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Attendance Checkin
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Common Ground

8

Mutual knowledge, 
beliefs, and 
suppositions held 

by participants in 

a conversation.

Exciting slide 
deck!!! User wants 

slides

:(
Plain slides

User

Common Ground

LLM

Stalnaker, R. (2002). Common ground

Clark, H. H., & Brennan, S. E. (1991). Grounding in Communication



The Grounding Gap
the onus of building grounding falls on the user

9Shaikh et al. 2024 - Grounding Gaps



User’s 

context

LLM’s 

context

Text Prompt

Create a presentation about 
human-LLM grounding. 

The Grounding Gap
the onus of building grounding falls on the user

Shaikh et al. 2024 - Grounding Gaps 10



knows you well 
enough to do 
the right thing 
at the right time

Our visions of HCI rely on a 
general understanding of us
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knows you well 
enough to do 
the right thing 
at the right time

Assistant that knows what lecture you’re 
preparing for, looks through personal data for 
a relevant research paper

Knowledge Navigator

Apple

Apple Computer, Inc. Knowledge Navigator [Concept video]. Apple Computer.

Our visions of HCI rely on a 
general understanding of us
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Knowledge 
Navigator
1987 (~40 yrs ago!) Before:


 Graphical web

 Touch interfaces

 Deep Research



We still don’t have:

→ proactive assistants

→ a general context of us
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Knowledge 
Navigator
1987 (~40 yrs ago!) Before:


 Graphical web

 Touch interfaces

 Deep Research



We still don’t have:

→ proactive assistants

→ a general context of us



“You have a lecture today.”

“Get me notes from last term”

“Journal articles only?”

“Papers from your friend Jil?”
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Alarm clock that knows when its user is 
about to wake; coffee machine that knows 
the kind of coffee the user wants

A Computer for the 21st Century

Weiser, 1999

knows you well 
enough to do 
the right thing 
at the right time

Assistant that knows what lecture you’re 
preparing for, looks through personal data for 
a relevant research paper

Knowledge Navigator

Apple, 1987

Weiser, M. (1991). The computer for the 21st century. Scientific American, 265(3), 94–104.

Our visions of HCI rely on a 
general understanding of us

16
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My work measures and bridges 
the “grounding gap”



My work measures and bridges 
the “grounding gap”

and we’ll go through some 
progressively more fun 
interactions :D

21



Measurement

Grounding Gaps + just clarify?

Interaction

General User Models
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Measurement

Grounding Gaps + just clarify?

Interaction

General User Models
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Navigating Rifts in 
Human-LLM Grounding

Omar 

Shaikh
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Gagan
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background
Grounding Acts

How do we measure grounding in dialogue?

9



background
Grounding Acts

Actions that serve as a proxy for grounding progress

25



background
Grounding Acts

Actions that serve as a proxy for grounding progress

Advance

acknowledge or 

advance grounding

“Good enough. 
Can you add a 

thank you slide?”
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background
Grounding Acts

Actions that serve as a proxy for grounding progress

Advance

acknowledge or 

advance grounding

Address

Explicitly repairing 
grounding failure

“That was awful. I 
want something 
more exciting.”

“Good enough. 
Can you add a 

thank you slide?”

11



background
Grounding Acts

Advance

acknowledge or 

advance grounding

Disambiguate

Clarifying grounding 

with another participant

Address

Explicitly repairing 
grounding failure

“Do you need 
anything else before 
making my slides?”

“That was awful. I 
want something 
more exciting.”

“Good enough. 
Can you add a 

thank you slide?”

Actions that serve as a proxy for grounding progress

12



We quantify grounding gaps in real-world 
interaction data via grounding acts

We construct a new benchmark (Rifts) 
with “difficult-to-ground” prompts.

