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80s : multitouch surfaces

2004 : JazzMutant Lemur

2006  : Jeff Han FTIR

2007 : iPhone

Introduction

Affordable
multitouch screens
(input + output)

2



3

but....

INDUSTRIAL DEVICES : 

Just a few gestures are used

Most of them require a maximum of two fingers

What about research ?

Introduction
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but....

INDUSTRIAL DEVICES : 

Just a few gestures are used

Most of them require a maximum of two one ? fingers

What about research ?

Introduction
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Multi-finger direct manipulation

➡ Just a few propositions... 

Related Work : Gestures

!

Moscovich et al., GI 2006
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«Natural interaction»  

Related Work : Gestures

Wu et al., CHI 2003

Wilson et al., UIST 2008
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๏ Advantages ?

➡ Take advantage of available knowledge

➡ «Could» be easier for novices

๏ Drawbacks ?

➡ still implicit vocabulary (not everything is taken into account)

➡ limited : lack of expressiveness (richness, grammar?) for experts

(music, sign language, ...)

Related Work : Gestures
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Related Work : Gestures

Don Norman (2010) Living with complexity : 

« We seek rich, satisfying lives, and richness goes along with 
complexity »

➡  A solution for Norman : goods designs
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Related Work : Gestures

Back to the past
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Related Work : Gestures

Engelbart (1962) Usability Dilemma  :

High-Performance vs Ease-of-Use

➡ « The high-performance knowledge workers of the future are 
expected to be very skillful »
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Related Work : Gestures

Back to the past
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Related Work : Gestures

Nehendertal (200 000 years ago) :

«Let’s design advanced tools we can learn how to use and master»
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Related Work : Gestures

Absract/iconic gestures vocabularies

Stenotype (225 words/min)

Engelbart’s keyset (1962)
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Related Work : Gestures

Absract/iconic gestures vocabularies

!

Damaraju et al., Tabletop ITS 2008

Right Hand Gesture/Hotkey Mappings 
for all TouchStream and iGesture Products 

w/Firmware v1.28 

Black -- Windows Mode, Defaults 
Left Alt replaces Ctrl -- Unix/BeOS Mode  

Blue -- Macintosh Mode (Cmd replaces Ctrl) 
Red -- Linux/Adobe Mode 

Green -- Emacs Mode (use w/touchstream.el script) 

  
Clipboard, Editing, and Search Gestures

Paste 
Ctrl + V  
Cmd+V  
Shift+Ins

Undo 
Ctrl + Z  
Cmd+Z   

Space 
Yank 
Next 
Alt+Y 

 
Humdinger 
Ctrl + H 
Cmd+D 
Ctrl + R 

Enter
Search 
Next  
Ctrl + G 
Cmd+G 
F3 
Ctrl+N 

Back 
Tab  
Shift+Tab 

Copy 
Ctrl + C  
Cmd+C   
Ctrl+Insert

Tab 
Tab  

Middle 
Click/Drag 
(3-button Mode)

Right 
Click/Drag 
(2-button 
Mode)

Right 
Click/Drag 
(3-button 
Mode)

Cancel 
ESC 
Yank Prev  
Alt- 
Alt+Y

Redo 
Ctrl + Y  
ShiftCmd+Z  
ShiftCtrl+Z 
ShiftCtrl+Z 

Cut 
Ctrl+X 
Cmd+X  
Shift+Del 

 

Search 
Prev 
ShiftCtrl + G 
ShiftCmd+G 
Shift+F3 
Ctrl+P

 
Find 
Ctrl + F  
Cmd+F

File and Window Manipulation Gestures
Print 
Ctrl + P  
Cmd+P  

 
Maximize  
SubWindow  
Ctrl + F10  
Cmd + B   

 
Close App  
Alt + F4  
Cmd+Q  
Ctrl + Q  

 
 
 
 
 

New 
Ctrl + N 
Cmd+N 
Ctrl + T   

Parent Dir 
BackSpace 
Cmd + [  
Alt + Up 

Close File 
Ctrl + F4 
Cmd+W  
Ctrl + W 

 

Previous App  
Alt+Tab 
Cmd+Tab 

Back 
Alt + Left 
Cmd+Left  

 
 
 

Forward 
Alt + Right 
Cmd+Right

Next App  
Shift Alt + Tab  
Shift Cmd+Tab  

 
 
 
 
 

Open File  
Ctrl + O 
Cmd+O  

Refresh/ 
Replace 
Ctrl + R  
Cmd+R    

Save 
Ctrl + S  
Cmd+S   

 

Show Desktop 
 
Win + D 
Cmd + H  

 
Minimize  
SubWindow  
Ctrl + F9 
Cmd+M   

  

Scroll & Zoom

Copyright ©2002 FingerWorks, Inc.  All Rights Reserved.    http://www.fingerworks.com   

