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Interaction

e This is the topic of this Master!



Interaction

e This is the topic of this Master!

o =N

e HCI mostly focuses on input
°* Output for affordances & feedback

e Infovis mostly focuses on output
* Input for steering output



Active Perception



Active Perception

e Perception requires action
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Lederman and Klatzky, 1987 (link)


http://www.queensu.ca/psychology/lederman/Publications/049.pdf

Active Perception

e Perception requires action

Eye movements of a layperson Eye movements of an artist

Vogt and Magnussen 2007 (link)


http://www.interaction-design.org/encyclopedia/philosophy_of_interaction.html

Active Perception

e Perception requires action



http://www.flickr.com/photos/orgnet/sets/72157624656909094/

Active Perception

e Perception requires action

Photo appaloosa (link)


http://www.happytellus.com/gallery.php?img_id=113

Active Perception

e Perception requires action

Bret Victor (link)


http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/
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e Perception requ

Bret Victor (link)


http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/

Active Perception

e Where is the person interacting?




A Definition of interaction

e Static content

Does not change

e Dynamic content .

* Animated content
Changes independently from the user

* Interactive content
Changes as a result of user actions



Why use computer interaction?
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Why use computer interaction?

e Evolution of apple sales? Of bananas?

Fruit Sales 1992-1997

. dates

clementines

bananas

1041992 1393 1994 1995 1396 1997
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60

Dix and Ellis, 1998



Why use computer interaction?

e Evolution of apple sales? Of bananas?

Fruit Sales 1992-1997
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DAYS YOU CAN §

Reykjavik, Iceland

Oslo, Nerway

Yenice, Italy

Sydney, Australia
London, United Kingdom
New York City, USA
Boston, USA

Rome, Italy

Dubai, UAE

* Amsterdam, Netherlands
Tokyo, Japan
Barcelona, Spain
Paris, France
Dublin, Ireland
Moscow, Russia

Rio de Janeiro, Brazil
Montreal, Canada
San Francisco, USA
Chicago, USA

Los Angeles, USA
Berlin, Germany
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100

Gea, India

Hanoi, Vietnam
Marrakech, Moroceo
Manila, Philippines
Cairo, Egypt

Beijing, China

Kiev, Ukraine

Mexica City, Mexico
Banghok, Thailand
Denpasar, Bali

Seoul, South Korea
Hong Kong, China
Singapore

Prague, Czech Republic
Kingston, Jamaica
Buenos Aires, Argentina
Istanbul, Turkey

Santo Domingo, Dominican Republic -
Kuala Lumpur, Malaysia
Cape Town, South Africa
Jerusalem, lsrael



The cheapest

Drive a hard
bargain.

Eat on the cheap.
Eat the local fare.
Delicious.

Don't look for

cheap alcohol. It's
a forlorn hope.

Goa

B Bed $2.69
Goa State Museum (free)
Transport $0.90

B Food $6.74

Hanoi

B Bed $450
Ho Chi Minh Mausoleum (free)
Transport $1.20

B Food $8.64

Marrakech

B Bed $6.19
El Bahia Palace $1.13

Transport $1.69
B Food $12.38

The most expensive

Get the best
het dogs in the
world.

Forget about
the city, explore
the nature.

Visit in the
off-season and
beat the crows.

Reykjavik
B Bed $2671
Blue Lagoon $46.74
Transport $40.90
B Food $30.05

Oslo

B Bed $37.4
Viking Ship Museum $10.13
Transport $12.66

B Food $52.33

Venice

B Bed $2472
Venice museum pass $22.25
Transport $24.12

B Food $30.90
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HOW MANY DAYS FOR $100
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Why use computer interaction?

o — N

e There is too much to be shown
e There are many ways to show it

- Let the user dynamically control
what to show and how



Why use computer interaction?

e There is too much to be shown
e There are many ways to show it

- Let the user dynamically control
what to show and how



Example 1: Brushing
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Example 1: Brushing

