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Why?



Application Platform User

1/ Affects all Interactive Systems



ToolboxContext menu HotkeysMenubar

Toolbar
Ribbon

Command line
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We need to:
•  present, organize available commands
•  let users select commands

2/ affect all interaction paradigms
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Folders & Hierarchies



Launch Menu Metro Menu
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Some math...
0.5 seconds
500 million users
5 commands per user per day
= 465 billion seconds per year
= 126 million hours
= 14,400 years

3/ can have a big impact

Technique 1

Technique 2

VS.



4/ Designing usable menu 
systems 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Numerous novel interaction 
techniques

have been proposed in the literature



Goals

Simple Model of Performance

J Scarr, A Cockburn, C Gutwin and P Quinn.  
Dips and Ceilings: Understanding and Supporting Transitions to Expertise in User Interfaces. Proceedings of ACM CHI'2011 
Conference on Human Factors in Computing Systems. Vancouver, Canada. 2011. 2741-2750.
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is it so easy?



Several Modalities?



Several Modalities?

First modality
ex: Menu

Second modality 
ex: Hotkeys



Pe
rf

or
m

an
ce

Time

Menu Hotkey

Learning Time



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2

Modality Switch



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2

Performance Dip

Modality Switch



Pe
rf

or
m

an
ce

Time

Modality 1 Modality 2

Performance dip

M
od

al
ity

 S
w

itc
h

Ultimate performance (M2)

Ultimate performance (M1)

immediate
 usability

Extended Learning

Initial
performance



Pointing Text entry Commands



Pointing Text entry Commands



Outline



Outline

1. Traditional Interaction Technique
2. Novel Interaction Technique
3. Model of Menu Performance



How?

Traditional Interaction Techniques
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Toolbox

Menubar

Context menu

Keyboard shortcuts (hotkeys)
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Toolbox

Menubar

Context menu

Brainstorming (30s) 
Pros & Cons

Keyboard shortcuts (hotkeys)
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Flexibility



36

Several modalities 
Hierarchical organization 

Exploration 
Flexibility

Object <-> Command 
No direct access
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Visible 
Modal commands 
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Visible 
Modal commands 

Object <-> Command 
Small Target 

No text Label 
Occlusion (content area) 

No organization
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Hierarchical organization 
In place 

Contextual 
Transient visualization
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Hierarchical organization 
In place 

Contextual 
Transient visualization

Activation 
Touch screen?
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Direct access (fast) 
Left Hand 

No [keyboard Mouse] transition
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Direct access (fast) 
Left Hand 

No [keyboard Mouse] transition

Recall rather recognition 
Collision & Arbitrary mappings 

Finger coordination 
Require a keyboard 

Focus of attention
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Toolbox

Menubar

Context menu

No ideal solutions

Keyboard shortcuts
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How?
“Novel” Interaction Techniques



Strategies
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Item: geometry

Frequency Ordered menus Split menus
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Item: geometry

Frequency Ordered menus Split menus
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Folded  
Menus

Item: geometry
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Item: Visual cues

icons
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Item: Visual cues

Ephemeral menus 
[Findlater et al. 09]



Strategies
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Strategies
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Square menus (grid layout) 
[Ahlstrom et al. 10]

Menu: Layout
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Pie Menus
[Callahan et al. 08]

Menu: Layout
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Menu: Geometry



Strategies
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Menu: Large number of items
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Menu:  
Large number of items

Fish-eye menus



Strategies
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Strategies
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Expert Mode: Mapping
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Optimus Keyboard







Save
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Save

Save AS

Save All

Primary & Variant



Align Bottom

Align Top

Align Left

Align Right

A

Directional Commands



Close

Open

N

Dichotomous Commands



Why are hotkeys underused?

?
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Mouse

Mouse Selection

Keyboard

Keyboard Selection



Expose and 
Keyboard Selection

Keyboard
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ExposeHotkey (EHK)



⌘⎇2⌘⇧H

⌘W ⌘M

⌘← ⌘D ⌘T

ExposeHotkey (EHK)
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Gestural 
Menu Techniques 
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Marking menus
[Kurtenbach et al. 91]
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Speed & Accuracy 

Learning & Memorization 

Satisfaction 

Other?
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Speed & Accuracy 

Learning & Memorization 

Satisfaction 

Other?

Brainstorming (2 minutes) 
Pros & Cons & Properties (why)
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Speed & Accuracy 
 - Circular design (decrease the average distance) 
 - Scale independence (the size of the marks does not matter) 
 - Expert mode (direct access)  
Learning & Memorization 
 - Spatial memory (orientation) 
 - Muscular memory (fluid transition) 
 - Semantic relationship (open / close) 

Satisfaction 
 - Gestural interaction 

Software adequacy 
 - In place 
 - Eyes-free selection (do not require visual control) 
 - Number of commands (menu depth:3 / menu breadth: 8) 
 - require space 
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Compound marks
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Limitations of Hierarchical Marking

NE-E -NE -E
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Maya 
Marking menus with Linear portions
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Simple marks (Menu depth)



81

Simple marks



82

Simple marks



83

Simple marks



84

Simple marks



85

Simple marks
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Limitation of simple marks?

