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Toward Fluid Connectivity
Promise of Deeper Human-Machine Connection & Collaboration



An early connection

9ƴƎŀƎƛƴƎ ŀǘ b!{!Ωǎ aƛǎǎƛƻƴ Control Center on human-in-the loop
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H., Barry. Display of Information for Time-Critical Decision Making. UAI, 1995.

http://research.microsoft.com/en-us/um/people/horvitz/cognitive_cost_display_of_information_UAI_95.pdf
http://research.microsoft.com/en-us/um/people/horvitz/VISTA.HTM
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Opportunity: Complementary Computing

Direction: Augment human cognition

Pillars
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Pillar: Inferring Beliefs, Goals, Knowledge

Ideal actions under uncertainty
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Opportunity: Complementary Computing

Direction: Augment human cognition

Pillar: Complementarity
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Direction: Augment human cognition
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Human Cognition
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Opportunity: Complementary Computing

Direction: Augment human cognition

Pillar: Complementarity
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Pillar: Coordination

Channel

Signal

Intention

Conversation

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.
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Ą Engagement

Ą Contributions

Ą Understanding

Ą Planning



Pillar: Coordination

Engagement

Contributions

Understanding

Planning

Continuous process of contributing, signaling, monitoring

Clark, Duncan, Goffman, Goodwin, Kendon, et al.
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Situated interaction
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Opportunity: Complementary Computing

Direction: Augment human cognition

Reflections on several research efforts
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Opportunity: Complementary Computing

Direction: Augment human cognition

Efforts in Complementarity



H., Shwe,HandsfreeDecision Support: Toward a Non-invasive Human-Computer Interface, SCAMC, 1995.995.

HandsfreeTrauma Care System (1991)

http://research.microsoft.com/en-us/um/people/horvitz/speechcontext.htm
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Learning about Assisting Computer Users



Video

User with challenge task 9ȄǇŜǊǘ ŀǎ ²ƛȊŀǊŘ ƻŦ hȊ ά!ƎŜƴǘέ

Wizard of Oz Studies

Expert peeks through a keyhole, plays assistant role



Evidential distinctions identified 
ÂSearch: e.g., exploring of multiple menus

ÂIntrospection: e.g., sudden pause, slowing of command 
stream

ÂFocus of attention: e.g, selected objects

ÂUndesired effects: e.g., command/undo, dialogue opened 
and cancelled

ÂInefficient command sequences

ÂSyntactic / semantic content of file

ÂGoal-specific sequences of actions



Pause after

Activity

User Needs

Assistance

Building Bayesian user model

H., Breese, Heckerman, et al.The LumiereProject: Bayesian User Modeling for Inferring the Goals and Needs of Software Users.UAI 1998.

http://research.microsoft.com/en-us/um/people/horvitz/lumiere.HTM
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H., Breese, Heckerman, et al.The LumiereProject: Bayesian User Modeling for Inferring the Goals and Needs of Software Users.UAI 1998.
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Building Bayesian user model



Chart wizard Consolidation

3D cell reference

Group mode

External reference
Repeated chart

change

Repeated chart

create/delete

Leading spaces

Use query

Multicell selection Repeated

print / hide Rows

User background

Adjacent conceptual

granularity

Database defined

Hierarchical

presentation

Primary goal

Pivot wizard

Lumière Bayesian Net



Atomic Events Modeled Events

Time

Event

Source 1

Event

Source 2

Event

Source n

Eve 

Event-Specification

Language

Event Streams and Architectures

H., Breese, Heckerman, et al.The LumiereProject: Bayesian User Modeling for Inferring the Goals and Needs of Software Users.UAI 1998.

http://research.microsoft.com/en-us/um/people/horvitz/lumiere.HTM


Sensed actions



Sensed actions



Sensed actions

Userôs query



Prob. user desires assistance



Prob. user desires assistance



Video: Lumiere

http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
http://research.microsoft.com/en-us/um/people/horvitz/lumiere.mpg
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Efforts with Mix of Initiatives