17:50



Example 2: Fisheye Views
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Example 2: Fisheye Views

1:08



Example 3: Dynamic Queries

Dynamic
HomeFinder

Reset | Quit |

A Save J‘PrintJ

Dist to A:

Dist to B:




Example 3: Dynamic Queries

Dynamic Queries Demos:
Revised Homefinder
and Text Version

plus Health Statistics Atlas

Ben Shneiderman

COPYRIGHTD 94 UNIVERSITY OF NARYLAND

1:29

Williamson and Shneiderman, 1992



Many interactions techniques
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Taxonomies of interaction

e What?
What is the user doing?

e Why?
Why is the user doing it?

e How?
How is the user doing it?



Taxonomies of interaction

e What?
What is the user doing?

e Why?

e How?



The Visualization Pipeline

Data Yisual Form
. _— TRt
Raw Data Visual Vi
Data () Tables Structnres i
Data Yisual View re
Translormations Mappings Transformations

Human Interaction

Row Dule rduagrcrale loarmets
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[Card, Mackinlay, Shneiderman, Readings in Information Visualization: Using Vision to Think, 1999]
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http://www.aviz.fr/beyond
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1 (% of total aid) 1967 1968 1969 1970 1971 1972 1973 1974 1975 197
2 |Australia 475 332 197 23.7 26.3 30
3 Austria 247 423 135 252 159 48
4 Belgium 845 837 11 114 159 18.
5 Canada 337 386 18 253 841 5.1
Il abstract 6 Denmark 100 100 13.7 19 56 15
visual form 7 |Finland 296 135 141 20.
' " 8 France 629 63.7 468 334 382 38.
9 Germany 546 548 21.7 188 236 18.
10 |Greece
11 Ireland
12 | htaly 20.1 958 39.5
3 Japan 126 123 292 1.08 215 25
14 Luxembourg
15 Netherlands 42 326 124 15 1
16 New Zealand 195 209 515 88
17 Norway 547 488 324 971 574 70
18 Portugal
19 Spain
20 Sweden 326 234 15 13.7 20.7 18.
21 Switzerland 47 46 12 15 8.7 1.
22 |United Kingdom 498 324 159 162 091 0.
j gum«: States | 69.3 64 9.97 7.76 6.1

Jansen and Dragicevic 2013 (www.aviz.fr/beyond)
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Jansen and Dragicevic 2013 (www.aviz.fr/beyond)

2 Austria
3 France

4 Australia

5 jBeIgium

6 Canada

7 Netherlands
~ 8 Italy
~ 9 Denmark
10 United States

11 Norway

1989

12.23
31.87
33.57
29.93
28.11
10.78
6.278
1.485
13.69
14.25

' D |

1990
31.86
34.18
46.93
22.13
25.09
20.12
9.992
1.933
11.25
7.561

1991
31.07
35.95
39.24
17.64
14.35
29.08

9.04
13.52
11.22
8.219

1992
31.57
36.06
23.18
18.52
11.19
8.702
6.076
10.71
11.22
7.255

I

F

1993
24.02
38.78
38.94
17.72
9.291
5.085
15.66
13.01
11.22
3.967

I

G

1994
28.61
40.18
21.38
17.13
21.67
15.12
12.26
4.193
7.992
4.307

H

1995

30.52
32.68

29.1
21.77
17.33
9.117
16.75
7.937
8.465
4.476

1996

4499
39.26
29.43
13.63
13.98
12.48
11.75
4.303
8.409
10.99

J

1997

35.41
43.15
27.97
14.69
25.19
13.75
10.75
11.42
4.702
14.62

K

1998
48.95

439
28.32
20.38
15.66
18.17
17.98
7.581
3.038
9.296
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Taxonomies of interaction

e What?

Task

Taxonomies
e Why?

e How?



Analytical Tasks

e Shneiderman, 1996:

1.