Labeled 69K conversations, 138K messages

Across Bing Chat, WildChat, MultiWOZ

1740 prompts where people struggle to ground

Across WildChat

Overview

15



Human-AI

WildChat, GPT, crowdsourced

Bing Chat, GPT, commercial service

110K dialogues, 55K messages


Quantifying Grounding Acts
Data & Method - Annotation

26K 13K

16



Human-AI

WildChat, GPT, crowdsourced

Bing Chat, GPT, commercial service

110K dialogues, 55K messages


1 dialogues, messages980  490 

Quantifying Grounding Acts
Data & Method - Annotation

Human-Human

MultiWOZ, Wizard-of-Oz assistant

A human pretends to be assistant 

26K 13K

17



Human-AI

WildChat, GPT, crowdsourced

Bing Chat, GPT, commercial service

110K dialogues, 55K messages

1 dialogues, messages980  490 

Quantifying Grounding Acts
Data & Method - Annotation

Annotated with

Few-shot 4o-mini

Macro F-1 = 0.75 on hand-labeled test set

Human-Human

MultiWOZ, Wizard-of-Oz assistant

26K 13K

18



MultiWOZBINGWildChat
Human-AI Human-HumanPr

op
or

tio
n 

of
 tu

rn
s

Quantifying Grounding Acts
Advancing Results

LMs LOVE to advance; 
they use (5x) ack. acts, 
offering false sense of 
“understanding.”

“Sure, I made the 
slides for you.”

19



MultiWOZBINGWildChat
Human-AI Human-HumanPr

op
or

tio
n 

of
 tu

rn
s

Quantifying Grounding Acts
Advancing Results

“Sure, I made the 
slides for you.”

v.s. just 0.63x for 
Human-Human

LMs LOVE to advance; 
they use (5x) ack. acts, 
offering false sense of 
“understanding.”

20



Quantifying Grounding Acts
Addressing Results

MultiWOZBINGWildChat
Human-AI Human-Human

Pr
op

or
tio

n 
of

 tu
rn

s

Users have to clean up 
the grounding mess.

5% of turns repair 
grounding (“that’s not 
what I meant”)

20% of turns are 
reformulations of past 
instructions

21



Quantifying Grounding Acts
Addressing Results

MultiWOZBINGWildChat
Human-AI Human-Human

Pr
op

or
tio

n 
of

 tu
rn

s

Users have to clean up 
the grounding mess.

20% of turns are 
reformulations of past 
instructions

Lower in Human-WOZ

5% of turns repair 
grounding (“that’s not 
what I meant”)

22



Quantifying Grounding Acts
Addressing Results

Addressing acts 
snowball in dialogue

23



Quantifying Grounding Acts
Addressing Results

Addressing acts 
snowball in dialogue

The moment a user 
addresses, things go 
bad: 10% → 30% → 50%+

24



Quantifying Grounding Acts
Addressing Results

Addressing acts 
snowball in dialogue

The moment a user 
addresses, things go 
bad: 10% → 30% → 50%+

repair → “sure!” → repair

The user just restarts the 
whole session (~10% of 
sessions are restarts!!) 

25

Here’s a concise 12‑slide deck 
introducing the core ideas, 
evidence and implications ...



Repair

Boring. More exciting!

LLM

User

Make a presentation on 
Human-LLM grounding. Here’s 
my paper: [pdf] User

Turned the dry bullet deck into 
a color‑popped, graphic‑rich 
story on humans vs LLMs.

LLM

Repair

No, no, no... it’s cringe now...

User



Quantifying Grounding Acts
Disambiguating Results

MultiWOZBINGWildChat
Human-AI Human-HumanPr

op
or

tio
n 

of
 tu

rn
s

Despite this, users 
disambiguate LLM outputs 
3X as much as LLM 
assistants disambiguate 

user instructions

26



Quantifying Grounding Acts
Disambiguating Results

Compared to just 1.5x in 
human-WOZ interaction

MultiWOZBINGWildChat
Human-AI Human-HumanPr

op
or

tio
n 

of
 tu

rn
s

Despite this, users 
disambiguate LLM outputs 
3X as much as LLM 
assistants disambiguate 

user instructions

27



RIFTS - A New Benchmark
Details

A representative set of 1.7K real-world prompts 
that we (don’t) forecast grounding difficulty:

28



“what does retinol do for men?”

“what causes tailbone pain?”

RIFTS - A New Benchmark
Examples in Rifts

29



“tell me your information.”

“what does retinol do for men?”

“what causes tailbone pain?”

RIFTS - A New Benchmark

30

Examples in Rifts



“tell me your information.”

“what does retinol do for men?”

“The next step in court after victims witnesses hearing”

“what causes tailbone pain?”

