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Navigating Rifts in Human-LLM Grounding:
Study and Benchmark

Omar Shaikh'*, Hussein Mozannar®, Gagan Bansal®°, Adam Fourney®, Eric Horvitz’
'Stanford University, °“Microsoft Research
oshaikh@stanford. edu
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Grounding in Dialogue

 Process of establishing mutual understanding between speakers

 Requires clarifications, follow-ups, acknowledgments

« Breakdowns harm user experience and safety



Common Ground Common Ground

Mutual knowledge,

beliefs, and it el

- XCItng silide : :
suppositions held deckmg User wants Plain slides
by participants in slides

a conversation.

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

Shaikh et al. 2024 - Grounding Gaps
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Our visions of HClrely ona oy

the right thing

general UnderStanding Of US at the right time Y .j
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Our visions of HClrely ona oy

the right thing

general understanding of US  erignttime

Assistant that knows what lecture you're
preparing for, looks through personal data for

a relevant research paper

Knowledge Navigator
Apple

12

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






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




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?”

)




Our visions of HClrely ona oy

the right thing

general understanding of US  erignttime

Assistant that knows what lecture you're Alarm clock that knows when its user is

preparing for, looks through personal data for about to wake; coffee machine that knows
a relevant research paper the kind of coffee the user wants

-

S i S
o it

Knowledge Navigator A Computer for the 21st Century
Apple, 1987 Weiser, 1999

Weiser, M. (1991). The computer for the 21st century. Scientific American, 265(3), 94-104. 16



My work measures and bridges
the “grounding gap”

20



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

22



Measurement
Grounding Gaps + just clarify?

Interaction
General User Models

23



Navigating Rifts In

Human-LLM Grounding
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Stanford University & Microsoft Research
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Grounding Acts
background

How do we measure grounding in dialogue?



Grounding Acts
background

Actions that serve as a proxy for grounding progress

25



Grounding Acts
background

Actions that serve as a proxy for grounding progress

“Good enough.
Can you add a
thank you slide?”

Mm@

Advance
acknowledge or
advance grounding

10



Grounding Acts
background

Actions that serve as a proxy for grounding progress

“That was awful. | “Good enough.
want something Can you add a
more exciting.” thank you slide?”
Address Advance
Explicitly repairing acknowledge or

grounding failure advance grounding

11



Grounding Acts
background

Actions that serve as a proxy for grounding progress

“That was awful. | “Do you need “Good enough.
want something anything else before Can you add a
more exciting.” making my slides?” thank you slide?”
Address Disambiguate Advance
Explicitly repairing Clarifying grounding acknowledge or
grounding failure with another participant advance grounding

12



Overview

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

Labeled 69K conversations, 138K messages
Across Bing Chat, WildChat, MultiwO/Z

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

1740 prompts where people struggle to ground
Across WildChat

15



Quantifying Grounding Acts

Data & Method - Ahnotation

Human-Al
WildChat, GPT, crowdsourced 110K dialogues, 55K messages
Bing Chat, GPT, commercial service 20K 13K

16



Quantifying Grounding Acts

Data & Method - Ahnotation

Human-Al

WildChat, GPT, crowdsourced 110K dialogues, 55K messages
Bing Chat, GPT, commercial service 20K 13K
Human-Human

MultiwOZ, Wizard-of-Oz assistant 980 490

A human pretends to be assistant

17



Quantifying Grounding Acts

Data & Method - Ahnotation

Human-Al

WildChat, GPT, crowdsourced 110K dialogues, 55K messages
Bing Chat, GPT, commercial service 20K 13K
Human-Human

MultiwOZ, Wizard-of-Oz assistant 980 490
Annotated with

Few-shot 40-mini
Macro F-1 = 0.75 on hand-labeled test set

18



Quantifying Grounding Acts

Advancing Results

LMs LOVE to advance:
they use (5x) ack. acts,

Z Ack. B user
offering false sense of 5 assistant
“understanding.” ‘E 010 0.10 0.11
‘Sure, | made the § o "o
slides for you.” o 0.00 —=== — —