2 WN

G U

Overview: Gain an overview of the entire
collection

. Zoom : Zoom in on items of interest
. Filter: Filter out uninteresting items
. Details-on-demand: Scelect an item or

group and get details when needed

. Relate: View relationships among items
. History: Keep a history of actions to support

undo, replay, and progressive refinement

. Extract: Allow extraction of sub-collections

and of the query parameters



Analytical Tasks

1. Overview

Stephen Few, 2006 (link) Software: TimeSearcher 2


http://www.b-eye-network.com/view/2674

Analytical Tasks

2. Zoom

Stephen Few, 2006 (link) Software: TimeSearcher 2



http://www.b-eye-network.com/view/2674

Analytical Tasks

3. Filter

Stephen Few, 2006 (link) Software: TimeSearcher 2


http://www.b-eye-network.com/view/2674

Analytical Tasks

3. Filter

Stephen Few, 2006 (link) Software: TimeSearcher 2


http://www.b-eye-network.com/view/2674

Analytical Tasks

4. Details on demand
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Stephen Few, 2006 (link) Software: TimeSearcher 2


http://www.b-eye-network.com/view/2674

Analytical Tasks

e Visual Information Seeking Mantra
(Shneiderman, 1996)

Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand
Overview first, zoom and filter, then details on demand



Analytical Tasks

e Amar, Eagan and Stasko, 2005

e Retrieve Value

e Filter

e Compute Derived Value
e Find Extremum

e Sort

¢ Determine Range

e Characterize Distribution
e Find Anomalies

e Cluster



Analytical Tasks

eYi et al, 2007

. Select: mark something as interesting

. Explore: show me something else

. Reconfigure: show me a different arrangement

. Encode: show me a different representation

. Abstract/Elaborate: show me more or less detail
. Filter: show me something conditionally

. Connect: show me related items

NOUMhLhWNE



Taxonomies of interaction

e What?

e Why?

e How?




How?

e Interaction technique
® “An interaction technique is the fusion of
input and output, consisting of all software
and hardware elements, that provides a way

for the user to accomplish a task”
(Tucker, 2004)

e Types of interaction techniques
e Input: mouse, touch, keyboard, speech,...
e Shneiderman: Command-line interfaces
vs. Direct manipulation interfaces



Interaction Styles

Select house-address
From atl-realty-db
Where price >= 200,000 and
price <= 400,000 and

bathrooms >= 3 and
garage == 2 and
bedrooms >= 4




Interaction Styles

Dynamic
HomeFinder

Reset | Quit |

Save ‘ Printl

Dist to A:

Dist to B:

Cost:

N
Look at:




How?

e Interaction technique
® “An interaction technique is the fusion of
input and output, consisting of all software
and hardware elements, that provides a way

for the user to accomplish a task”
(Tucker, 2004)

e Types of interaction techniques
e Input: mouse, touch, keyboard, speech,...
e Shneiderman: Command-line interfaces
vs. Direct manipulation interfaces
® Beaudouin-Lafon: Instruments with different
degrees of directness



Taxonomies of interaction

e What?

e Why?

e How?



Families of infovis interaction
techniques

e Filtering techniques
e Navigation techniques
e Multiple views

e Rearrangement
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Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques
e Multiple views

e Rearrangement



Filtering Techniques

Dynamic
HomeFinder

Reset | Quit |

Save I Print]

Dist to A:

Dist to B:

Bedroons:

| R

Cost:

H =

Look at:




Filtering Techniques

e Dynamic Queries + Rescaling

- Filters F X
Phone Analyzer
Airtime Charges -
» $2000 a 0,00 766,25
+ ' [d |2
=Ra -
: $1500 g_.!-! Total Messaging Char...
0,00 170,80
e ,
=] » K
=
8 Equipment Charges
§ 0,00 499,00
5 ’ X
©
: Total Services Charges
5 042 2040,50
£ 1 AN
b D0 e e S (e e e Bl Ol T e O O S Cost Center
c
Employee Number ";0,000 86‘10‘0
s GROUP
Details _ -
W Datarard
Some fiters are hidden. Show al
Offline  © Details... 1099 of 1099 rows | O marked | 38 columns