RIFTS - A New Benchmark

31

Examples in Rifts



RIFTS - A New Benchmark
How did we construct RIFTS?

Goal: forecast which prompts 
result in grounding failure.

32



RIFTS - A New Benchmark
How did we construct RIFTS?

Challenge: prompted models are 
only good at post-hoc classification

33



RIFTS - A New Benchmark
How did we construct RIFTS?

Train Llama 3.1 7B forecaster on sequences where 
the grounding label precedes the full interaction

34



RIFTS - A New Benchmark

→ 12.8

→ 7.5

→ -4.5

Curate a set of tasks where confidence 
(logit) from this forecaster model is high

How did we construct RIFTS?

35



RIFTS - A New Benchmark
Results

Do models (not) clarify 
or follow-up when 
appropriate on RIFTS?

No. Models are far from 
100% accuracy.

36



RIFTS - A New Benchmark
Results

No. Models are far from 
100% accuracy.

Simple interventions (e.g. 
prompt to clarify if 
forecasted) are a start.

Do models (not) clarify 
or follow-up when 
appropriate on RIFTS?

37



Navigating Rifts in Grounding
by improving grounding in dialogue

Models that are 
better at multi-turn 
grounding

38

Only simple tasks in 
RIFTS work with 
current day LLMs

Some models 
always clarify 
(Deep Research)



Funniest 
student 0.7 Makes coffee for his 

friends at the lab 1.0 Nervous about taking 
quals next term

ConfidenceProposition

Regularly makes and 
eats ice cream

Procrastinated on his 
slides for the talk 0.6

You didn’t start on 
the slides yet???

the advisors

Currently presenting at 
UIST 2025 1.0

Ph.D. Student at 
Stanford University 1.0

Omar Shaikh, Shardul Sapkota

Shan Rizvi, Eric Horvitz

Joon Park, Diyi Yang

Michael Bernstein

Creating General User Models 
from Computer Use

STANFORD

HUMAN-COMPUTER

INTERACTION

GROUP



Today’s models have general pinhole 
understandings of us

How did we end up with gg

52



Today’s models have general pinhole 
understandings of us

LLMs ← chat history

TVs ← viewing history

Music ← listening history

53

How did we end up with gg



Today’s models have general pinhole 
understandings of us

LLMs ← chat history

TVs ← viewing history

Music ← listening history

General User Model ← anything (multimodal!)

How did we end up here?

54



The General User Model (GUM) 
is a system that uses 
multimodal models 



to build a general 
understanding of your context 
through observation

52
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How did it put that together from 
just me using my computer?

57



General User Model

58



raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

Qwen 2.5 VL

Running Application:

YouTube (ice cream), Figma (slides)



Displayed Results (Top 2):

1. Video Title: Ice Cream: The Only 
Recipe You'll Ever Need | NYT



The user browsed YouTube for ice cream 
recipes. They started on the Figma tab, 
then switched to YouTube and searched 
for "ice cream recipe." Finally, the 
user is reviewing video results....

61



Observe Propose Retrieve Revise
Transcribe 

screenshots in detail
Propose new propositions 

based on observations
Fetch a set of similar 

propositions from GUM
Skip, merge, or 

update propositions

General User Model (GUM) System

User views ice cream 
recipes while working .7 User stays focused 

when working .4

User enjoys eating 
ice cream .7

User reads ice cream 
recipes during work .8

Confidence 
updated

Confidence 
updated

Duplicate 
merged

User stays focused 
when working .8

User enjoys eating 
ice cream .5

User reads ice cream 
recipes during work .7

Prompt Qwen 2.5 VL to effectively transcribe screenshot observations

Screenshots captured on click, keystroke; up to 10 unique frames at once

Running Application:

- YouTube (window title: YouTube – ice cream)



Open Tabs in YouTube:

- Home

- You



Search Query:

- ice cream recipe



Displayed Results (Top 2):

1. Video Title: Ice Cream: The Only Recipe 
You'll Ever Need | Melissa Clark | The NYTimes

   - Channel: The New York Times

   - Views: 347K

   - Uploaded: 10 years ago

   - Duration: 4:07

The user is browsing YouTube for ice cream 
recipes. They started on the Overleaf tab, 
then switched to YouTube and searched for 
"ice cream recipe." Finally, the user is 
reviewing video results....

