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Announcements
Quiz after lecture today — pencils!
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Previously
AI vs. IA
Direct manipulation vs. Agents
Mixed-initiative interaction
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Human and machine should 
collaborate, but over what 
substrate?
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Agency plus Automation

[Heer 2019]
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[Shared representation]
A medium that both human and machine 
can read, write, and modify
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Autocorrect



User intention — The user wants to spell a word correctly
User input — The user has typed a word that might contain typos
Machine output — The machine suggests the correct spelling
Shared representation — The word typed by the user
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Autocorrect



Designing

shared representation
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1. The shared representation can directly be in the same format as 
the user input and machine output
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ShadowDraw

[Lee 2011]



10

Image Analogies

[Hertzmann 2001]

User input Machine output



Designing

shared representation
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1. The shared representation can directly be in the same format as 
the user input and machine output



What if the input and the 
output are not in the same 
format?
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Data Wrangler

[Heer 2019]

User input
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Data Wrangler

[Heer 2019]

Machine output
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Data Wrangler

[Heer 2019]

User intention — The user wants to transform data
User input — Data frame + selection
Machine output — The machine suggests potential 
transformations
Shared representation — A DSL of data transformations



Designing

shared representation
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1. The shared representation can directly be in the same format as 
the user input and the machine output
2. The shared representation can be an intermediate layer between 
the user input and the machine output when 1. is not feasible



“three dogs in the image”



“three dogs in the image”

Is this what I asked for?



“three dogs in the image”

VPEval

[Cho 2023]



“three dogs in the image”

VPEval

[Cho 2023]
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Program as

shared representation
Encodes action space — Common set of actions a user can 
perform and the machine can search over
User understandable and editable — User can look at the 
program to reason about the output
Machine executable — Unambiguous, formal, directly executable
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ViperGPT

[Menon 2023]



ViperGPT

[Menon 2023]
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ViperGPT

[Menon 2023]
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Image as program

[Holland 2018, Medium]

https://medium.com/free-code-camp/things-you-need-to-know-about-working-with-svg-in-vs-code-63be593444dd
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Animation as program

[Gannon 2017, CodePen]
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LogoMotion

[Liu 2025]
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Formal representation of

natural language
Natural language is ambiguous, underspecified, and hard for 
machines to reason over directly.
Long-standing approach in linguistics and AI: represent meaning as 
logical expressions with variables, predicates, and quantifiers.
"A red ball is on the table." → ∃x. ball(x) ∧ red(x) ∧ on(x, table)



29

Instructions to Actions

[Artzi and Zettlemoyer 2013]
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Instructions to Actions

[Artzi and Zettlemoyer 2013]
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MoVer

[Ma and Agrawala 2025]

The orange circle translates 
above the rectangular shape. 
In the meantime, the letter H 
rotates 90 degrees clockwise.

LLM
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MoVer

[Ma and Agrawala 2025]

while(m1,m2)

m2 = ιm.type(m,"rot")∧agt(m,o3)∧dir(m,"cw")∧mag(m,90)
m1 = ιm.type(m,"trn")∧agt(m,o1)∧post(m,top(o1,o2))

o3 = ιo.id(o,"H")

o1 = ιo.clr(o,"orange")∧shp(o,"circle")
o2 = ιo.shp(o,"rectangle")

LLMThe orange circle translates 
above the rectangular shape. 
In the meantime, the letter H 
rotates 90 degrees clockwise.
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MoVer

[Ma and Agrawala 2025]

while(m1,m2)

LLMThe orange circle translates 
above the rectangular shape. 
In the meantime, the letter H 
rotates 90 degrees clockwise.

T
T
T

T
F

F

MoVer
Execution Engine

m2 = ιm.type(m,"rot")∧agt(m,o3)∧dir(m,"cw")∧mag(m,90)
m1 = ιm.type(m,"trn")∧agt(m,o1)∧post(m,top(o1,o2))

o3 = ιo.id(o,"H")

o1 = ιo.clr(o,"orange")∧shp(o,"circle")
o2 = ιo.shp(o,"rectangle")
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MoVer

[Ma and Agrawala 2025]

while(m1,m2)

LLMThe orange circle translates 
above the rectangular shape. 
In the meantime, the letter H 
rotates 90 degrees clockwise.

T
T
T

T
F

F

MoVer
Execution Engine

m2 = ιm.type(m,"rot")∧agt(m,o3)∧dir(m,"cw")∧mag(m,90)
m1 = ιm.type(m,"trn")∧agt(m,o1)∧post(m,top(o1,o2))

o3 = ιo.id(o,"H")

o1 = ιo.clr(o,"orange")∧shp(o,"circle")
o2 = ιo.shp(o,"rectangle")
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MoVer

[Ma and Agrawala 2025]

while(m1,m2)

LLMThe orange circle translates 
above the rectangular shape. 
In the meantime, the letter H 
rotates 90 degrees clockwise.

m2 = ιm.type(m,"rot")∧agt(m,o3)∧dir(m,"cw")∧mag(m,90)
m1 = ιm.type(m,"trn")∧agt(m,o1)∧post(m,top(o1,o2))

o3 = ιo.id(o,"H")

o1 = ιo.clr(o,"orange")∧shp(o,"circle")
o2 = ιo.shp(o,"rectangle")
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shared representation

36

1. The shared representation can directly be in the same format as 
the user input and the machine output
2. The shared representation can be an intermediate layer between 
the user input and the machine output when 1. is not feasible



How can we help humans 
to more efficiently interpret 
these intermediate layers?
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Sketch-n-Sketch

[Hempel 2019]
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Sketch-n-Sketch

[Hempel 2019]



Designing

shared representation

40

1. The shared representation can directly be in the same format as 
the user input and the machine output.
2. The shared representation can be an intermediate layer between 
the user input and the machine output when 1. is not feasible.
3. The shared representation can be designed to improve 
readability for the user while maintaining interpretability for the 
machine.
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DynaVis

[Vaithilingam 2024]
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DynaVis

[Vaithilingam 2024]
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VibeAnimation

[Ma 2026]



44

VibeAnimation

[Ma 2026]
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VibeAnimation

[Ma 2026]



Summary
1. The shared representation can directly be in the same format as 
the user input and the machine output.
2. The shared representation can be an intermediate layer between 
the user input and the machine output when 1. is not feasible.
    - Programs are often being used as the intermediate layer
3. The shared representation can be designed to improve 
readability for the user while maintaining interpretability for the 
machine.
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