Spotfire Software



Filtering Techniques

e Dynamic Queries Specified Visually

Time Searcher (Hocheiser, 2003)



Filtering Techniques

e Dynamic Queries for Volumetric Data

Sherbondy et al, 2004




Filtering Techniques

e Incremental Text Search

>MA. Osopr gints 3TN 2005 1ark, boyz | ) mm 25 Namez Hasag wath
L 000) 500 | 100 | 25 TMAT, par

- milliga bables
£0.000

...

70,000

&0 000

%0.000

e
o

<) 000

10000

[ s —  Matthew

18805 18905 19005 19105 19205 1930s 19405 19505 19605 189705 19803 19903 2003 2005

Name Voyager (Wattenberg, 2005) www.babynamewizard.com


http://www.babynamewizard.com

Families of infovis interaction
techniques

e Filtering techniques /

e Navigation techniques
e Multiple views

e Rearrangement



Problem




Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques

e Multiple views

e Rearrangement



Navigation Techniques

e Pan & Zoom

e Focus + Context



Pan & Zoom
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Pan & Zoom

e 00 7 JDFTimeLine.pdf (page 1 of 1)
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Pan & Zoom
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Pan & Zoom

2 A C0 TP RN

s - __,,f

Courbevoie 3 onenque N ; [
[} AN~ [+ W Porte de DNs :
AN -%‘5 Clignancourt] ' ore.de la \ ' g POVE

o+ Place, : Chapelle AL ne
“U, Charias  Levallois- Perret g ometiey 18e 5 ; \‘ pamn .
v “n p9ce Z - Parc Henni
! a’\ / o Batignolies Goutte d'Or / '\Barbusse > Romainvihe

99 Puteaux Neuilly-sur-Seine

' 17e 19e N - Leslilas
C /= mE ! N
D ! / [T S 9e ¥;
y o e .
’ Porte 8e DENeVIN ‘g A186
gresn [N185 | p Dauphine - o ajjio 2e %‘
i 13(:\43’:;”3?e 1€ Y et Musee du - 3e 20e g Montreuil
Boulogne 7 Louvre o \ 1le 18 e
/ P a - | woe &
/// Faubourg i , ? ‘d \
Auteusd Saint-Germain 6e < ardin
ud & =24 . Se A\ Emile Gallé " Vmcer:nes
. A f s ; [ TAv =Y
Boulg ne-Blllancourt / : ' Saint-Mandé ~
! Javel 15e Montparnasse \ 12e f N —~ 4%-" A\
el \ g o1
Salnl C,OUd‘\ wpav \Be(c‘f 1 X L :
o5 2 "fp l4e 13e XS ;
Jor 6& Quartier \ EQ ~ Bors de /
/ B 0,\ Petit-Montrouge de la Gare g\\‘/“;‘\i A o2 Vincennes K
o o -les-Moulineaux % . e e A
\‘;Y Issy-les e «_ Parc-de:Montsouris \/QC % \\ g \
es ~ m/qs Charenton-le-Pont- - L
~
- Montrouge " 3= =7 i : ‘;Wm“
Meudon ol iy SR Genully Ivry-sur-Seine \%
° m 1) > ‘\ I
N
|t i | Chatillon g Arcueil o7 \
2km U™ o (N s e Maisons-Alfort



Pan & Zoom

e Semantic Zoom
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Pan & Zoom

e1-D Zoom
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Pan & Zoom

e 1-D Semantic Zoom

Qualitative attributes are displayed as If more space gets available, the heights of the
colored horizontal bars in low zoom levels bars represent the ordinal scale of the data

Low zoom
level

(o)

Raw quantitative attributes
are represented as line-charts
in higher zoom levels

... or small colored lines mark the
points in time where the data leave one
qualitative level and enter another

Qualitative attributes are displayed as
colors beneath the line chart in this
zoom level ...