Zoom In  
Ctrl+ WheelUp  
Cmd+ = 
Ctrl+ = 

Zoom Out  
Ctrl+ WheelDown 
Cmd+ - 
Ctrl+ -  

Scroll 
Wheel Up/Down

FingerWorks® , 2002

➡ Expressiveness, possibilities

➡ but...Vocabularies are often arbitrarily defined

➡ Hard to learn (not revealing)
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Related Work : Gestures

Absract/iconic gestures vocabularies
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Position : Multi-finger postures

Multi-finger postures
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Contribution 1 : Design Guidelines

Design Guidelines from motor studies

➡ Maximise freedom and available combinations

➡ Minimise discomfort

We start from the «natural» hand posture
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Contribution 1 : Design Guidelines

Design Guidelines from motor studies

Lee et al., 1995, Model-based analysis of hand posture

(interdependance of fingers, angular constraints)

➡ 1: Exclude chord gestures that require lifting either the middle or 
ring finger from the table, without also lifting at least one of their 
neighbors.
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Contribution 1 : Design Guidelines

Design Guidelines from motor studies

Hager-Ross et al., 2000, Quantifying the independence of human finger 
movements

(move without accompanying movement, not to follow other fingers’ 
movements)

➡ 2: Create additional chord gestures by moving the most 
independent fingers, i.e. the thumb, index finger and pinky, 
away from their natural position.
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Contribution 1 : Design Guidelines

Test Vocabulary

Natural !nger position
Independance of Thumb (T)

and Index !ngers

2 !ngers

3 !ngers

4 !ngers
T

T T

T
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Contribution 1 : Design Guidelines

Controlled experiment 1 (with 12 simulated experts) :  

Tactile tool palette vs. multi-finger posture
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Contribution 1 : Design Guidelines

Controlled experiment 1 (with 12 simulated experts) :  

Tactile tool palette vs. multi-finger postures

➡ Smaller completion time

➡ Participants are confident in their performance

➡ but...Much more errors

22



Contribution 1 : Design Guidelines

➡ Even if the users know what gesture to perform, they must learn, 
how to perform it

➡ Systems for learning or guidance ?
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Related Work : Learning

Available systems for guidances

• Out-of-context (Touchghost, Apple...)

• Contextual static cheat sheet (ShadowGuides, ...) / Vocabulary

• Widgets (Bailly et al., Wu et al., ...) / Commands

Apple TrackpadBailly et al., IHM 2008

24



Position : Dynamic, contextual, in-situ

Dynamic / contextual / in-situ guiding techniques (vocabulary)

• feedback + feedforward

• no additional room needed

• fluid novice/expert transition

 

 

Dynamic Guides 

If we examine these two sets of dimensions together, sev-

eral empty spaces are apparent. Feedforward systems pro-

vide either very limited or complete final information; none 

provide intermediate information showing what is left to 

draw among the remaining subset of possible gestures. 

Similarly, feedback systems provide either binary recogni-
tion values, expressed as complete gestures, or percentage 

numeric values. None reveal a graphical representation of 

the recognizer’s state during execution of the gesture. 

Hierarchical marking menus are a good example of dy-
namic feedforward for a simple gesture set. GDT’s class 

window is a good example of gradual feedback. The chal-

lenge is how to continuously issue dynamic feedforward 

and gradual feedback during input. We propose dynamic 

guides as a general approach for providing users with con-

tinuously updated information: feedforward about the 

user’s current set of options and feedback about how well 

the current gesture has been recognized. The next section 

describes the design and implementation of OctoPocus, a 

dynamic guide that accommodates both incremental and 

non-incremental recognition algorithms and can be adapted 

to a wide range of gesture sets, from simple, direction-only 
marks to arbitrarily complex gestures. 

OCTOPOCUS 

Like Marking menus, OctoPocus appears after a “press and 

wait gesture” of approximately 250ms. However, for Oc-

toPocus, both feedforward and feedback are continuously 

updated as the gesture progresses. Novice users may dis-

play a map of all possible gestures and commands, centered 

around the current cursor position, to help them learn the 

associations between gestures and commands. After the 

user selects and begins to make a gesture, less likely ges-

ture guide paths become thinner and disappear. OctoPocus 

reveals each gesture’s ideal future path as well as how the 
current gesture has been interpreted by the recognizer. Be-

cause OctoPocus appears only if the user hesitates, experts 

can execute commands very efficiently, but can slow down 

at any time to see which gestures and commands remain. 

 

Fig. 3: OctoPocus displays three gestures and commands. 

Tracing copy causes paste to disappear and cut to get thinner. 

Fig. 3 shows how OctoPocus appears to a novice user who 

is learning gestures associated with copy, cut and paste. As 

the user begins to follow the copy guide path, the paste path 

quickly disappears and the cut path becomes progressively 

thinner, indicating that it is less likely to be recognized. If 

the user returns to the starting point of the gesture without 

releasing the mouse button, OctoPocus resets itself. 