– forget that I have a mark already ! error 
– (they are “modal”)  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Flower Menus (curved gestures)
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Fame or Shame?
How to predict whether a novel 
menu technique will be efficient?
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Model of Menu Performance

Cockburn, A., Gutwin, C. and Greenberg, S. (2007) 
A Predictive Model of Menu Performance.  
ACM CHI'07. ACM Press, pages 627-636
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Goal:
Select the command “Find”

Novice Users 
1) Localization: Visual search 
2) Pointing task
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Goal:
Select “Find”

Novice Users 
1) Localization: Visual search 
2) Pointing task

Expert Users 
1) Localization: Decision time 
2) Pointing task
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a) Visual search 
b) Decision time 

c) Pointing task 

d) Learning

lo
ca

liz
at

io
n
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Fitts’ Law (Pointing task)
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Fitts’ Law (Pointing task)
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Fitts’ Law (Pointing task)

T = a+ b log2(1+ D/W)

T = a+ b log2(1+ n*h /h)

n: the number of items 
h: item height 

T = a+ b log2(1+ n)
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Visual search

Localization: Novice
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Visual search
T = a+ b * n

Localization: Novice
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Novice: Visual search
T = a+ b * n

Localization

Expert: Decision Time  
(Hyck-Hyman Law)

T = a+ b log2(1/pi)
Pi: probability of the event 
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a) Visual search 
b) Decision time 
c) Pointing task 
d) Learning

Novice: e=0  
(visual search)

Expert: e=1  
(decision time)
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a) Visual search 
b) Decision time 
c) Pointing task 
d) Learning

Novice: e=0  
(visual search)

Expert: e=1  
(decision time)

Tvs = avs + bvs * n
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a) Visual search 
b) Decision time 
c) Pointing task 
d) Learning

Novice: e=0  
(visual search)

Expert: e=1  
(decision time)

Tvs = avs + bvs * n Td = ad + bd * log2(1/Pi)
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a) Visual search 
b) Decision time 
c) Pointing task 
d) Learning

Novice: e=0  
(visual search)

Expert: e=1  
(decision time)

Tvs = avs + bvs * n Td = ad + bd * log2(1/Pi)

Tl = (1-e) * Tvs + e * Td
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Brainstorming (30s) 
Limitations & Possible Improvements
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Semantic

Label 6

Label 7
Label 8

Label 9

Label 1
Label 2

Label 3

Save
Save AsWhere is Save As?



Post-Wimp interaction



Windows Icons Menus Pointer



Not "direct enough"

Indirect interaction through manipulation of interface elements



Not adapted



Not adapted





Tangible interfaces







Adapted from Ishii - © MIT Media Lab



Physical embodiment of digital information and computation



Architecture of Tangible UIs



SenseBoard (2001)



SenseBoard (2001)



I/O Brush (2004)



I/O Brush (2004)



Gestural interaction



Definition

A gesture is a motion of the body that contains information [Kurtenbach]
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Shark 2004/Shapewriter 2007



Why?

- Based on user’s existing drawing and handwriting skills  
[Kurtenbach et al. 94] 

- Physically chunk a command and its operands into a single action [Buxton et al. 
86] 

- Implicit and fast mode switching 

- A lot of works in HCI
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Smartphone



Tabletop



Gaming



Gaming



Movies
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Turn off
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Turn off



Speed & Accuracy 

Learning & Memorization 

Satisfaction 

Other?



Command selectionText entry



Object selection



Object selection



Selection+command in one gesture



Selection+command in one gesture



Challenges

Create a gesture set 

Define a gesture-command mapping 

Imagine that you are designer 

You have a list of 24 commands and 

You want to build a gestural interface

How do you proceed?



Create a gesture set

Symbolic gestures 

self-mapping



Create a gesture set

Abstract Gestures 

‣ + Organization 

‣ + Accuracy 

‣ - Gesture shape suggests no meaning



Define a mapping

User defined gestures 

Capture “natural” mappings 



Define a mapping

User defined gestures 

Capture “natural” mappings 



Define a mapping

Semantic relationships 

Focus on the relation between 

‣ the different gestures 

‣ the different commands 

Highlight: 

‣ Similarity 

‣ Opposition 

‣ etc.

Load

Save

Open

Close

Previous

Save as



Other post-wimp interfaces
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Scratch input



Scratch input













Watch-it



Watch-it



Pinstripe



Pinstripe



- Hiroshi Ishii — Tangible User Interfaces 

- pCubee — University of British Columbia 

- I/O Brush — Tangible Media Group 

- Sense board — Tangible Media Group 

- Shapewriter — Shumin Zhai 

- Marking Menus — Bill Buxton and Gordon Kurtenbach 

- Scriboli — Ken Hinckley 

- Cyclostar — Télécom ParisTech 

- User-defined gestures 

- Foundational Issues in Touch-Surface Stroke Gesture Design 

- Chris Harrison webpage 

- WatchIt — Télécom ParisTech 

- Pinstripe — Aachen University

http://tangible.media.mit.edu
http://hct.ece.ubc.ca/cubee/
http://tangible.media.mit.edu/project/io-brush/
http://tangible.media.mit.edu/project/senseboard/
http://www.shuminzhai.com/shapewriter_research.htm
http://www.billbuxton.com/MMUserLearn.html
http://www.patrickbaudisch.com/projects/scriboli/
http://perso.telecom-paristech.fr/~via/projects/cyclostar
http://faculty.washington.edu/wobbrock/pubs/chi-09.2.pdf
http://hal.inria.fr/docs/00/76/50/46/PDF/fnt-gestures-survey-final.pdf
http://www.chrisharrison.net/index.php/Research/Welcome
http://perso.telecom-paristech.fr/~via/projects/watchit
http://hci.rwth-aachen.de/pinstripe