64



raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

The user browsed YouTube for ice cream 
recipes. They started on the Figma tab, 
then switched to YouTube and searched 
for "ice cream recipe." Finally, the 
user is reviewing video results....

62



raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

The user browsed YouTube for ice cream 
recipes. They started on the Figma tab, 
then switched to YouTube and searched 
for "ice cream recipe." Finally, the 
user is reviewing video results....

reasoning: “The user appears distracted, 
switching focus between an ice cream 
recipe video and typing intermittently 
in an Overleaf window.”



confidence: “7” [1-10 score]
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

The user browsed YouTube for ice cream 
recipes. They started on the Figma tab, 
then switched to YouTube and searched 
for "ice cream recipe." Finally, the 
user is reviewing video results....

reasoning: “The user appears distracted, 
switching focus between an ice cream 
recipe video and typing intermittently 
in an Overleaf window.”



confidence: “7” [1-10 score]

Subscribed to 0.9
Working on a UIST talk 0.9

Distracted by ice cream 
recipes while working 0.7
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

Subscribed to several 0.9
Working on a UIST talk 0.9

Distracted by ice cream 
recipes while working

0.7

65



raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

Subscribed to several 0.9
Working on a UIST talk 0.9

Distracted by ice cream 
recipes while working

0.7
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

Subscribed to several 0.9
Working on a UIST talk 0.9

Distracted by ice cream 
recipes while working

0.7

Distracted by ice cream 
recipes while working

0.7

Distracted by ice cream 
recipes while sleeping 0.4

Distracted by ice cream 
recipes while working

0.7

Distracted by ice cream 
recipes while browsing 0.5

Retrieve
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raw input and transcribe into text
Observe

new propositions about the user
Propose

similar propositions from the past
Retrieve

all propositions and update
Revise

Subscribed to several 0.9
Working on a UIST talk 0.9

Distracted by ice cream 
recipes while working

0.7

Regularly distracted by 
ice cream 

1.0

Distracted by ice cream 
recipes while working

0.7

Distracted by ice cream 
recipes while sleeping 0.4

Distracted by ice cream 
recipes while working

0.7

Distracted by ice cream 
recipes while browsing 0.5

Retrieve

Revise
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Observe Propose Retrieve Revise
Transcribe 

screenshots in detail
Propose new propositions 

based on observations
Fetch a set of similar 

propositions from GUM
Skip, merge, or 

update propositions

Ice Cream Recipes

General User Model (GUM)

Bank Statement

-$10,430

Login

Password: ****

User views ice cream 
recipes while working 0.7 User stays focused 

when working 0.4

User enjoys eating 
ice cream 0.7

User reads ice cream 
recipes during work 0.8

Confidence 
updated

Confidence 
updated

Duplicate 
merged

User stays focused 
when working

User enjoys eating 
ice cream 0.5

0.8

User reads ice cream 
recipes during work 0.7

69



Applications of GUMs

If only I had a model of user context...

70



Applications of GUMs

If only I had a model of user context...

Nervous about taking 
quals next term 1.0Might go to friend’s 

wedding in Chicago
0.8Might not make the 

UIST deadline 1.0

Nervous about taking 
quals next quarter 1.0 Makes coffee for his 

friends at the lab 1.0

Collaborating with 
peers on 

Nervous about taking 
quals next term 1.0 Interested in making 

more Chai at home 1.0

ConfidenceProposition

Excited to visit Berlin 
for the summer 1.0Struggling to use 

gradients in Figma
0.8Might not make the 

conference deadline 1.0
Interviewing at 
Thinking Machines 0.9

Nervous about taking 
quals next quarter 0.4 Interviewing at 

Thinking Mac
Makes coffee for his 
friends at the lab 0.9

Enjoys collaborating 
with peers and friend 1.0

Nervous about taking 
quals next term 0.6Interviewing at 

Thinking Machines 0.9

Likely going to friend’s 
wedding in Chicago

0.8 Needs to budget as a 
Ph.D. student 0.6

Makes and eats ice 
cream very regularly 0.9 Is a Ph.D. student at 

[redacted] University 0.8 Pretentious about 
coffee options 0.8Is a Ph.D. student at 

[redacted] University 0.8Uses casual tone 
with friends 0.8 Is a Ph.D. student at 

Stanford University 0.8

Doesn’t own any 
suitable formal wear

1.0

 i was 10 the last time i 
wore a suit lol

1 day ago

Re: Quals for Stanford 
University Ph.Ds
...

