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Announcements

= HW3 rubric clarified
http://hci/courses/cs147/assignments/3_discovery.html
= Google groups

http://groups.google.com/group/cs147-tall-2009/
http://groups.google.com/group/cs147-tech-2009/




Questions for today

How do common input devices work?

. How can we think about the larger space of
all possible input devices?

. Can we predict human input performance?

. What about uncommon input devices
(multitouch, tangible intertaces, ...)?

. Will this be on the exam? Yes.




Today’s lecture in graph form
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| think my keyboard is broken.

Whenever | have a few keys pressed down,

some keys suddenly don’t work anymore;
at other times ‘phantom’ characters appear.

What’s going on?
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A Layered Framework
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Mouse. Engelbart and English ~1964

Source: Card, Stu. Lecture on Human Information Interaction. Stanford, 2007.










Right button

Encoder wheel for scrolling

Left button
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Sensing: Rotary Encoder




Sensing: Fwd Rotation
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Sensing: Backwd Rotation
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Solution: Use two out-of-phase detectors




Sensing: Rotary Encoder




Sensing: Rotary Encoder

Coding:
€  HH-LH:dx=1

HH-> HL: dx = -1




Transformation

cx, = max(0, min( sw, cx, +dx*cd))

CY; = ...

cxy: cursor x position in screen coordinates at time t
dx: mouse x movement delta in mouse coordinates
sw: screen width

cd: control-display ratio




Device Abstraction

= Click, DoubleClick, MouseUp, MouseDown,

MouseMove ...




What about optical mice?
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Trackball, Trackpad




Trackpoint

* |ndirect, force sensing, velocity control

Velocity




Joysticks
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A design space of input devices...

Table I. Physical Properties Used by Input Devices

Linear Rotary
Position
Absolute Position P Rotation R
Relative Movement dP Delta rotation dR
Force
Absolute Force F Torque T
Relative Delta force dF Delta torque dT

Card, S. K., Mackinlay, J. D., and Robertson, G. G. 1991.

A morphological analysis of the design space of input devices.
ACMTOIS 9, 2 (Apr. 1991), 99-122.



Linear Rotary
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Source: Card, Stu. Lecture on Human Information Interaction. Stanford, 2007.

Which




Which is faster?

RATE-CONTROLLED
ISOMETRIC
JOYSTICK

TEXT KEYS

Engelbart

Source: Card, Stu. Lecture on Human Information Interaction. Stanford, 2007.




Experiment: Mice are fastest!
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Source: Card, Stu. Lecture on Human Information Interaction. Stanford, 2007.




Fitts’ Law

= Time T, to move the hand to target size S which
is distance D away is given by:

P

T, .=a+ b||og2 (D/S + 1)'

Index of Difficulty (ID)

Only relative precision matters

Source: Landay, James. “Human Abilities”. CS160 UC Berkeley.




5S=4,D=12

5=2,D=6




Fitts’ Law

= Time T, to move the hand to target size S which
is distance D away is given by:

P

Toos =a+blog, (D/S +1)

Device Characteristics
(bandwidth of human muscle group & of device)

a: start/stop time
b: speed

Source: Landay, James. “Human Abilities”. CS160 UC Berkeley.




Bandwidth of Human Muscle Groups
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Source: Card, Stu. Lecture on Human Information Interaction.
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Stanford, 2007.




Why is the mouse fastest?
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T=1.03 +.096 log, (D/S + .5) sec

I,=log, (Dist/Size + .5)

Source: Card, Stu. Lecture on Human Information Interaction. Stanford, 2007.

Why these results?

Time to position mouse
proportional to Fitts’
Index of Difficulty I,.

[i.e. how well can the
muscles direct the input
device]

Therefore speed limit is
in the eye-hand system,
not the mouse.

Therefore, mouse is a
near optimal device.




Fitts’ Law Example

Weekend

Tuesday

Weekend

= Which will be taster on average?

= pie menu (bigger targets & less distance)

Source: Landay, James. “Human Abilities”. CS160 UC Berkeley.




Fitts’ Law in Windows & Mac OS

"' Finder File Edit View Go

About This Mac
Software Update...
Mac OS X Software...

System Preferences...
Dock
Location

Recent Items

Force Quit Finder XOHED
Windows 95: Missed by a pixel Sleep

Windows XP: Good to the last drop Restart...

Shut Down...

Log Out Max Naylor... {3Q

The Apple menuin
Mac OS X vi10.4 Tiger.

Source: Jensen Harris, An Office User Interface Blog : Giving You Fitts. Microsoft, 2007; Apple




Fitts’ Law in Microsoft Office 2007

Customer Impro

Review Vi
References Mailings

References Mailings
Page Layout

Insert Page Layout
4 Elgl u_fl ) Z n !_!DHyperlink
] @l bl 1 r = ﬂ
-4 A& Bookmark & & ||l arial 116~ [A° AT/ |[3= ~
Table Picture Clip Shapes SmartArt Chart J A / o—
%] Cross-reference _
B 7 U - abe X, x’AavaE/’vAv

v Art - ]
Paste
-
s

Links
] Font

Tables Illustrations

Larger, labeled controls can be
clicked more quickly

Clipboard

Magic Corner: Office Button in the

Arial
upper-left corner

B 7

Mini Toolbar: Close to the cursor

Source: Jensen Harris, An Office User Interface Blog : Giving You Fitts. Microsoft, 2007.




Uncommon Input Devices

" Assumptions so far:

= Single user, working in front of a desktop PC
= Main tasks are typing and pointing

» Efficiency rules

hat if we change these assumptions?

Design for enjoyment / engagement

Design tor multi-user scenarios




Position+Orientation: Nintendo Wii

Source: Nintendo, us.wii.com




Camera-based input: |O Brush

I/O Brush

Ryokai & Marti
MIT Media Laboratory (C) 2005

Source: Kimiko Ryokai, http://web.media.mit.edu/~kimiko/iobrush/




Multi-touch

Total Internal
Reflection
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Jeff Han, Perceptive Pixel




Hybrids: Devices on Tables
e 3

Hartmann, Bjérn, Morris, M.R., Benko, H., and Wilson, A.
Augmenting Interactive Tables with Mice & Keyboards. In Proceedings of UIST 2009.




Hybrids: Devices on Tables

Hartmann, Bjérn, Morris, M.R., Benko, H., and Wilson, A.
Augmenting Interactive Tables with Mice & Keyboards. In Proceedings of UIST 2009.




Hybrids: Multi-touch on Mice

FTIR Mouse

)

Applies the principle of Frustrated Total Internal Reflection to illuminate a user’s fingers,
and uses a camera to track multiple points of touch on its curved translucent surface.

Mouse 2.0: Multi-touch Meets the Mouse

Nicolas Villar, Shahram Izadi, Dan Rosenfeld, Hrvoje Benko, John Helmes, Jonathan Westhues, Steve Hodges,
Eyal Ofek, Alex Butler, Xiang Cao and Billy Chen. Proceedings of UIST 2009.
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