O WildChat BING MultiwOZ

A Human-Al Human-Human

19



Quantifying Grounding Acts

Advancing Results

LMs LOVE to advance:
they use (5x) ack. acts,

B user
assistant

0.08

. 0.05

| - Ack.
offering false sense of =
‘understanding.” ‘E 010 - 0.10 0.11
“Sure, | made the § o o
slides for you.” o 0.00-—=== —
O WildChat BING
v.S. just 0.63x for ) Human-Al

Human-Human

MultiWOZ

Human-Human

20



Quantifying Grounding Acts

Addressing Results

Repalr
Users have to clean up P - :z;gtant
the grounding mess. 0.05

J EAYE 0.05
0.01 l 0.00
0.00 'l |

Reformulate

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

20% of turns are

_ 0.20
reformulations of past 0.207 o
Instructions 0.00 j 000 5,00 .
| WildChat BING Multiw0Z

Human-Al Human-Human 1

Proportion of turns




Quantifying Grounding Acts

Addressing Results

Users have to clean up

the grounding mess. ’ 0 05
5% of turns repair S
grounding (“that's not ‘6 0.00
what | meant”) é
20% of turns are g
reformulations of past fé 0.20

Instructions
0.00

Lower iIn Human-WQ/

Repair B user
assistant

1 0.05
0.03

Reformulate

_ 0.20
0.16
0.04
i 0.00 0.00 I 0.00

WildChat BING MultiWOZ

Human-Al Human-Human 5o




Quantifying Grounding Acts

Addressing Results

Addressing acts
showhball in dialogue

Probability that turn n + 1 is unsuccessful

0.7

0.6 -

0.5-

0.4 -

Probability of any turn being unsuccesful

0 1 2 3 4

Past unsuccessful turns n in a row

23



Quantifying Grounding Acts

Addressing Results

Addressing acts
showhball in dialogue

The moment a user

addresses, things go
bad: 10% > 30% - 50%+

0.7

0.6 -

0.5-

0.4 -

Probability that turn n + 1 is unsuccessful
-
W

Probability of any turn being unsuccesful

0 1 2 3 4

Past unsuccessful turns n in a row

24



Quantifying Grounding Acts

Addressing Results

Addressing acts
showhball 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!!)

Make a presentation on
Human-LLM grounding. Here’s

my paper: [pdf]

a

User

Q Here's a concise 12-slide deck

Introducing the core ideas,
LLM

Repair
Boring. More exciting!

evidence and implications .

A

User

Q Turned the dry bullet deck into
a color-popped, graphic-rich

LI M story on humans vs LLMSs.

Repair
No, no, no... it’s cringe now...

A >

User

25



Quantifying Grounding Acts

Disambiguating Results

Despite this, users

disambiguate LLM outputs ¢& Clarification  pmm yser
5 0.10- assistant

3Xasmuchas LLM i o

. . . O ' 0.05
assistants disambiguate =~ ¢ 0.05- l l003 o
, , O 0.01 | Sy 002

user instructions £ 0.00 I
o WildChat BING Multiw0z
Y Human-Al Human-Human

26



Quantifying Grounding Acts

Disambiguating Results

Despite this, users

disambiguate LLM outputs ¢& Clarification  pmm yser

5 0.10- assistant
3Xas much as LLM = .

. . . O ' 0.05

assistants disambiguate c 0.05-

O 0.01 0.03 0.03_ .02
user instructions £ 0.00 I

| S WildChat BING Multiwoz

Compared to just 1.5x in N Human-Al Human-Human

human-WO/Z interaction

27



RIFTS - A New Benchmark

Detalls

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

28



RIFTS - A New Benchmark

Examples in Rifts

“what causes tailbone pain?”