Interested in Human-AI 
interaction

1.0

Propositions
Confidence-weighed 

inferences

Observations
Snapshots of unstructured, 
multimodal interaction

71



Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Application

GUMs for Contextual Integrity

Challenge: Sensitive information 
should not be processed by the GUM.  
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Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Application

GUMs for Contextual Integrity

Challenge: Sensitive information 
should not be processed by the GUM.  

Information flows appropriately 
according to the specific norms and 
expectations of the social context.

73



If only we had a good model of a 
user’s context...

Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Application

GUMs for Contextual Integrity

Challenge: Sensitive information 
should not be processed by the GUM.  

Information flows appropriately 
according to the specific norms and 
expectations of the social context.

Nissenbaum, H. (2004). Privacy as contextual integrity. Washington Law Review, 79(1), 119–157. 74



Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Ice Cream Recipes

Bank Statement

-$10,430

Login

Password: ****

Shares ice cream 
recipes with lab 0.9

Refuses to share lab 
passwords on Slack 0.8

Uses password 
managers regularly

1.0

Application

GUMs for Contextual Integrity

If only we had a good model of a 
user’s context...

Challenge: Sensitive information 
should not be processed by the GUM.  

Information flows appropriately 
according to the specific norms and 
expectations of the social context.
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Application

Mixed Initiative Interaction
Challenge: Knowing when an AI 
system should take initiative 
depends on the context

Horvitz, E. (1999). Principles of Mixed-Initiative User Interfaces. 

Proceedings of the SIGCHI Conference on Human Factors in Computing Sytems 76



Application

Mixed Initiative Interaction
Challenge: Knowing when an AI 
system should take initiative 
depends on the context

Horvitz, E. (1999). Principles of Mixed-Initiative User Interfaces. 

Proceedings of the SIGCHI Conference on Human Factors in Computing Sytems

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 

77



Application

Mixed Initiative Interaction

Utility from interruption v.s. no 
interruption depending on context

Challenge: Knowing when an AI 
system should take initiative 
depends on the context

It looks like you’re trying to 

reinvent my legacy


Would you like help? 

Horvitz, E. (1999). Principles of Mixed-Initiative User Interfaces. 

Proceedings of the SIGCHI Conference on Human Factors in Computing Sytems 78



If you have these quantities, you can 
determine the expected utility of

 


interrupting v.s. 

not interrupting a user.



and identify a threshold.
82

Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 



88

Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 



OK Omar, the math checks out... but where in the world did 
you get all those NUMBERS (B, C, P, etc. etc.) from???

89

Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 



??
?
?
?
?
?
?

If only we had a good model of 
user context...

How do you get this utility? 

Utility from interruption v.s. no 
interruption depending on context

Challenge: Knowing when an AI 
system should take initiative 
depends on the context

Application

Mixed Initiative Interaction

It looks lik
e you’re tryin

g to 

reinvent my legacy


Would you like help? 
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If only we had a good model of 
user context...

How do you get this utility? 

Utility from interruption v.s. no 
interruption depending on context

Challenge: Knowing when an AI 
system should take initiative 
depends on the context

Application

Mixed Initiative Interaction

Read Principles of 
Mixed Initiative Interac.

0.9

Likes to have funny 
slides in their talks 0.8

Wants to reinvent 
Clippy’s legacy

1.0

Retrieve

81



If only we had a good model of 
user context...

How do you get this utility? 

