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 Our understanding of the reality we exist in is largely based on two of the most important 

human perceptual systems—the visual and the haptic. It is common for us to believe in the existence 

of an object as we see it and feel it. How can the physical space help or mislead us in understanding 

the entirety of reality, and what role does our senses and perception play in this process? I believe that 

by separating our two perceptual systems, our minds are able to create different versions of the reality 

we’re in. Inspired by the short story “School of Constructed Realities” by Dunne & Raby, I adapted the 

taxonomy of two pairs of opposites — “real” and “unreal”, “reality” and “unreality” — as labels for 

a matrix of worlds. This thesis project is an exploration on new ways of interfacing with said world.

 Through manipulating the presence of visual and haptic perceptual inputs, my installation 

aims to establish a stage that blurs the boundary between the real and the unreal. Featuring a see-

through two way mirror and digital display as the perceived dividers between the tangible world and 

the reality behind it, this device presents different worlds simultaneously through optical illusion. As 

a portal that connects the a matrix of realities, this installation challenges the audience’s method of 

perception through the construction of objective mental images, and inspires the audiences to leave 

on a quest to find new opportunities to access these realities.

ABSTRACT
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INTRODUCTION
impetus

 I am a design maker who works through the language of space. I 

have always invested my time and energy in trying to create something that 

is tangible and beautiful at the same time. It is important that my work 

bridges different disciplines, I strive to use technology not only as a tool but 

also incorporate it into my ideation process. I strive to create art pieces in 

which technology would be constructive yet not intrusive, and thus give the 

audiences an opportunity to appreciate the content of the pieces.

 Space and how people move in relationship to space are the main 

focuses of my work. I try to see not only the structure, but also the volume 

that is created in between. I found it interesting to take note of not only 

the positive shapes, but also the negatives — they are equally important. 

I believe that our understanding of the environment is constructed of both 

what we can perceive and the lack there of.

 I think of the way we interact with the world as the process of 

“perceiving, reacting, and constructing”. How can the physical space help 

or mislead us on understanding the entirety of reality, and what role does 

our senses and perception play in this process? What are the limitations to 

our senses? As technology advances, we seem to see the world in a more 

precise manner than we did before, and I wonder if that means we are 

getting closer to reality.

 More than three decades ago, artists and philosophers like 

Jean Baudrillard had started the discussion around the concept of a 

Hyper Reality, one in which one is unable to distinguish reality from a 

simulation. They explored a blurred line between the physical world and 

the reality that our mind let us see. This conversation is carried on with the 

development and recent advancement of VR, AR and MR technologies. As 

the experimental film Hyper Reality by Keiichi Matsuda depicted, we cannot 

help but ask the question: what would happen to a world, where you no 

longer know if you’re experiencing the physical or simply the metaphysical? 

To that note, I hope this project Boundless can be a part of a bigger 

discussion around the definition and boundaries of our realities. 

fig.1 Hyper Reality, Keiichi Matsuda
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INTRODUCTION
design question

 How is any perceived inputs translated into a mental image? To 

what extend can that constructed image be accurate in context of the 

physical reality? While deciphering different types of perceptual inputs from 

the same environment, how different can our mental images be?

 “Boundless” presents instances where what you see cannot 

be experienced with the haptic perceptual system, and what you feel 

are in contradiction with what your eyes show you. The phantom limb 

phenomenon and its related experiments studies the same domain. In 

the experiment “Synesthesia in the normal limb” conducted by Mark 

Mon-Williams, the results suggests that as those two perceptual systems 

contradict each other, we tend to believe in what we see. Could the same 

conclusion be made in these instances in “Boundless”, that visual comes 

first? On the other hand, Oliver Sacks presents case studies in The Mind’s 

Eye where people’s visual perceptual ability has been compromised, and 

studies their visual imagination and methods of communication:

“Sacks explores some of the most fundamental facets of human 

experience–how we see in three dimensions, how we represent 

the world internally when our eyes are closed, and the remarkable, 

unpredictable ways that our brains find new ways of perceiving that 

create worlds as complete and rich as the no-longer-visible world.”

 If we are not able to determine whether one perceptual system 

overpowers the other, I find it interesting to study how Augmented Reality 

may further complicates our understanding, as we begin to combine 

the two perceptual systems. The simultaneous presence of both visual 

cues and tangible physical environments. At the University of Cambridge, 

Zhen Bai conducted a usability research on how people develop mental 

representation in their childhood. In the paper “Can we augment reality 

with “mental images” to elicit pretend play?” they discussed the parallel 

between pretend play and Augmented Reality and its application on 

assisting children with autism. The act of overlaying imaginary “mental 

images” over a physical environment is critical to my search in creating a 

dissonance in the perceivable and the physical.