Feedforward: OctoPocus uses templates to represent each 

gesture class. These may be extracted automatically from a 

set of examples or defined when the gesture vocabulary is 

designed. Each class requires a ‘perfect’ gesture example 

that, if drawn by the user, will lead to perfect recognition. 

All templates begin with a prefix that shares the same start-

ing point radiating from the cursor. After a “press and wait” 

gesture, prefixes of each template appear around the cursor 

and serve as guides for drawing the gesture correctly.  

Fig. 4 shows how a single gesture template evolves. The 

prefix proceeds from the cursor and is rendered in solid 

blue. The associated command always appears at the end of 

the prefix; the rest of the path is translucent. As the user 

moves along the path, the prefix moves accordingly. Sub-

tracting the current input length generates a sub-template 

that represents the remaining path. The prefix length re-

mains constant until the path length is less than its prefix, at 

which point only the remaining path is highlighted.  

 

Fig. 4: The prefix serves as a guide for drawing the gesture 

Feedback: In addition to highlighting the currently recog-

nized command, OctoPocus varies the template path’s 

thickness to indicate the evolving state of the recognition 

process. This requires continuous or discrete values from 
the recognition algorithm. We have adapted OctoPocus to 

work with both non-incremental and incremental recogni-

tion algorithms, using a version of Rubine's algorithm and 

an incremental turning angle representation, respectively. 

Classification algorithms are able to define the closest ges-

ture class for any given input. To reduce inconsistencies, 

they use a distance measure that indicates how well the 

input maps to a specific gesture class. Our Rubine-based 
implementation of OctoPocus uses the Mahalanobis dis-

tance for gradual feedback. Our turning-angle representa-

tion implementation classifies gestures by computing only 

distance.  

Based on these continuous distance values, we compute the 

consumable error rate for each vocabulary class. Note that 

other continuous values could be used,  depending upon the 

recognition algorithm. The consumable error rate corre-
sponds to the remaining amount of possible user error, be-

fore the input can no longer be recognized as a member of a 

given gesture class. We map the consumable error rate onto 

the thickness of the guide. Figure 5 shows the evolution of 

path thickness during input. Initially, all paths have the 

same thickness. The path being followed retains this thick-

ness, since no errors have been made. Other paths that are 

not being followed become progressively thinner as error 

accumulates and then the path finally disappears. 
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Contribution 2 : Dynamic Guide

Arpege :

➡ step-by-step

➡ dynamic

➡ interactive

➡ from little finger to thumb (occlusion)

a) b) c)

1

2
3

4

c u t

c u t

26



Contribution 2 : Dynamic Guide

Arpege guide

-> Movie

paste
copy

copy

cut
cut

cut cut

a) b) c) d)

save
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Contribution 2 : Dynamic Guide

Arpege guide
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Contribution 2 : Dynamic Guide

Arpege Special Cases Open
Save

1)     

1)     

Close

Quit

2)

Joint Paths

Disjoint Paths +
Non-involved finger

Error -> Undo
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Contribution 2 : Dynamic Guide

Select Command

Oslo

Select Command

Oslo

T
T

T

T

Boston Rome Montreal

NewYork Oslo Tokyo

Paris Brussels Rio

Berlin Athens Sydney

a)

b)

Controlled experiment 2 (with 12 participants) :  

Cheat-Sheet vs. Arpege
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Contribution 2 : Dynamic Guide

Controlled experiment 2 (with 12 participants) :  

Cheat-Sheet vs. Arpege

➡ Equal for completion time / Use of help / learning

➡ 3 times less errors with Arpege
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Current work : Multi-Finger Widgets

Categorisation 

➡ inspired by existing widgets

➡ reified usual gestures

➡ motor studies

!"#$%&'()*(#+(&,#-.#%/0+(01(1/+2&'(3$#+($&'!&$%/0+(10'(4/56/2/%#-(/+$.%(

(

78)

(

Figure 6.13 - Bi-digital Marking Menus are activated by the detection of two fingers, 
while different menus can be brought into focus based on finger span. (a-b) Novice 

users see the entire set of marking menus after holding the thumb for at least 500ms; (c-
d) Expert users can immediately initiate the selection stroke without any visual 

feedback of the pie menus. 
(
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Figure 5.8 - (a) Discrete zones used for the ThumbSwitch widget; (b-d) the on-screen 
visualization as the thumb is moved into the different zones. 
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Current work : Multi-Finger Widgets

Multi-finger widgets 
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Conclusion

Multi-finger gestures

➡ Polymorphic learning (commands ? gestures ? mappings ?)

➡ We need a categorisation of learning techniques

static / interactive / reified guides

gestures categorisation (existing and possible)
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