Utility from interruption v.s. no 
interruption depending on context

Challenge: Knowing when an AI 
system should take initiative 
depends on the context

Application

Mixed Initiative Interaction

Retrieve

Estimate E[U | GUM] with LLM

Read Principles of 
Mixed Initiative Interac. 0.9

Likes to have funny 
slides in their talks 0.8

Wants to reinvent 
Clippy’s legacy 1.0

It looks lik
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Excited about the 
honorable mention 1.0

Nervous about taking 
quals next quarter 1.0 Makes coffee for his 

friends at the lab 1.0

Collaborating with 
peers on 

Nervous about taking 
quals next term 1.0 Interested in making 

more Chai at home 1.0

ConfidenceProposition

Excited to visit Berlin 
for the summer 1.0Struggling to use 

gradients in Figma
0.8Giving a talk at UIST 

right now 0.9

Nervous about taking 
quals next quarter 0.4 Interviewing at 

Thinking Mac
Makes coffee for his 
friends at the lab 0.9

Enjoys collaborating 
with peers and friend 1.0

Nervous about taking 
quals next term 0.6Interviewing at 

Thinking Machines 0.9

Likely going to friend’s 
wedding in Chicago

0.8 Needs to budget as a 
Ph.D. student 0.6

Makes and eats ice 
cream very regularly 0.9 Is a Ph.D. student at 

[redacted] University 0.8 Pretentious about 
coffee options 0.8Is a Ph.D. student at 

[redacted] University 0.8Uses casual tone 
with friends 0.8 Is a Ph.D. student at 

Stanford University 0.8

Doesn’t own any 
suitable formal wear

1.0

 i was 10 the last time i 
wore a suit lol

1 day ago

Re: Quals for Stanford 
University Ph.Ds
...

Interested in Human-AI 
interaction

1.0

Propositions
Confidence-weighed 

inferences

Observations
Snapshots of unstructured, 
multimodal interaction
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Excited about the 
honorable mention 1.0

Nervous about taking 
quals next quarter 1.0 Makes coffee for his 

friends at the lab 1.0

Collaborating with 
peers on 

Nervous about taking 
quals next term 1.0 Interested in making 

more Chai at home 1.0

ConfidenceProposition

Excited to visit Berlin 
for the summer 1.0Struggling to use 

gradients in Figma
0.8Giving a talk at UIST 

right now 0.9

Nervous about taking 
quals next quarter 0.4 Interviewing at 

Thinking Mac
Makes coffee for his 
friends at the lab 0.9

Enjoys collaborating 
with peers and friend 1.0

Nervous about taking 
quals next term 0.6Interviewing at 

Thinking Machines 0.9

Likely going to friend’s 
wedding in Chicago

0.8 Needs to budget as a 
Ph.D. student 0.6

Makes and eats ice 
cream very regularly 0.9 Is a Ph.D. student at 

[redacted] University 0.8 Pretentious about 
coffee options 0.8Is a Ph.D. student at 

[redacted] University 0.8Uses casual tone 
with friends 0.8 Is a Ph.D. student at 

Stanford University 0.8

Doesn’t own any 
suitable formal wear

1.0

I found a suit rental in Chicago for 
your friend’s wedding that likely fits 
your budget as a Ph.D. student [...]

Searching for suit rentals

 i was 10 the last time i 
wore a suit lol

1 day ago

Re: Quals for Stanford 
University Ph.Ds
...

Interested in Human-AI 
interaction

1.0

Propositions
Confidence-weighed 

inferences

Observations
Snapshots of unstructured, 
multimodal interaction

Suggestions
Proactive recommendations 
based on the GUM

Application: a proactive assistant that 
uses the GUM to generate suggestions
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Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants
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Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)

86



Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)
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Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)
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Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)
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Evaluation

GUMs are accurate

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)
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Evaluation

GUMs are accurate and calibrated

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)
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Evaluation

GUMs are accurate and calibrated

Evaluated on 3,600 emails 
from 18 participants

Confident inferences (> 0.8) 
are accurate (88.3%)

Under-confident

Over-confident
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Calibrated (0.28 Brier) on all 
computer use for 5 days 
across 5 participants

Evaluated on 3,600 emails 
from 18 participants

Evaluation

GUMs are accurate and calibrated

Confident inferences (> 0.8) 
are accurate (88.3%)

Under-confident

Over-confident
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Evaluation

Removing modules reduces performance
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“It knew who my roommate was; what 
our budget was; where we were 
moving; that I was worried about this 
move. It worked backward from our 
move-in date, planned a schedule, 
and identified moving services. 



And half of my conversation with my 
roommate wasn’t in English.” 

