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What is a Physical Story?

Karine Giboulo’s exhibit (Housewarming, 2022) 
Gardiner Museum in Toronto, ON, Canada. 
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Stories in still images

photo, story by Lola
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Stories in moving images

photo, story by Lola
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Stories in moving sculptures

photo, story by Lola

7
Abstract Film (Heider-Simmel Animation, 1944)

Amusement park ride (Symbolica, 
Efteling, 2017)
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Why do we tell stories?

Paul teaching Grade 6 students 
about animatronics
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Why do we tell stories?

Paul teaching Grade 6 students 
about animatronics

Documentary film (Shiny Happy 
People, 2023)
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Why do we tell stories?

Stand up comedy (Sabrina Wu 
on Verified Stand-up, 2023)
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Why do we tell stories?

Stand up comedy (Sabrina Wu 
on Verified Stand-up, 2023) My friend Sarah excited to meet Stitch at Disney World
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Why do we tell stories?

CBC show about a non-binary 
character (Sort Of, 2021)
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Why do we tell stories?

Grade 6 student showing her Grade 2 
friend the story she wroteCBC show about a non-binary 

character (Sort Of, 2021)
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Why do we tell physical stories?
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How can physical storytelling 
be improved by enhancing

and animatronics?

floating sculptures, 
zoetropes, 
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floating sculptures? 

How can physical storytelling 
be improved by enhancing
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Floating Sculptures
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Why?
Set of “2001: A Space Odyssey”
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This isn’t so easy.
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Floating Sculptures Research Goals
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Floating Sculptures Research Goals

1. Provide a method of generating supports hidden from the viewer so that 
unsightly supports don’t distract from the story which also satisfy force 
and torque balance constraints

2.  Validate our method via constructing examples of wire and rod 
structures in real life

Levitating Rigid Objects with Hidden Rods and Wires 
Kushner, Ulinski, Singh, Levin, Jacobson 
Eurographics 2021
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What we want:

1. Hold rigid objects in place under a force (usually gravity) 
2.  Hide supporting rods from viewpoints

?

Expected view
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1. Hold rigid objects in place under a force

How?

?
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Select edges from graph to become rods
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Are the rods structurally sound?

PLQ
Õ
✓808

<latexit sha1_base64="oHDtd0iRNqKDY/dDFcRNmiiQQBw="></latexit>

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

Minimize the total rod volume:

Subject to:        ≥ 0
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Are the rods structurally sound?

PLQ
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✓808

<latexit sha1_base64="oHDtd0iRNqKDY/dDFcRNmiiQQBw="></latexit>

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

total force = -applied force

Minimize the total rod volume:

Subject to:        ≥ 0
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The rods must not break

PLQ
Õ
✓808

<latexit sha1_base64="oHDtd0iRNqKDY/dDFcRNmiiQQBw="></latexit>

force of each rod ≤ max 

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

total force = -applied force

Subject to:        ≥ 0
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Minimize the total rod volume:



We need force + torque balance

PLQ
Õ
✓808

<latexit sha1_base64="oHDtd0iRNqKDY/dDFcRNmiiQQBw="></latexit>

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

internal torque = 0
force of each rod ≤ max 

total force = -applied force

Subject to:        ≥ 0

24
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We need force + torque balance

PLQ
Õ
✓808

<latexit sha1_base64="oHDtd0iRNqKDY/dDFcRNmiiQQBw="></latexit>

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

internal torque = 0
force of each rod ≤ max 

total force = -applied force

Subject to:        ≥ 0

24

Minimize the total rod volume:



1. Hold rigid objects in place

Physical constraints work, but the supports are visible

Expected view
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We want invisible supports

1. Hold rigid objects in place 
2.  Hide supporting rods from viewpoints

Expected view
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Our formulation

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

PLQ
Õ
✓808 + YLV8

<latexit sha1_base64="Eg8M7mWlJFaZUQ9eK3BOpJGugJc="></latexit>

internal torque = 0
force of each rod ≤ max 

total force = -applied force

Minimize the total rod volume 
and visibility:

Subject to:        ≥ 0
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Our formulation

08

<latexit sha1_base64="amR4W93j3RMPxpb1HDXP6097Dbk="></latexit>

PLQ
Õ
✓808 + YLV8

<latexit sha1_base64="Eg8M7mWlJFaZUQ9eK3BOpJGugJc="></latexit>

internal torque = 0
force of each rod ≤ max 

total force = -applied force

Minimize the total rod volume 
and visibility:

Subject to:        ≥ 0
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Visibility term computation

edges coloured by visibility
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Visibility term computation

edges coloured by visibility
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Visibility term achieves our main goals
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Assembled Spooky Decoration
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Assembled Spooky Decoration
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Assembled Spooky Decoration
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Rocket Ship Room Decoration
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Rocket Ship Room Decoration
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Seagull - Wires only 