“what does retinol do for men?”

29



RIFTS - A New Benchmark

Examples in Rifts

“what causes tailbone pain?”

“what does retinol do for men?”

“tell me your information.”

30



RIFTS - A New Benchmark

Examples in Rifts

“what causes tailbone pain?”

“what does retinol do for men?”

“tell me your information.”

“The next step in court after victims withesses hearing”

31



RIFTS - A New Benchmark

How did we construct RIFTS?

Goal: forecast which prompts
result in grounding failure.

User: Help me write this section addressing
N —————— et e,
g g1

32



RIFTS - A New Benchmark

How did we construct RIFTS?

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

User: Help me write this section
—,—/

mo

Assistant: Sure, here’s the section...

-—_—_ - —_——_——— e
0

User: Wrong section. I meant 5.2. addressing F
-—_ - —— - - ~—_—(—

mi gi

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

User: Help me write this section addressing
T

o g1
Assistant: Sure, here’s the section...
ST EE—————————————

0

User: Wrong section. I meant 5.2.
N EEEEEEE————

mi

34



RIFTS - A New Benchmark

How did we construct RIFTS?

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

User: Write a funny tweet addressing > 12.8
—_— — —
mo gi
advancing —> /5
| S —

g1

disambiguating > -4.5

N ——— —
g1

35



RIFTS - A New Benchmark

Results

Do models (not) clarity Model Variant | RIFTS Accuracy
or follow-up when GPT 4o 2526 + 3.54
appropriate on RIFTS? 40-mini 24.48 £+ 3.51
03-mini 25.26 += 3.54

No. Models are far from
. Claude Sonnet 3.5 26.95 + 3.57
100% accuracy. Opus 3 24.57 + 3.51
LLlama 3.1 8B Instruct 2422 + 3.49
70B Instruct 23.88 +=3.47

36



RIFTS - A New Benchmark

Results

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

No. Models are far from
100% accuracy.

Simple interventions (e.g.

prompt to clarify if
forecasted) are a start.

Model Variant | RIFTS Accuracy
GPT 40 25.26 4= 3.54
40-mini 2448 + 3.51
03-mini 25.26 &= 3.54
Claude Sonnet 3.5 26.95 £ 3.57
Opus 3 24.57 = 3.51
Llama 3.1 8B Instruct 24.22 + 3.49
70B Instruct 23.88 4+ 3.47
Llama 3.1 8B + GROUND 54.48 + 2.45

37



Navigating Rifts in Grounding

by improving grounding in dialogue

Models that are ChatGPT 4 =
better at multi-turn eume
grounding
Only Simple taSkS iﬂ Could you clarify what kind of resume you're looking for?
RI FTS WO rk Wlth Do you want me to create a resume for you? (If yes, I'll need
current day LLMS detalls like your work experience, skills, and education.)

» Do you want a template you can fill out?
Some models e Or are you asking for help improving an existing resume?
always Clarify Which one should we focus on?
(Deep Research) S DA O

38



Creating General User Models
from Computer Use -

Omar Shaikh, Shardul Sapkota 00O I I I 5 T EE
Shan Rizvi, Eric Horvitz Vou didrit start on
Joon Park Diyi Yang the S"deS yet')')f) BUSAN, KOREA | SEP. 28TH - OCT. 1ST 2025
Michael Bernstein the advisors
|
@ / STANFORD |
HUMAN-COMPUTER
« INTERACTION St 0.7 Ph.D. Student at 10 Regularly makes
GROUP 1t . Stanford University : eats ice cream

Proposition Confidence

Procrastinated on his
0.6

Currently presenting at 10
slides for the talk ‘

UIST 2025




How did we end up with gg

Today’s models have genreral pinhole
understandings of us

52



How did we end up with gg

Today’s models have genreral pinhole
understandings of us

LLMs <« chat history
TVs <« viewing history
Music < listening history

53



How did we end up here?

