as the fact that I needed
to reduce my scope if I was to find success in the end.
The final review will aim to show off the Mediatheque
more, using actual spaces within it to explain how the
implementation of superimposed XR spaces can bring
about possibilities that built architecture alone simply
cannot. I intend to continue work on this topic after the
final review, but unfortunately, this thesis document
must be turned in well before the project has time to
conclude. Therefore, the proceeding Reflections chapter
is less of a conclusion and more of a contemplation,
both of progress so far and future progress to be made.
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Presentation Setup
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CLOSING THOUGHTS
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9.1

TOWARD AN ARCHITECTURE OF SUPERIMPOSITION

CLOSING THOUGHTS

Overview
Historically, the physical nature of architecture has
caused it to remain functionally static, despite evolving
theories, materials, and technologies. The design of
spaces and the actions of occupants are fundamentally
limited by the laws of physics. As this thesis and
associated project have shown, architectural spaces can
incorporate extended reality to enhance the design and
use of buildings in a way that was not previously possible.
Due to their part-physical, part-virtual nature, these
superimposed spaces can change over time, on demand,
or contextually, based on their inhabitants. It is therefore
imperative that architects familiarize themselves with
this technology, exploring new methods of design and
presentation for such radically different end products.
It is with this in mind that this thesis document
establishes the basic functionality, terminology, and
history of extended reality before moving on to more
modern capabilities. After a glimpse into the near future
of XR and a look at its relationship to architecture, the
philosophical basis for treating the virtual as real is
explored. Having establishing its history, functionality,
and reality, the idea of spatial superimposition is then
explored through the lenses of visitor, designer, and
presenter. My previous work is then covered, touching
on how XR technology will become normalized in
society and investigating an approach to XR renovations
that brings virtual mansions to the masses. Finally,
my thesis project, an XR-enabled mediatheque in
downtown Dallas, is introduced and my processes
of creation, experimentation, and presentation are
detailed so that others might learn from and build
off them. Despite its large scope and cutting-edge
subject matter, this work scrutinizes only a small
portion of the changes that extended reality will
undoubtedly bring to architecture and greater society.
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9.2

TOWARD AN ARCHITECTURE OF SUPERIMPOSITION

CLOSING THOUGHTS

Reflections
This thesis was conceived as an exploration; it was to
be a first attempt at a complete architectural design
with XR integration. Throughout the process, it became
clear that the topic was broad enough for multiple
years of research and design. Being forced to reduce
the scope of research and design is an unfortunate side
effect of the timescale, but throughout my research I
have come across several areas for further study:
•
•
•
•

Virtual historic preservation.
Futureproof framework for the addition of XR layers.
Effect of physics-defying, unreal spaces on
human health, happiness, and performance.
Use of XR to increase connections between
building inhabitants and the street level.

Of course, the project is not yet complete at this time,
as the document submission is due nearly a month
in advance of the project. This greatly limits the
potential for timely self-evaluation. Regardless, some
reflection is in order. Perhaps my own views on what
went right or wrong may benefit future readers.

Based on thesis reviews thus far, it has become apparent
that more time showing and less time telling would
build a greater case for XR in architecture. The question
of “why” comes up repeatedly, whether asking how
XR improves architecture or why architecture is even
necessary. In hindsight, a more functional, fleshed-out
VR experience would greatly bolster the arguments
that I spend so much time attempting to vocalize. My
approach was justified by the assumption that professors
would be reluctant to try or even care about the VR
simulation, but this concern turned out to be unfounded.
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Another adjustment I would make if I
had the chance to do it again would be
choice of program. While the mediatheque
makes sense as an information-dense
typology with varied program, the project
as a whole would be noticeably more
complete with a smaller program, or
even a different program altogether. This
was always a risk, as the thesis applies
to all architecture, meaning increased
breadth decreases depth. Perhaps a simple
library or museum would have allowed
more time to be spent on XR design.