 Why do we need to know? Does it matter if we can’t tell reality 

from our mental images? As some may argue, according to The Simulation 

Hypothesis, we are all living in a virtual construct where the laws of physics 

is not discovered but defined, and our knowledge of the world is simply 

what we needed to know of. This installation does not answer which reality 

is more real than the others, but regards each variation equally, and seeks 

to compare and contrast them through creating a portal to access all 

realities simultaneously. 
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INTRODUCTION
concept

Real reality

Uneal reality

Real unreality

Unreal unreality

 The juxtoposition of our visual and haptic perception 

create different versions of reality for us. “Boundless” is a sculptural 

installation composed of a rotating digital display and a see- 

through two way mirror, creating a matrix of real and unreal worlds 

which are represented through algorithmic simulations and optical 

illusion. This project experiments with the boundaries between the 

reality we see and reality we feel, and act as a portal to interface 

with these alternative realities.

 Inspired by the short story “School of Constructed Realities” 

by Dunne & Raby, I created my own taxonomy to describe this 

matrix of realities created as a result of combing the two perceptual 

systems. Within this system, all four variations of the world are 

constructed from mental images by the audiences; the terms —

real and unreal — are only describing the extent of reliability of our 

perceptual system, but not the actuality of these worlds, as they are 

equally constructs of our mental images.

The immediate open physical space in 
front of the audience, where both the 
visual perception and haptic sensation 
are unobstructed.

The enclosed space beneath the mirror, where 
rotational handles are. Audience have haptic control 
over this quadrant, but the visual perception is 
affected by the see-through two way mirror.

The perceived space behind the display, above the 
mirror plane. Visual perception of the display is 
direct, however the audience cannot perceive the 
digital space with their haptic sense.

The perceived digital space, beneath the mirror 
plane. This is the most inaccessible plane by our 
perception, neither visually or haptically available.

fig.2
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INTRODUCTION
audience

Audience Groups

 I have developed this project with three groups of people in 

mind as my potential audiences. The first group of audiences is your 

average museum and gallery goers. They are interested in art and 

culture on a casual level, and would appreciate seeing art of all forms 

as they do not invest their time into researching and reading about 

the art world. They would be intrigued by new media art, but would 

not necessarily recognize the technology it employs until that medium 

has received considerable recognition (like VR). They sometimes see 

the value of new media art in the way it’s presentable in the context of 

social media.

 The second group of people are new media artists and art 

enthusiasts. They have either read about or worked extensively on new 

media art. They are familiar with the industry standards and would 

have no problem relating what they see to other creative technology 

projects. They have the ability to speculate, if not instantly recognize, the 

technology that is involved in the making of this installation. They are 

familiar with the use of Kinect, Leap Motion, Arduino and other software 

and hardwares, and will recognize demo creative coding patterns. They 

will not be solely impressed by the technicality, and they seek to evaluate 

and challenge the concept and how it fits the delivery of the project.

 The final group is of tangential interests to the installation. They 

are namely museum curators and grant makers, who are interested in 

showing or funding new media artwork similar to this project. They are 

greatly familiar with different forms of interactive installation artwork 

and new media. They will be my potential collaborators/employers.

Audience Journey

 There are three main stages to experiencing this project: 

Spectating —> Viewing —> Examining. The first stage is observation 

from afar. At this stage, the audience would notice the device and its 

display, and can see how others are interacting with it. They can see 

that there is a main display, and may notice that there is a secondary 

reflective surface parallel to ground. As they begin to get interested in 

the installation, the second stage is observation in close distance, yet 

without a specific task. The audience is now directly interacting with the 

device, they are touching the device and feeling the physical controls 

on it. They are viewing the simulation, and trying to rotate the device 

with the handles. The final stage is observation specifically with regards 

to the dual imagery effect. The audience would closely examine the 

intersection of the mirror and display, and begin to notice the difference 

between the two worlds.
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INTRODUCTION
audience

Scenarios

  In a new media show, where many other new media 

artwork will be also displayed. It would be apparent from the nature 

of the event that this project invites participation and interaction. As 

prompted by other works around, the audiences may be interested in 

learning about the technology that is involved in the work. It would 

feel natural for the audiences to approach the project and take part in 

it, making some audience the subject of the show while some others 

the spectators, and vice versa as they switch positions. A high level of 

engagement will make it easier to convey the concept. I have gathered 

a list of the events and conferences where I could potentially apply 

to showcase my work. They all share a focus in showcasing digital, 

new media artwork. Events including the NYC Media Lab are oriented 

around student work from university and institutions, while others such 

as SIGGRAPH and Ars Electronica are created around practicing artists. 