Bade et al, 2004 - MIDGAARD (link)


http://www.infovis-wiki.net/index.php?title=MIDGAARD

Pan & Zoom

e Space-Scale Diagrams

l / |
2 II 7 "
/ /§
W d // .
l | vZ |
1. Pan
2. Zoom

3. Pan and zoom

Furnas and Bederson, 1995
Space-Scale Diagrams: Understanding Multiscale Interfaces (link)


http://www.sigchi.org/chi95/proceedings/papers/gwf_bdy.htm
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Navigation Techniques

e Pan & Zoom

e Focus + Context




Focus + Context

e Space Distorsion

Sarkar and Brown, 1992



Focus + Context

e Space Distorsion

FreeAgen
Free Mexhant Business
Free Shop

Furniture
Garden
Gateway 2000
C Georgla Tech
D Google Search
E Guru Net
G HiFi
'“ HotJobs
N Hot Office
P |CQ Online Communication
S Info Space
Internet Movie Database
U iavc Shopping
Land's End

Lonely Planot

Lycos

Massachusetis Inssfiute of Techro bgy
MoAse Aai-Ves

Aeaais Sheaping v

Bederson, 2000 e




Focus + Context

e Space Distorsion

Mackinlay, Roberston and Card, 1991



Focus + Context

istorsion

e Space D

Elmqvist et al, 2010



Focus + Context

* Space D|storS|on
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Brosz, Carpendale and Nacenta, 2011



Focus + Context

e Table Lens

it Inxight Table Lens - [foremost. txt]

) Ee Edt View Iock Optors Window Heb

=18] x|

B e | B RRB | E inxight 4= ]
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= e B =
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4 ; - 0
44511993 4 ForeCode Pro VAR West Ann Thomas || 302 122310 51371
. e -
446 | 1993 3 ForeMostS DirectSaIes Midwest Sal Vitatone || 301 2 8595e+006 929338
. — — - 1 ' -
447 |1 1993 3 FoLeMostS . VAR South Gary Copper || 301 27092+006 948150

Rao and Card, 1994




Focus + Context

e Generalized Fisheye Views

(c) The Fisheye DOI:
DOlyeyeiron) (XI.5Y) = API(x) — D(x,y)

= —( dyge(X,Y) + dyge(x,ro0t) )
root
-3
| I I
-5 -5 -3
I | I I I | I I I
-1 =-1_ ~-1_ -1_ -1_ -1_ =3 _ -5 -5
/N U I A A R Y A AN N A A (N N Y A N Y A AN AN N A N A
-9-9-9 -9-9-9 -9-9-9 -9-9-9 -9-9-9 -9-9-9 -3-5-5 -7-7-7 -7-7-7
Y

"current focus"

Furnas, 1986
Generalized Fisheye Views



Focus + Context

e Generalized Fisheye Views

Pattern of Influence
, on the Observer:
Fisheye Subset of

entities A

observer

Furnas, 2010
A Fisheye Follow-Up: Further Reflections on Focus + Context



Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques J

e Multiple views

e Rearrangement



The cheapest

Drive a hard
bargain.

Eat on the cheap.
Eat the local fare.
Delicious.

Don't look for

cheap alcohol. It's
a forlorn hope.

Goa

B Bed $2.69
Goa State Museum (free)
Transport $0.90

B Food $6.74

Hanoi

B Bed $450
Ho Chi Minh Mausoleum (free)
Transport $1.20

B Food $8.64

Marrakech

B Bed $6.19
El Bahia Palace $1.13

Transport $1.69
B Food $12.38

The most expensive

Get the best
het dogs in the
world.

Forget about
the city, explore
the nature.

Visit in the
off-season and
beat the crows.