Despite these metaphorical speed bumps, I
believe this thesis will be successful overall.
The subject matter will likely not date itself,
as it does not dwell on current technology.
As far as I can tell, the arguments are
clearly stated, taking into account potential
counterarguments and responding in kind. I
also view the project as a personal success,
as it helped me push myself to new academic
limits, learn programs that will help me
moving forward, and generally have an
enjoyable final year full of excitement and
discovery. Finally, and most importantly,
this thesis successfully serves as a point of
departure for designers concerned with the
future. The technology is inevitable. The
capabilities are inevitable. Will architects
improve on these ideas and prepare
themselves, or will they be replaced by those
more willing to design the virtual world?
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Glossary
DISCRETE

Distinct; individual and separate.

Using tracked eye movement to determine what is
being focused on before processing this area at
RENDERING
a higher resolution than the surrounding areas
in order to reduce computational workload.
FOVEATED

LATENCY

PRESENCE

TRACKING

TRACKING,
INSIDE-OUT

TRACKING,
OUTSIDE-IN

132

Delay between input and execution of said
input, such as the time between a button
press and an action onscreen.

The feeling of truly existing in a virtual location,
the mind being completely fooled.
Maintaining accurate location data on objects
such as motion controllers and headsets.

Cameras, sensors, and all other tracking hardware is
contained within the HMD such that tracking
data is determined based on relationship
to the surrounding environment. This is
quicker to set up or move than outside-in.
Cameras or base stations are stationary with
views encompassing a tracked area. This
requires additional discrete hardware, and
the tracked area must be set in advance.

AR
CAVE
CG
CPU
CV1
DART
DK
DOF
FOV
FPS
GIS
GPU
HDK
HMD
IR
LAN
MR
OEM
PTSD
R&D
UE4
VR
XR

TERMS AND ABBREVIATIONS

List of Abbreviations
Augmented Reality

Cave Automatic Virtual Environment
Computer Generated

Central Processing Unit
Consumer Version 1

Dallas Area Rapid Transit
Developer Kit

Degrees of Freedom
Field of View

Frames Per Second

Geographic Information System
Graphics Processing Unit
Hacker Development Kit
Head-Mounted Display
Infrared

Local Area Network
Mixed Reality

Original Equipment Manufacturer
Post-Traumatic Stress Disorder
Research and Development
Unreal Engine 4
Virtual Reality

Extended Reality
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Appendix
Suppelementary material. This section includes a
timeline of technological and academic progress in
the study of extended reality, as well as a table of the
most important XR-related devices in history, their
contributions, and relative cost accounting for inflation.
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Timeline of XR History
1838

1849

1861

1929

1935

1939

1957

1961

1962

The first stereoscope, by Charles Wheatstone.
This was the initial discovery of the use of 2D
images to fool the eyes into seeing in 3D.
Lenticular (lens-based) stereoscope, by David Brewster.
First handheld, lenticular stereoscope.
Became a popular item in Victorian drawing-rooms.
Lenticular stereoscope, by Oliver Wendell Holmes.
Smaller, more streamlined viewer than ever before.
Consists of two lenses and a wooden stand for
holding the image card.
Remained in production for centuries.
Link Trainer, by Edward Link.
First ever flight simulator.
Adjusts pitch and roll, simulates turbulence and
disturbances.
Used by the US military to train over 500,000 pilots.
Cost $50,000 each in today’s money.
Pygmalion’s Spectacles, by Stanley G. Weinbaum.|
Describes a spectacle-based VR system which
simulates sight, smell, taste and touch.
This sci-fi novel is the first recorded
reference to VR as we know it today.
View-Master stereoscope, by William Gruber.
Rotating cardboard disk with stereo images.
Used for “virtual tourism.”
Concept later used as a toy.
Telesphere Mask, by Morton Heilig.
First example of a head-mounted display (HMD).
Non-interactive, no motion tracking.
Played a stereoscopic film with stereo sound.
Headsight, by Philco Corp.
Helmet which incorporated a video
screen with a head tracking system.
Sensorama, by Mortin Heilig.
Intended to be “The Cinema of the Future.”
Seated arcade cabinet which surrounds the head
and plays a film.
Includes a stereoscopic 3D display, a vibrating chair,
smell generators and fans.
Not interactive, but innovative due to the fact
that it simulates sight, sound, touch, and smell.
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Timeline of XR History (continued)
1965