Today’s models have genrerat pinhole
understandings of us

LLMs < chat history
TVs <« viewing history
Music < listening history

General User Model < anything (multimodal!)

24



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

to build a general
understanding of your context
through observation

52



— rras le( J/ Home Login Join @ Search Q

RECIPES | DINNER | EASYRECIPES | SHOP | VIDEOS | SUBSCRIBE

. - g v .
- w2 J Easy Strawbe J “y
e Crian St | "YBB=™" Easy Ice Cream . Easy Cookie Dough c:‘“r n\: IHT - WJ Easy Chocolate
i s " Sundae Dessert lce Cream SR - Mousse
( Cream “_; \

Home - Ice Cream & Frozen Treats - Ice Cream Recipes - Chocolate Ice Cream

“ Easy Chocolate Eclair
Cake

—

Chocolate Ice Cream

% W W10 reviews

O Total Time Prep:10 min. Process: 20 min. + freezing

By Susan Bronson

Recipe by Test Kitchen, Milwaukee, Wisconsin

a Tested by Taste of Home Test Kitchen

Taste of Home's Editorial Process

EASY CHOCOLATE ICE CREAM RECIPE PHOTO BY
TASTE OF HOME Updated On Jun. 20, 2024

K ¢ x =

Chocolate ice cream is one of the easiest ice
creams to make. Dust off your ice cream maker
for this creamy, decadent dessert.

| have many fond childhood memories of making homemade ice cream during the height
of summer—particularly chocolate ice cream. When | was little, it was tvpically mv iob to sit



EASY CHOCOLATE ICE CREAM RECIPE PHOTO BY
TASTE OF HOME Upl

Enjoys eating ice cream and 08 I
viewing ice cream recipes I

credins W ilidae. wusL vl your ice crearmn Ir

for this creamy, decadent dessert.

| have many fond childhood memories of makii
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More to explore

111 titles e Sortby List order » T @

1. Funny Games Applying for Junior Data 0.9 Feedback

"y Analyst jobs in healthcare
2007 1h51m R m Metascore y=h ] Tell us what you think about this feature.

6.5(107K) +wr Rate @& Mark as watched
Report this list

Two psychopathic young men take a family hostage in their cabin.

Works in the healthcare 0.8
industry as an analyst |

Director Michael Haneke Stars Naomi Watts Tim Roth Michael Pitt

| SUrvIve
ﬁﬁ 2. The Texas Chain Saw Massacre

e e S

Enjoys eating ice cream and 0.8 ™ Is planning to move to Seattle, 0.8
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Director Tobe Hooper Stars Marilyn Burns Edwin Neal Allen Danziger

4 3. Hostel

2005 1h34m R Er, @

5.9 (119BK) 1+ Rate @ Mark as watched
. . s to meet their hedonistic expectations, with no idea of the hell that
Is unhappy at their job at 0.5 ’
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[Company] .

cream over vanilla flavor

ardson Eythor Gudjonsson

4. Saw 56
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qu did it put that together from
just me using my computer?

57
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General User Model _ —

LR

Ny ® Preview < > Publish

Minecraft Movie Review
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k this live . .
X ‘ ‘ * . No matching suggestions
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n. - ) _ 4n Eugen. )
siblings navigating grief and 1dentity, and Dawn (Danielle Brooks), a real estate agent with a penchant for
‘St il SRt SR _
nTIlh h - - - - -
Enjoys eating ice cream and 0.8 Is planning to move to Seattle, 0.8 Enjoys painting and drawing 0.4
" " " - L i (_i L .
viewing ice cream recipes e act NN as a hobby
Arprisin_
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Pielin aneen hent on fucine realme v  Permalink
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Observe
raw Input and transcribe into text

Propose
new propositions about the user

Retrieve
similar propositions from the past

Revise
all propositions and update

59



N Xl B E) UIST10min X ® GuMs ) General User Models Talk
B -
> DE =
;J'S:’O min- & YouTube ice cream recipe
rafts
Videos Unwatched Watched Recently uploaded