H. Reflections on Challenges and Promises of Mixed-Initiative Interaction, AAAI Magazine28, 2007.

http://research.microsoft.com/en-us/um/people/horvitz/mixed_initiative_reflections.pdfhttp:/research.microsoft.com/en-us/um/people/horvitz/mixed_initiative_reflections.pdf


In-stream supervision

Lookout (1998)

Ą Infer p(goal = schedule | E)

H.Principles of Mixed-Initiative User Interfaces. CHI 1999.

http://research.microsoft.com/en-us/um/people/horvitz/chi99horvitz.pdf
http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM


In-stream supervision Á Do nothing?

Á Engage user? (and when?)

Á Just do it?

Lookout (1998)

Ą Infer p(goal = schedule | E)

H.Principles of Mixed-Initiative User Interfaces.CHI 1999.

http://research.microsoft.com/en-us/um/people/horvitz/UIACT.HTM
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Video: Lookout system

http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv
http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv
http://research.microsoft.com/en-us/um/people/horvitz/lookout_video_horvitz.wmv


TV commercial (1999)

http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv
http://research.microsoft.com/en-us/um/people/horvitz/eric_horvitz_lookout_commercial.wmv


Architecture for conversation (1999)

Extending mixed-initiative interaction                                 
to hierarchies of contribution

H.. Paek. A Computational Architecture for Conversation. User Modeling 1999

Paek, H. Conversation as Action Under Uncertainty, UAI 2000

http://research.microsoft.com/en-us/um/people/horvitz/converse.htm
http://research.microsoft.com/en-us/um/people/horvitz/conuncertain.htm
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Userôs Goal

Goal 1 Goal n

Subgoal 11

Subgoal 1x1 Subgoal 1xy

Subgoal 1x

Level 1

Level 3
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VOI

Level 0

Bayesian Receptionist (2000) 



Advances in Core Capabilities



Fuse vision, acoustics, activity with computer (Seer, ICMI 2002)

ĄRepresentation, learning, inference

Vision

Acoustics

Activity

Higher-level situation

Time

Core Fabric: Multisensory Fusion

Oliver, H., Garg. Layered Representations for Recognizing Office Activity, ICMI 2002. 

http://research.microsoft.com/en-us/um/people/horvitz/seer.HTM


Guide computation to where it counts (S-SEER, ICMI 2003)

Compute expected value of information
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Oliver, H. Selective Perception Policies for Limiting Computation in Multimodal Systems: A Comparative Analysis, ICMI 2003

Core Fabric: Selective Perception

http://research.microsoft.com/en-us/um/people/horvitz/selectpercept.htm
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Oliver, H. Selective Perception Policies for Limiting Computation in Multimodal Systems: A Comparative Analysis, ICMI 2003

DC:   Distant Conversation

NP:   Nobody Present

O:     Other

P:      Presentation

FFC:  F-F Conversation

WC:   Working on computer

PC:    Phone Conversation

Guide computation to where it counts (S-SEER, ICMI 2003)

Compute expected value of information

Core Fabric: Selective Perception

http://research.microsoft.com/en-us/um/people/horvitz/selectpercept.htm


Core Fabric: Tools for Multisensory Prototypes



Video: Sensing Smartphone (2000)

Hinckley, Pierce, Sinclair, Horvitz. Sensing Techniques for Mobile Interaction, UIST 2000

Core Fabric: Tools for Multisensory Prototypes

http://research.microsoft.com/~horvitz/cphone_2000.mp4
http://research.microsoft.com/~horvitz/cphone_2000.mp4
http://research.microsoft.com/~horvitz/cphone_2000.mp4
ftp://ftp.research.microsoft.com/pub/ejh/PPC-Sensing_color.pdf


Video: Surface computing (2004)

Wilson, Sarin.BlueTable: Connecting Wireless Mobile Devices on Interactive Surfaces Using Vision-Based Handshaking, GI 2007   

Olwal, Wilson.SurfaceFusion: Unobtrusive Tracking of Everyday Objects in Tangible User Interfaces, GI 2008.