1968

1972

1977
1978

1981

1981

1982
1983
1985

144

The Ultimate Display, by Ivan Sutherland.
Description of a theoretical display system which
is so immersive that the user could not tell the
difference between virtual and physical reality.
This means a virtual chair could be sat in, virtual
handcuffs would restrain someone, and a virtual
bullet would kill.
This is now a core blueprint for the concepts of
today’s VR, and it inspired many future researchers.
Sword of Damocles, by Ivan Sutherland and Bob Sproull.
First VR/AR HMD connected to a computer.
Hung from the ceiling because it was so heavy.
CG VR consisted of primitive
wireframe rooms and objects.
General Electric Flight Simulator
180-degree field of view (FOV) flight simulator.
Consisted of three screens surrounding the trainee.
Sayre Glove, by Electronic Visualization Laboratory.
First interaction through body movement.
Aspen Moviemap, by MIT.
Virtual travel to Aspen, Colorado.
Could be navigated in summer, winter, and
“polygons” mode.
Summer and winter modes were textured with
photographs taken by the creators.
Intended to allow military to train soldiers in
a new area before they go there in reality.
DataGlove
Evolution of the Sayre Glove.
Included 6 degrees of freedom (DOF) tracking.
Recognized 256 positions for each finger.
Ames HMD, by NASA.
First implemented immersive HMD.
LCD displays.
Tron
First movie to depict VR.
Videospace by Myron Krueger.
Graphics and gesture recognition.
Ames VIEW, by NASA.
3D audio, gesture recognition w/ DataGlove, CRT
HMD.
Head tracking.

APPENDIX

1985

1987
1987

1989

1991

1991

1991

1993

Super Cockpit, by US Air Force.
Visual, auditory, and tactile.
Head, eye, speech, and hand input.
Trains pilots to deal with information overload.
Star Trek’s Holodeck.
Introduced the idea of immersive VR.
Popularization of the term “Virtual Reality.”
By Jaron Lanier, founder of VPL Research
and creator of the DataGlove.
Nintendo Power Glove.
Peripheral for the Nintendo Entertainment System.
Recognized four positions per finger and detected
roll and yaw but not pitch.
Plagued with performance issues, ultimately
resulting in commercial failure.
The Cave
The first cubic immersive room, or cave automatic
virtual environment (CAVE).
Environment similar to the holodeck, using
multiple projectors with users wearing 3D glasses.
The 3D glasses are tracked, which makes the
position of the viewer change the image.
People in the CAVE can see objects
apparently floating in the air and look
at them from different angles.
Virtuality VR arcades.
Included stereoscopic visor with head tracking,
joysticks, and multiplayer gaming.
One version includes standing experiences,
while the other is seated.
UNC Ceiling Tracker
Wide area optical tracking system.
Infrared LEDs mounted to ceiling, CCD cameras
mounted to HMD.
Introduction of the concept that would
later be called “room-scale” tracking on
the HTC Vive, albeit done differently.
Sega VR.
Wrap-around HMD introduced at CES.
Project scrapped after technical
development issues.
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Timeline of XR History (continued)
1994