Observe

Melissa ClI

347K views * 10

raw input and transcribe into text . ) e

Produced by: Jen|

This video tead

Homemade

Jamie Oliveg



©O®® M ) usTiomin X
B
> DE
U'S;tT'O min- & YouTube ice cream rec ipe
S

ideos Unwatched Watched Recently uploaded

— orts ideo
r prl
S e ve 10 P Ice Cream:
ovserve : k
,.‘\_ 3 Bd
-
-

Melissa Cla

raw Input and transcribe into text

Qwen 2.5 VL
Running Application:
YouTube (1ce 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 i1ce cream
recipes. They started on the Figma tab,
then switched to YouTube and searched
for "ice cream recipe." Finally, the

user 1s reviewlng video results.... 61



General User Model (GUM) System

Running Application:
- YouTube (window title: YouTube - 1ce cream)

Open Tabs 1n YouTube:

- Home

- You The user is browsing YouTube for ice cream
recipes. They started on the Overleaf tab,

Search Query: then switched to YouTube and searched for

- 1Ce cream recipe "ice cream recipe." Finally, the user is

reviewing video results....

Displayed Results (Top 2):

1. Video Title: Ice Cream: The Only Recipe
Observe You'll Ever Need | Melissa Clark | The NYTimes
Transcribe Channel: The New York Times

screenshots in detail Views: 347K

Uploaded: 10 years ago

Duration: 4:07

Prompt Qwen 2.5 VL to effectively transcribe screenshot observations
Screenshots captured on click, keystroke; up to 10 unique frames at once

64



Propose
new propositions about the user

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 1s reviewlng video results....

62



Propose
new propositions about the user

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 1s reviewlng video results....

N/

reasoning: “The user appears distracted,

switching focus between an 1ice cream

recipe video and typing intermittently
in an Overleaf window.”

confidence: “7” [1-10 score]

63



Propose
new propositions about the user

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 1s reviewlng video results....

N/

reasoning: “The user appears distracted,

switching focus between an 1ice cream
recipe video and typing intermittently
in an Overleaf window.”

confidence: “7” [1-10 score]

J

Distracted by ice cream 0.7
recipes while working )
(
Workingon a UIST talk 0.9

64



Distracted by ice cream 0.7
W recipes while working )
Workingon a UIST talk 0.9

Retrieve
similar propositions from the past



Retrieve
similar propositions from the past

Distracted by ice cream
recipes while working

0.7

66



Retrieve
similar propositions from the past

rec

Distracted by ice cream 0.7
recipes while working )

Retrieve

. Distracted by ice cream
Distracted by i| recipes while browsing

Distracted by ice cream

recipes while working
recipes while sleeping
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Revise
all propositions and update

Distracted by ice cream 0.7
recipes while working )

Retrieve

Distracted by ice cream
recipes while browsing 0.5
red .
Distracted by ice cream 0.7
recipes while working )
recipes while sleeping 0.4

Revise

Regularly distracted by 1.0
ice cream )
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Ice Cream Recipes @ 0 @

&

Bank Statement
-$10,430

Login

Password: ****

Observe

Transcribe
screenshots in detail

9

General User Model (GUM)

r

.

User views ice cream
recipes while working

0.7

\

5

T

J

Propose

Propose new propositions
based on observations

User enjoys eating
ice cream

User stays focused
when working

User reads ice cream
recipes during work

0.5

0.8

0.7

N

Retrieve

Fetch a set of similar
propositions from GUM

Skip, merge, or

update propositions

User enjoys eating 0.7 Confidence
Ice cream ’ updated
User stays focused 0.4 Confidence
when working ¥ updated

é )
User reads ice cream 0.8 Duplicate
recipes during work y merged

\ J )

Revise
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Applications of GUMs

If only | had a model of user context...
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Applications of GUMs

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

Observations

Shapshots of unstructured,
multimodal interaction

erestgd iIn Human-Al 1.0
eraction
Propositions

Confidence-weighed

inferences

John & Emily

1 day ago

YOU’RE INVITED

i was 10 the last time i CHICAGO, IL  JULY 2025
wore a suit lol

Re: Quals for Stanford
University Ph.Ds

Pretentious abou

coffee options

\.