Overseas opportunities include ARTECH and Reasons to:. 

 As a long-term public art installation, in a urban park or grand 

indoor lobby. The project will engage people who would like to take 

a break during their daily routine and stop to observe this unfamiliar 

installation. The audience would not necessarily feel inclined to engage 

with the artwork, but more likely to take on the role of a spectator. For 

them, the default state and the aesthetic of the installation is important. 

If the audience work or live nearby, they may engage with the 

installation multiple times and gradually develop their understanding 

of the project. There would be no description accompanying the 

installation, making it open for speculation and even change of opinions 

as time passes.
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RESEARCH
domains

perceptual systems

mental images

construction of reality

 My research addresses questions around the construction of reality. 

From my research, I aim to find ways to interfere with the human mind and 

understand the process of constructing a manipulated reality.

The two domains I am studying are the human perceptual systems, and 

mental images. A perceptual system exists to make inferences about 

properties of a physical environment based on input from sensory organs. 

I will be specifically focusing on the visual perceptual system—how we 

assimilate our surrounding through vision, and the haptic perceptual 

system— how we use tactile sensibility to understand the world through 

our bodies (Gibson, J.J.,1966). With the inputs we gather from these two 

systems, we are able to formulate a representation in our mind of the 

physical world around us.

 How could I use the human visual perceptual system to effect the 

haptic system, and vice versa? I begin to look at projects that explore the 

capabilities—or limitations— of human perception, for example “inFORM” 

from MIT Media Lab. They tease the concept that the human visual 

perception system and the haptic perception system are not dependent 

on each other. Through either system, we are capable of taking one type 

of input and mentally complete the reality. In order to gain a deeper 

understanding of the perceptual systems from a scientific standpoint, the 

phantom limb sensation and related therapy serve as a great example of 

how the visual perception could physiologically affect our haptic perception.

 I also examined artworks that serves to blur the line between the 

virtual and actual environments. The following artworks are divided into 

two sections, regarding inputs to either perceptual system.

fig.3 inFORM, MIT Media Lab
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RESEARCH
precedents

Visual-first realities

 “Sandbox” is a project that engages humans on three drastically 

different scales and challenges the term “context”. It introduces interactivity 

among different groups of people who are individually participating in this 

experience, making it highly interactive and powerful. By recreating the 

visuals of a real environment in a simulated fashion and scale, the work 

challenges its audience to reconsider their reality and its relative nature.

What I aimed to take away from this project is 

also its use of an immersive scene, a physical 

environment that is established to be a part of a 

portal that connects us with another reality. As the 

audiences leave the site and re-enter their daily life, 

they will again have the opportunity to encounter 

similar scenes and reminded of this experience 

with a recreation of their mental images.

 “The Manual Input Sessions” by Golan Levin and Zach Lieberman 

serves as a great example of using disconnected visual and haptic signals 

to create a connection between the physical world and a simulated 

world. Through live performance, the installation explores the expressive 

possibilities of hand gestures and finger movements. In this artwork, “the 

synthetic responses are co-projected over the organic, analog shadows, 

resulting in an almost magical form of augmented-reality shadow play.” 

A combination of synthetic graphics, analog and digital projections and 

audio cues work together to create an intentionally ambiguous distinction 

between the real and the intangible. This approach can also be seen in 

“Grasp Pendulum” by ART+COM, in which a realistic simulation strengthens 

the connection between the two worlds. Although not performative, the 

simplistic and intuitive nature of the presented gestures make the work 

greatly approachable and easy to resonate with. 

fig.4 Sandbox,
        Rafael Lozano-Hemmer

fig.5 Grasp Pendulum, ART+COM fig.6 The Manual Input Sessions, 
Golan Levin + Zach Lieberman 
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RESEARCH
precedents

Haptic-first realities

 Two projects done by MFADT alumni Eric Jiang MFADT ’15 and Danli 

Hu ’17 explores the absence of the visual perceptual system. They share 

an interest in creating a virtual interface where audiences are interacting 

with an “intangible subject”. In the thesis project “Path”, Eric Jiang talks 

about the concept of an “auralized landscape”. It discusses the relationship 

between our environment and our senses and how technology facilitates 

our perception. The audience’s raking motion would trigger audio of the 

chanting of monks. Through interacting with a virtual sand garden, the 

audience can curate and use sound to visualize their own version of a zen 

garden - their own reality. In “Touching the void”, Danli Hu also augments 

the presences of the physical touch by creating a virtual object without any 

physical agency. Both project tried to limit the sensory input and prove that 

we are capable of using one perceptual system to inform the other. The 

reference to these projects led to my design of the four separate quadrants 

which each presents limitations to one or more senses.