- Participant 1

Evaluation

Good suggestions draw from the whole GUM

Participants were excited 
about suggestions using 
large amounts of context
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“I did not even tell this system 
anything, but it identified that I have 
this habit [of creating research 
outlines in LaTeX]. 



And it created this entire outline—in 
LaTeX—of how I could write my paper 
in the context of this new framework I 
was checking out. I was like, wow” 

- Participant 3

Evaluation

Good suggestions draw from the whole GUM

Participants were excited 
about suggestions using 
large amounts of context

7 pt. Likert

45.69% at least useful (>=5)

10.34% perfect (7)
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“This system gave me a nudge. It 
looked into the podcast and said it 
drew connections to my work [...]



The connections were total garbage. 
Still, it got me to finally listen, and I 
ended up totally locked in, working 
on it for hours after.” 

- Participant 2

7 pt. Likert

45.69% at least useful (>=5)

10.34% perfect (7)

13.79% poor (<= 2)

Evaluation

But they’re not perfect....

Participants were excited 
about suggestions using 
large amounts of context
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The Privacy Paradox

People often say they value their 
privacy, yet willingly share personal 
information online.



Example:

A user claims to care about data privacy 
but regularly posts personal details on 
social media and accepts app 
permissions without reading them.
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Paradox



The Privacy Paradox

People often say they value their 
privacy, yet willingly share personal 
information online.



Example:

A user claims to care about data privacy 
but regularly posts personal details on 
social media and accepts app 
permissions without reading them.

“It was intimidating at first. And I 
was also like shit like, do I need 
to be careful what I say? And 
then after a day I was like, 
whatever F it..” 

- Participant 4
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The Privacy Paradox

People often say they value their 
privacy, yet willingly share personal 
information online.



Example:

A user claims to care about data privacy 
but regularly posts personal details on 
social media and accepts app 
permissions without reading them.

“It was intimidating at first. And I 
was also like shit like, do I need 
to be careful what I say? And 
then after a day I was like, 
whatever F it..” 

- Participant 4

“There were some really great 
things that came out

of there that I wouldn’t have 
thought about. So how

do I amplify that? I would 
integrate some more personal

work that I do.” 

- Participant 3
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Paradox



Hallucinations
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Discussion

Failure Modes



Hallucinations



GUM can be prompt injected with spam







“[The proposition was] based on a 
phishing email but it wasn’t 
accurate at all, and so the model 
thought it was me and my interest 
rather than just a phishing attempt”

- Participant 4
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Failure Modes



Hallucinations



GUM can be prompt injected with spam



Even higher precision suggestions



Execution failure



“So my advisor’s been asking me to listen to 
this Claude Steele podcast. GUMBO gave 
me a nudge. It looked into the podcast and 
said it drew connections to my work. The 
outline was decent, but the connections 
were total garbage.
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Discussion

Failure Modes



Hallucinations



GUM can be prompt injected with spam



Even higher precision suggestions



Execution failure



“So my advisor’s been asking me to listen to 
this Claude Steele podcast. GUMBO gave 
me a nudge. It looked into the podcast and 
said it drew connections to my work. The 
outline was decent, but the connections 
were total garbage. 



Still, it got me to finally listen, and I ended 
up totally locked in, working on it for hours 
after. I almost prefer this, because it didn’t 
take away any cognitive burden.”

-Participant 2
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Failure Modes



“Maybe I wasn’t familiar with 
PowerPoint, but if it asked me 
[before it made that assumption] 
and then used that to give me a 
suggestion I think I would’ve been 
happier with it”

- Participant 4

Hallucinations



GUM can be prompt injected with spam



Even higher precision suggestions



Execution failure



Human agency
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The Real GUM v.s. the Ideal GUM

generalusermodels.github.io

Do you really want your GUM to 
reflect your implicit preferences?

Privacy and Control
Local models, awareness, and what are 
users ready to see about themselves?

You prompt the model

and it asks clarification 
questions / uses RAG

with your whole life in 
context

Creating General 

User Models 

and knows you well  
enough to do the right 
thing at the right time
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Human-AI Grounding

There are certainly capabilities barriers... but I think a 
lot of today's errors are due to models being expected 

to “read our minds” instead of ground with us

Omar 

Shaikh

STANFORD

HUMAN-COMPUTER

INTERACTION

GROUP