3% \_
- )
@ )
Uses casual tone 0.8 Makes and eats ice 0.9 Is a Ph.D. student at 0.8
with friends ) cream very regularly ) kStanford University :
J
Proposition Confidence
( N ( ) (
Doesn’t own any 1.0 Likely going to friend'’s 0.8 Needs to budget as a
suitable formal wear ) wedding in Chicago ) Ph.D. student
J . J .

~

0.6
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Application
GUMs for Contextual Integrity

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

Ice Cream Recipes ¢ 0 @

6 Bank Statement

000 -$10,430

Login
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Application Ice Cream Recipes @ © @
GUMSs for Contextual Integrity @ Bank Statement

000 -$10,430

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

Information flows appropriately \l/
according to the specific nhorms and XY

expectations of the social context. Ice Cream Recipes'§ 4 @
e Bank Statement

000 -$10,430

PRIVACY AS CONTEXTUAL INTEGRITY
Login

Helen Nissenbaum’

Password: ****

Abstracr: The practices of public surveillance, which include the monitoring of
individuals in public through a vanety of media (e.g., video, data, online), are among the least
understood and controversial challenges to privacy in an age of information technologies.
The fragmentary nature of pnivacy policy in the Umited States reflects not only the 73
oppositional pulls of diverse vested interests, but also the ambivalence of unsettled intuitions
on mundane ohenomena <such ac chonner carde cloced-circuit t2levi<cion and hiometrice This



Application
GUMs for Contextual Integrity

Challenge: Sensitive information

should not be processed by the GUM.

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

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

Ice Cream Recipes g 0 @

é’ Bank Statement

000 -$10,430

Login

Password: ***¥*

N2

Ice Cream Recipes'g 0 @

é Bank Statement

000 -$10,430

Login

Password: ****

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



Application
GUMs for Contextual Integrity

Challenge: Sensitive information

should not be processed by the GUM.

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

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

Ice Cream Recipes @ ¢ @

é Bank Statement
000 -$10,430
Login
Password: ****
000
Ice Cream Recipes'g o @
é’ Bank Statement
000 -$10,430

Login

()

r

managers regularly
\.

Uses password 1.0

~\

J

Refuses to share lab

r

.

passwords on Slack

0.8

~

J

Shares Icecream 09

recipes with lab

y,
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Application
Mixed Initiative Interaction
Challenge: Knowing when an Al

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
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Application
Mixed Initiative Interaction
Challenge: Knowing when an Al

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
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Application

Mixed Initiative Interaction

Challenge: Knowing when an Al
system should take Initiative
depends on the context

Utility from interruption v.s. no
Interruption depending on context u—A,~G)

M(A,—lG)

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

Proceedings of the SIGCHI Conference on Human Factors in Computing Sytems

0.0

u(A,G)

u(—A,G)
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B € |0,10]: Benefit of completing a useful suggestion

Application

Mixed Initiative Interaction

Crp € [0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

If you h

determ

ave these quantities, you can

ine the expected utility of

e Interrupting v.s.

e NOt

Interrupting a user.

and identify a threshold.