fig.7 Path, Eric Jiang

fig.8 Touching the Void, Danli Hu
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RESEARCH
precedents

aesthetic references

 The project “Stations” by is a strong influence on the my design 

of the form. In this project, there are two main components: a vertical 

display screen and a floor mirror. The display is constant and the primary 

component, but the experience is drastically enhanced because of the floor 

mirror—it provides an evolving journey as the audiences moves around 

the installation, one that the audiences have a level of control over. I have 

adapted the format to suit my smaller display, giving my audience agency 

thorough the rotation of the screen. The reflective nature or mirrors can be 

seen as a way to create portals and connections between us, the world we 

live in, and other versions of us in other worlds. This is seen in “Pentagonal 

Mirror Tunnel” by Olafur Eliasson, in which the agency of the audience is 

an essential component in the experience. As they walk around the scene, 

they are simultaneously creating multiple perspectives of viewing the world 

through. To further implement the concept of recognizing a separate world 

as “the virtual”, I referenced creative coding artists such as Shohei Fujimoto 

and his animations. His work features a grid system with particles traveling 

along the gridlines, which can be seen as a symbolic representation for a 

simulation of the physical construct.

fig.10 Shohei Fujimoto

fig.9 Stations, Bill Viola fig.11 Pentagonal Mirror Tunnel, Olafur Eliasson
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METHODOLOGY Prototype 1

 In these first iterations, I’m studying how people translate 

immediate sensory inputs and use the result to mentally construct an 

environment around them. I bring my users into a room and provide 

a series of auditory and haptic inputs, and afterwards ask them to 

visualize the environment they were in. These testing sessions served 

a very important role in the concept development of the project. 

The sketches my participants made are drastically different from the 

physical setup, for example, the chairs are drawn in completely opposite 

directions. It provides an example of an independent reality that was 

created out of our mental images.

Prototype 2

 The second prototype further tests interaction with disrupted 

visual perception. In this installation, I setup a waist-height platform 

where the testers can observe their hands only from the reflection in 

the mirror. As they trigger the Leapmotion sensor, their hands would 

“generate” simulated ripples which projects through the mirrors. The 

difficulties this prototype faced were that the interaction was plain 

and not engaging. As soon as the audience learnt the nature of this 

interaction, they could lose interest. This feedback loop presents a type 

of artwork I’d like to call “waving art”, where the audiences simple walk 

up to the work and wave in front of it, and leave without a take away. 

This prototype has inspired and required me to modify the format as 

well as the narrative of the simulation.

fig.12 Prototype 1a, post-test interview

fig.14 Leap motion

fig.13 Prototype 1b

fig.15 simulations
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METHODOLOGY Prototype 3

 In this prototype I changed two major components, firstly 

the simulation display is now projected on to paper, and secondly 

the projected surface is now parallel instead of perpendicular to the 

interaction surface. This ensures a more natural perception of the virtual 

space “behind the mirror”. This quick prototype tested the vertical 

physical form of the design, which carried to the next iteration. However, 

the interaction surface is not clearly defined and the placement of the 

Leap Motion sensor is still to be embedded subtly within the structure. 

The vellum tested to be a sufficient and sturdy surface for projection.

Prototype 4

 I presented this final version of my prototype at the Thesis 

Pop-Up Show. The installation consists of an interaction “playground” 

constructed with mirrors, a structural base which houses two projectors, 

and a cap which a Leapmotion is embedded in. The setup allows for 

two different entry points to physically interact with the prototype, and 

space for spectators to walk around and observe the simulation through 

the see-through mirrors. The simulations created in openFrameworks 

respond to the speed of movement of the audiences. During user-

tests, the gesture still felt less than intuitive, and the project is heavily 

dependent on additional explanation.
fig.18 Vertical form

fig.19 Interaction fig.20 Thesis Pop-Up Show

fig.16 lights-on fig.17 lights-off
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METHODOLOGY Prototype 5

 In the beginning of the second half of my thesis exploration, 

the formal approach of this project has drastically changed. Instead of a 

back-lit project, the main display is now digital. A see-through two way 

mirror is situated perpendicular to the display, dividing the display into 

two equal parts. The varied simulations are now overlapped on top of 

each other. I began testing visual effect of overlapping fading particles, 

to create naturalistic scenes such as rainfall.