1995

1995

1995

1996

1997
1997

1998

1999

146

VictorMaxx CyberMaxx
Similar to Forte VFX1.
$1000 on release.
Nintendo Virtual Boy
First affordable VR with controller, only $180 new.
No head tracking, games were only in black and red.
Commercial failure despite price drops.
Virtual IO i-glasses.
Precursor to augmented reality.
Displayed an 80” image which appeared
to be about five feet away.
Forte VFX1
Intended for both games and PC control.
3D stereoscopic screens with limited head tracking.
Connected to a PC running DOS or Windows 95.
Head movement could be used to
control the PC mouse, but very few
games were ever released for it.
Sony Glasstron
Similar to i-glasses.
Displayed an apparently 52”
screen about six feet away.
VR used for PTSD therapy for military veterans.
Created at Georgia Tech.
Philips Scuba VR.
Similar to the Forte VFX1, but with better support.
Worked on Windows, included mouse control with
head movement, and played 3D games, of which
more were released.
Originally designed for the Atari Jaguar;
later released on Windows.
IIS VFX3D
Improvement on the Forte VFX1, in that it tracked
the head in 3D space.
This increased gaming functionality, but
the mouse control on PC still worked
the same due to a PC’s 2D interface.
The Matrix, by the Wachowski Brothers
Movie heavily involves virtual reality, albeit not by
name.
Grossed over $460M worldwide.

APPENDIX

2003

2005

2006

2009

2010

2013
2014

2014
2015
2016
2016
2016
2016
2016

EyeToy for Playstation 2
Precursor to the more popular Xbox Kinect.
Motion control for games which did not
require controllers for input, instead
using a single digital camera.
eMagin Z800 3DVisor.
Similar to the IIS VFX3D.
Included head tracking in three dimensions, but
connected by USB cable to restrict area of use.
Displayed both 2D and 3D content,
and controlled computer mouse.
Nintendo Wii Remote.
Inspired the development of other
motion control technologies.
Playstation Move
Sony version of the Wii Remotes.
Tracked based on 6-axis motion control along with
the distance of a spherical light from a camera.
Xbox Kinect
Motion control requiring no controllers, using
multiple cameras instead.
Also includes speech input.
Leap Motion
Hand-tracking cameras with no gloves required.
Google Cardboard
Extremely affordable stereoscopic viewer using a
smartphone as display, processor, and source of
sensors.
Can be constructed at home by anyone for $5 or
less.
While it does not support room-scale experiences,
it includes head tracking.
Most interaction is done through
gaze or the single button.
Facebook acquires Oculus VR.
$2 billion investment in VR’s future.
Razer OSVR
Open source VR headset for developers.
HTC Vive
Oculus Rift CV1
Google Daydream
Playstation VR
Microsoft Hololens
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Chart of XR Devices
DATE

HARDWARE

CREATOR(S)

INNOVATION(S)

PUBLIC? PRICE 1

1838

Stereoscope

Charles Wheatstone

Used flat images to create perception of 3D

No

1849

Lenticular Stereoscope

David Brewster

Handheld, used lenses

Yes

1861

Lenticular Stereoscope

Oliver Wendell Holmes

Smaller, more streamlined

Yes

1929

Link Trainer

Edward Link

Flight simulator

No

$64,000

1939

View-Master

William Gruber

Rotating cardboard disk with
stereo 3D images

Yes

$35

1957

Telesphere Mask

Morton Heilig

First head-mounted display

No

1961

Headsight

Philco Corp.

HMD with head tracking

No

1962

Sensorama

Morton Heilig

Stimulated all five senses

Yes

1968

Sword of Damocles

Ivan Sutherland
and Bob Sproull

First computer-driven HMD.