Model from Poly by Google under CC-BY 3.0
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Counting Sheep
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Assembled Wires + Rods
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Assembled Wires + Rods
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Zoetrope Example
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Zoetrope Example

36



Floating Sculpture Results
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the illusion of levitation by:
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Floating Sculpture Results

Enhanced physical stories that have floating components by preserving 
the illusion of levitation by:

1. Devising a concise and efficient linear program that extracts a set of 
supporting rods and wires to hold up objects 

2. Demonstrating that the optimization directly translates to real world 
examples, validating this method through fabrication
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and animatronics?

floating sculptures, 
zoetropes, 

How can physical storytelling 
be improved by enhancing
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zoetropes? 

How can physical storytelling 
be improved by enhancing
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Zoetropes
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What are zoetropes?
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What are zoetropes?

viewing slits
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What are zoetropes?

3D zoetropes are not new, this one was made in 1887! 🦅

3D Zoetrope (Étienne-Jules Marey, 1887)
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What are zoetropes?

Zoetropes now use strobe lights to create apparent motion.

Feral Fount (Gregory Barsamian, 1996)
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Limitations of Zoetropes
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1. Stories in this format are short and periodic, constrained by the physical 
nature of a zoetrope

2. Watching a zoetrope is a passive storytelling experience

Limitations of Zoetropes

Interactive 3D Zoetrope with a Strobing Flashlight 
Kushner, Dietz, Jacobson 
UIST Demos 2022
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1. Stories in this format are short and periodic, constrained by the physical 
nature of a zoetrope

2. Watching a zoetrope is a passive storytelling experience

Limitations of Zoetropes
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How can we create a more compelling story?
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How can we create a more compelling story?

what is she thinking?

Who is this girl and what is her life like in this moment?

who is calling her?

why doesn’t she answer the phone?

what music is she listening to?

who lives in the buildings back there?
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Who is this girl and what is her life like in this moment?
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Who is this girl and what is her life like in this moment?

Can we answer those questions using audio? 46



Zoetropes Research Goals
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immersive experience…
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Zoetropes Research Goals

1. Augment zoetropes so that more complex stories can be told
2. Reveal hidden elements in a scene to engage the viewer in a more 

immersive experience…
using interactive audio components

47



How?
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Control loop

Action Object: girl
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Control loop
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City girl animation
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City girl animation

Action Object: cars
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Action Object: girl

50



City girl animation
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City girl animation

Action Object: cell_phone
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City girl animation
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City girl animation

Action Object: parents
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City girl animation
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Zoetrope Results

We designed a device and method that enriches zoetrope stories by:

1. Letting the viewer explore the scene with a strobing flashlight

2. Triggering audio when the viewer looks at action objects

3. Allowing multiple versions of the story to be told
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and animatronics?

floating sculptures, 
zoetropes, 

How can physical storytelling 
be improved by enhancing
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animatronics?

How can physical storytelling 
be improved by enhancing
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Animatronics
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What are animatronics?

Great Moments with 
Mr. Lincoln, 1964

Jordan’s Furniture Store Pirates of the Caribbean, Disney World

Chuck E. Cheese
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What are animatronics?

Great Moments with 
Mr. Lincoln, 1964

Jordan’s Furniture Store Pirates of the Caribbean, Disney World

Chuck E. Cheese

Papertronic Puppets: Teaching STEM and 
Storytelling Through Creative Construction 
Kushner, Kanji, Dietz, Wigdor 
IEEE Frontiers in Education 2024
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Animatronics Research Goals

Make the art and science of animatronics more accessible to non-experts 
such as children and teachers with no technical experience by:

1. Creating an affordable yet versatile animatronics kit
2. Running workshops that teach K-12 students STEM skills while doing 

creative tasks

56



Animatronics Kit
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Animatronics Kit
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Creativity + STEM 
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Mentoring

Grade 2 makeup brush swinging
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Mentoring

Grade 6 axe swinging

Grade 2 makeup brush swinging
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Kit + Classroom Evaluation
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Animatronics Results

62



We introduced a paper animatronics kit and I tested it in a variety of 
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We introduced a paper animatronics kit and I tested it in a variety of 
classroom settings, leading us to several findings:

1. Combining STEM with creative tasks engages students
2. Tradeoff between difficulty and teacher’s constraints
3. Mentoring in animatronics tasks benefits mentors and mentees 
4.Kit allowed students to create paper animatronic puppets and can 

be improved

Animatronics Results
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Conclusion
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Physical storytelling in 3 mediums

Floating Sculptures
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Physical storytelling in 3 mediums

Floating Sculptures Zoetropes Animatronics
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Physical storytelling in 3 mediums

Floating Sculptures Zoetropes Animatronics
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