Prototype 6

 The next important addition to this installation was a Lazy-

Susan turntable, connected to Arduino through a gear system 

embedded with a rotary encoder. I am therefore able to detect how 

much the screen is being turned, and translate the data into how much 

the virtual camera is turning in my digital scene. The interaction is 

intuitive and engaging, however this physical addition requires me to 

build a much more complex mechanism that ensures the safety and 

structural integrity of the installation.

fig.21 mirror perpendicular to surface

fig.24 rotation A

fig.25 rotation B

fig.22 smaller surface

fig.23 gear mechanism



18

METHODOLOGY Prototype 7

 In this prototype, I constructed a free standing podium to host 

the display, and an enclosure around the bottom half of the screen. The 

top half of the screen would display a rendered visual of the interior of 

a cubical space, as the bottom half would display its wireframe version, 

symbolizing the “unreality”. This version proved that a rectangular 

enclosure has too much volume and makes handling and rotating the 

display too difficult. In addition, as the large MDF plate supports the 

weight distribution of the monitor, it currently has too much overhang, 

which leads to tilting and wobbling of the top plate. The connection 

between the monitor and the plate is secured by four bolts.

fig.27 rectangular form

fig.28 dual imagery effect

fig.30 turntable mechanism elevation view

fig.26 scale and height

fig.29 mounting of the monitor
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METHODOLOGY Prototype 8

 I proceeded with a half-oval design for the bottom enclosure of 

the display, and manufactured more substantial support and improved 

the mechanism of the turntable. For example, the top MDF plate is now 

supported with transfer bearings to ensure a smooth movement with 

minimal tilting. The gear mechanism is secured in place to minimize the 

offset from rotational friction. Fig.31 shows a diagrammatic break down 

of the significant components in this fabrication.

fig.31 oval enclosure

fig.32 updated sensor mechanism fig.33 structural diagfram
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METHODOLOGY Final iteration

 I applied cosmetic finishes including covering the structure in 

black vinyl sheets, and enclosing the backside of the monitor. From afar, 

the structure should appear black and uniform, with the organic form 

of the simulation being the highlight that attracts the audience. HDMI, 

power, and Arduino-related wires are all routed through the inside of 

the podium so there is no cord exposed externally. The two handles are 

placed at 40” high, 11” apart from each other for optimized ease of 

use. They are partially covered by the oval enclosure, and will be come 

noticeable once the audiences are immediately in front of the display. 

In the simulation, there is a clear distinction between the top rendered 

walls and the bottom grid simulation. Crossing the boundaries between 

the two are morphing orb shapes, alternating back and forth between 

rendered and mesh frames.

fig.34 completed strcture

fig.36 vinyl cladding

fig.35 in scene

fig.37 morphing orbs
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EVALUATION Technical outlook

The turntable mechanism is functioning, but can be further improved. 

The rotation is relatively easy and the weight of the display is 

distributed evenly. The bearings also provide a subtle rolling sound 

which is soothing and contributes to the aesthetic of the project. 

However, the proportion of the top plate in relation to the podium 

makes the installation top heavy, and the audiences need to gently 

handle the installation within a small range of rotation. In order 

to achieve a full 360 degree rotation, and further implement the 

experience of exploring a multi-dimensional space, I would need 

to rewire with a slip ring. In addition, the simulation is running 

from a Mac Mini secured on the inside of the podium. During early 

conuctrustion phase I should have made an opening that features 

a hinged door mechanism, which would let me easily get to the 

hardware without affecting the overall aesthetics of the installation.

Aesthetic outlook

The use of mirror successfully overlays rendered imagery on top of 

its wireframes, creating moments of confusion and leaves room for 

imagination. The dual imagery effect could be developed more in its 

narrative, incorporation physical inputs from the rotation. For example, 

as the audience start to hold the right handle, the imagery in the lower 

quadrant would respond to the force or acceleration of the push, thus 

connecting the “unreal reality” and “unreal unreality”.

Conceptual outlook

This project takes the discussion around the idea of alternative realities 

and hyper realities, and looks for ways to communicate through a 

singular installation. The project is designed to exist as a stand-alone 

artwork that has an ambient presences in a public space, which allows 

for people to get familiarize with the work gradually, and reflect on its 

content. A monitor and a piece of mirror— these two common daily 

objects are symbolic representation of how we visually perceive another 

space and dimension. As the audience walk away with this experience, 

I hope they see possibilities in these daily objects that are previously 

unimaginable. Joining the conversation around boundaries of realities, 

this project should bring inspiration and opportunities for people to 

discover instances in their life that may connect them to alternative 

versions of our reality.
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APPENDIX Documentation

Project documentation: krisliqc.com/boundless

Thesis process blog: krisliqc.com/thesis

Project mid-point video: vimeo.com/248058766 