Wilson. PlayAnywhere: A Compact Tabletop Computer Vision System, UIST 2005

Core Fabric: Tools for Multisensory Prototypes

file://research/root/web/external/en-us/UM/People/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/horvitz/surface_computing.wmv
http://research.microsoft.com/en-us/um/people/awilson/publications/WilsonGI2007/WilsonGI2007.html
http://research.microsoft.com/en-us/um/people/awilson/publications/OlwalGI2008/OlwalGI2008.html
http://research.microsoft.com/en-us/um/people/awilson/publications/WilsonUIST2005/WilsonUIST2005.html


Core Fabric: Probabilistic Fusion of Signals

Toyama, H. Bayesian Modality Fusion: Probabilistic Integration of Multiple Vision Algorithms for Head Tracking. ACCV 2000.

http://research.microsoft.com/en-us/um/people/horvitz/Bayesian_modality_fusion.pdf
http://research.microsoft.com/en-us/um/people/horvitz/modfusion.htm


Core Fabric: Probabilistic Fusion of Signals
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Core Advances in Perception
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Core Advances in Perception

right
elbow

right hand

left
shoulderneck

Shotton, Fitzgibbon, Cook, et al., Real-Time Human Pose Recognition in Parts from Single Depth Images, CVPR 2011. 

http://www.msr-waypoint.net/pubs/145347/BodyPartRecognition.pdf


Core Advances in Perception

Shotton, Fitzgibbon, Cook, et al., Real-Time Human Pose Recognition in Parts from Single Depth Images, CVPR 2011. 

http://www.msr-waypoint.net/pubs/145347/BodyPartRecognition.pdf


Core Advances in Perception
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Understanding Human Cognition
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Opportunity: Complementary Computing

Direction: Augment human cognition

Studies of Attention & Memory

Human Cognition
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Opportunity: Complementary Computing

Direction: Augment human cognition

Models of Attention

Human Cognition

H, Kadie, Paek,Hovel. Models of Attention in Computing and Communications: From Principles to Applications, CACM 46(3) 2003.

http://research.microsoft.com/~horvitz/Models_of_attention_in_computing.pdf


Predict Cost of Interruption 

ICMI 2003

H., Apacible, Koch. BusyBody: Creating and Fielding Personalized Models of the Cost of Interruption, CSCW 2004.2004.

H., Apacible. Learning and Reasoning about Interruption. ICMI 2003

http://research.microsoft.com/en-us/um/people/horvitz/busybody_cscw.htm
http://research.microsoft.com/en-us/um/people/horvitz/learninterrupt.htm
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H., Apacible, Koch. BusyBody: Creating and Fielding Personalized Models of the Cost of Interruption, CSCW 2004.2004.

H., Apacible. Learning and Reasoning about Interruption. ICMI 2003
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Leveraging Models of People



H., Jacobs, Hovel. Attention-Sensitive Alerting. UAI 1999.

Priorities (1999)
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Learn to sort & route email by urgency

http://research.microsoft.com/en-us/um/people/horvitz/attend.HTM


H., Jacobs, Hovel. Attention-Sensitive Alerting. UAI 1999.

Priorities (1999)

Learn to sort & route email by urgency

http://research.microsoft.com/en-us/um/people/horvitz/attend.HTM


Desktop activity

Calendar Ambient

acoustics

Accelerometer

data

Video 

analy

sis

LocationEmail

Background 

Query

Financial

Information

Sources

News

Messenger

Error

Messages

DocWatch

Telephone

Lookout

Notification 

Manager

Notification

Preferences

Context

Whiteboard

Context Server

Context

Sources

Pocket PC

Devices &

Rendering

Desktop

Home

Desktop

Office

Cell Phone

Voicemail

XML 

Notification Schema

XML

Device Schema

Notification Platform (2000)

H, Kadie, Paek,Hovel. Models of Attention in Computing and Communications: From Principles to Applications, CACM 46(3). 2003.

Generalize to multiple sources & endpoints


