No

1972

Flight Simulator

General Electric

180-degree field of view

No

1977

Sayre Glove

Electronic Visualization
Laboratory

Interaction through hand movement

No

1978

Aspen Movie Map

MIT

Virtual, 3D travel in motion

No

1981

DataGlove

Virtual Programming Lab 6DOF tracking, 256 positions per finger

No

1981

Ames HMD

NASA

First immersive HMD

No

1983

VIDEOPLACE

Myron Krueger

VR interaction via silhouettes

No

1985

Ames VIEW

NASA

3D audio, head tracking, supported
DataGlove gesture recognition

No

1985

Super Cockpit

US Air Force

Flight sim with head, eye,
speech, and hand input

No

$2 per view

1989

Power Glove

Nintendo

Affordable finger tracking

Yes

$150

1991

CAVE System

U of Illinois CEVL

Roomscale tracking and AR

No

~$200,000

1991

Virtuality VR Arcades

Virtuality Group

Widespread networked VR games

Yes

$10 per play

1991

Ceiling Head-Tracker

UNC Chapel Hill

Roomscale head tracking

No

1993

Sega VR

Sega

Wide-FOV HMD

No

1994

CyberMaxx

VictorMaxx

3DOF yaw and pitch tracking

Yes

$1,160

1995

Virtual Boy

Nintendo

Affordable VR HMD

Yes

$290

1995

i-glasses

Virtual IO

AR 80” screen, 5’ away

Yes

$1,285

1995

VFX1

Forte

Worked with Windows,
controlled games and PC

Yes

$1,600

1996

Glasstron

Sony

AR 52” screen, 6’ away

Yes

$1,405

1997

Scuba VR

Philips

Improvement on Forte VFX1

Yes

$610

1998

VFX3D

IIS (formerly Forte)

Full 3D head tracking

Yes

2003

EyeToy

Sony

Motion control without input device

Yes

$65

2005

Z800 3DVisor

eMagin

Incremental improvements

Yes

$1130

2006

Wii

Nintendo

Widespread motion controls

Yes

$305

2009

Playstation Move

Sony

Optical 6DOF motion controls

Yes

$115

Yes

$150

Yes

$110

2010

Xbox Kinect

Microsoft

Human skeletal tracking
with no input device

2013

Leap Motion

Leap Motion

Hand tracking without gloves
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Chart of XR Devices (continued)
DATE

HARDWARE

CREATOR(S)

INNOVATION(S)

PUBLIC? PRICE 1

2013

Rift DK1

Oculus VR

Affordable PC VR HMD with
full optical tracking

No

$300

2014

Oculus Rift DK2

Facebook

Incremental improvements

No

$350

Yes

~$5–$25

2014

Cardboard

Google

Budget stereoscopic viewer for
the masses using phones

2014

Gear VR

Samsung

Incremental improvement over Cardboard

Yes

$50

2015

OSVR HDK 1

Razer

Open-source VR headset

No

$300

Yes

$800

2016

Vive

HTC

Large area tracking with motion controls
and modular build supporting add-ons.

2016

Oculus Rift CV1

Facebook

Similar feature-set to Vive, without
roomscale capability

Yes

$600

2016

Oculus Touch

Facebook

Adds hand interactions, bringing Rift
on par with Vive in smaller spaces

Yes

$150

2016

Daydream

Google

Incremental improvement on Cardboard and
Gear VR; include a 3DOF motion control

Yes

$80

2016

Playstation VR

Sony

Less capable but cheaper version of Rift;
PS Move controllers as optional input

Yes

$400

2016

Hololens

Microsoft

True interactive (speech and gesture) AR,
no PC necessary, inside-out tracking

No

$3,000

2016

OSVR HDK 2

Razer

Incremental improvement on OSVR HDK 1

Yes

$400

2017

Windows MR Headsets

Acer, Asus, Dell,
HP, Lenovo

Line of standardized PC VR headsets
with inside-out tracking

Yes

$300–$500

2017

Windows MR Controllers Microsoft

Hand controllers tracked by headset

Yes

$100

Vive Pro

Increased resolution, stereoscopic passthrough cameras, larger tracked area

Yes

$800

2018

1. Price refers to the original
price when released, adjusted for inflation as of 2017.

HTC

149

150

LAYERED SPACE