Principles of Mixed-Initiative User Interfaces

Eric Horvitz
Microsoft Research
Redmond, WA 98025 USA
+1 425 936 2127

horvitz@microsoft.com

ABSTRACT

Recent debate has centered on the relative promise of
focusing user-interface research on developing new
metaphors and tools that enhance users’ abilities to directly
manipulate objects versus directing effort toward
developing interface agents that provide automation. In this
paper, we review principles that show promise for allowing

wish to avoid limiting designs for human—computer
interaction to direct manipulation when significant power
and efficiencies can be gained with automated reasoning.
There is great opportunity for designing innovative user
interfaces, and new human—computer interaction modalities
by considering, from the ground up, designs that take
advantage of the power of direct manipulation and



Application

Mixed Initiative Interaction

B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

E[Uinterrupt] P{ﬁf; - B + (1 o F{ih,}) ' (_CFP)

Confidence in usefulness x Benefit + (1 — Confidence) x —False positive cost
—~ %ﬁ
When useful When not useful
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Application

Mixed Initiative Interaction

B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

E[Uinterrupt]

P(t)-B + (1— P(7)) - (—CFp)

Jonfidence in usefulness x Benefit -+ (]. — {wr“i{‘}%%ﬁ&‘) X —HFalse pOSitiV@ cost
W #
When useful When not useful
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Application

Mixed Initiative Interaction

B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

E[Uinterrupt] — -j'j{ﬁk,j’ - B+ (1 — X ) ' (_CFP)
= Confidence in usefulness x Benefit + (1 — Confidence) x —False positive cost
—~ ﬁf—/
When useful When not useful
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Application

Mixed Initiative Interaction

B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

E|Uinterrupt] = P(7) - B + (1 — P(7)) - (—CFp)

Confidence in usefulness x Benefit + (1 — Confidence) x —False positive cost
W #
When useful When not useful

E[U-interrupt] = P(7) - (=CFrn) + (1= P(7))-0

Confidence in usefulness X —False negative cost
*
Missed opportunity 86



Application
Mixed Initiative Interaction

?(7): Probability / confidence that suggestion is at all useful
B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)
Crn € [0,10]: Cost of false negative (missed helpful suggestion)

E[Uinterrupt] — f }’ B T (1 — P(\?) ) (_CFP)

= (u fidence in usefulness x Benefit + (1 — Confidence) x —False positive cost
—— ﬁ,—/
When useful When not useful

i) [U—uinterrupt]

P(r)-(—CFn) + (1= P(7))-0

Confidence in usefulness X —False negative cost

*
Missed opportunity
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Application

Mixed Initiative Interaction

B € [0,10]: Benefit of completing a useful suggestion
Crp € ]0,10]: Cost of false positive (unhelpful suggestion)
Crn € |0,10]: Cost of false negative (missed helpful suggestion)

ElUinterrupt] = P(7) - B + (1= P(7)) - (=CFp)

= Confidence in usefulness x Benefit + (1 — Confidence) x —False positive cost
\—\/—/ ﬁf—/

When useful When not useful
. — DP(+). (__ — P(T)) . : -
E[UﬁlﬂtGHUPt] = I U) ( CFN) + (1 r ( )) 0 Trigger Suggestion:
= Confidence in usefulness X —False negative cost E[Uinterrupt] > E[U-interrupt]

—\/—/
Missed opportunity 88



Application

Mixed Initiative Interaction

B € |0,10]: Benefit of completing a useful suggestion
Crp € [0,10]: Cost of false positive (unhelpful suggestion)

Crn € |0,10]: Cost of false negative (missed helpful suggestion)

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

Mixed Initiative Interaction

Challenge: Knowing when an Al
system should take Initiative
depends on the context

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

How do you get this utility?

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




Application

Mixed Initiative Interaction

Challenge: Knowing when an Al
system should take Initiative
depends on the context

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

How do you get this utility?

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

Retrieve

J

p
Wants to reinvent 1.0

Clippy’s legacy

)

slides in their talks
Ret—— ——e

ikes to have funny OJ8

y,

Mixed Initiative Interac. UMJ
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Application

Mixed Initiative Interaction

Challenge: Knowing when an Al
system should take Initiative
depends on the context

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

How do you get this utility?
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