Reykjavik
B Bed $2671
Blue Lagoon $46.74
Transport $40.90
B Food $30.05

Oslo

B Bed $37.4
Viking Ship Museum $10.13
Transport $12.66

B Food $52.33

Venice

B Bed $2472
Venice museum pass $22.25
Transport $24.12

B Food $30.90

AN
~—
o
AN
)
9
>
(@]
[o)
>
@©
| -
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Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques

e Multiple views

e Rearrangement
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Problem

Where am 1I?
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verview + Detail

Panning a large graph
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Overview + Detail

Panning a line chart
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Overview + Detail

Browsing Multiple Views

3
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Overview + Detail

Browsing Multiple Views

1989 1990 1991 1592 1993 1994 1995 1996 1997 1968
we «» BN EuemnlnN
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Jansen et al, 2013
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Problem

Rogowitz and Treinish,



MuItipIe Views
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Magic Lenses

(Xia & Karlen’s Presentation)
25

Bier et al, 1993



Magic Lenses

Movable filters for dynamic queries

Fishkin and Stone, 1995



Magic Lenses

Excentric Labeling

o
Marc Nana@ ———#—g ‘r . Peter Numberg
Brigitte Daniel Il { — John J. Leggett
o Widoft} — R ‘alery M. Chelnokov
P Da\gd Stotts e > Catherine C. Marshall
o
O
o

Fekete and Plaisant, 1999



Magic Lenses

Color lenses

Elmquist et al, 2010




Magic Lenses

Edge lenses

L AN L IATEURW 1 LT

in

on
iIa
Incsor

Wong, Carpendale and Greenberg,



MuItipIe Views
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Problem

3 S X 8 3 2

Heer and Roberston, 2007



MuItipIe Views
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Coordinated Views

Brushing & Linking Scatterplots
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Coordinated Views

Brushing Parallel Coordinates

\
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MPG Cylinders Horsepower Weight




Coordinated Views

Brushing Parallel Coordinates

46.6 8.0 230.0 5140.0 82




Coordinated Views

Brushing & Linking Histograms

EDUCATION:

e

INCOME: 12,571 - 25,427

.iJLII d a

Figure 8: Brushing Histograms

Chris North, 2001



Coordinated Views

Brushing & Linking Everything
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Turkay et al, 2010



Coordinated Views

Colored Brushing & Linking

Chris North, 2001



Coordinated Views

Linking with Dynamic Queries
o Spatue o oo Mm@
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Spotfire Software
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Problem

3 S X g .3 2

Heer and Roberston, 2007



Multiple Views
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Animated Transitions 00:19

Heer and Roberston, 2007



Animated Transitions

With coordinated views

ﬁ portrast-blue-eyes png

Histomages (Chevalier et al, 2012)



Families of infovis interaction

techniques

e Filtering techniques

e Navigation techniques

>

& * Multiple views
e Rearrangement

Overview + Detail
Magic Lenses
Coordinated Views
Animated Transitions




Families of infovis interaction
techniques

e Filtering techniques
e Navigation techniques

e Multiple views

e Rearrangement




Rearrangement

Interactive Stacked Histograms

Fruit Sales 1992-1997

. dates
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Dix and Ellis, 1998



Rearrangement

Interactive Stacked Histograms

Fruit Sales 1992-1997

60 . dates
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Dix and Ellis, 1998



Rearrangement

Time-Series Alignhment
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Rearrangement
Sorting

it Inxight Table Lens - [foremost. txt]
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Rao and Card, 1994




Rearrangement

Matrix Reordering

Bertin, 1977
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Rearrangement

Star Coordinates
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Kandogan, 1992



Rearrangement
Star Coordinates

acceleration

displacement

Kandogan, 1992



Rearrangement

Star Coordinates

origin C1
o (horsopowor model.year
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displacement

Kandogan, 1992



Rearrangement

&' oduct 19

J- ital VWhole Grain
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Dust & Magnet
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Fat

Yi et al, 2005



Rearrangement




Families of infovis interaction
techniques

e Filtering techniques
e Navigation techniques

e Multiple views

e Rearrangement /




Families of infovis interaction
techniques

e Filtering techniques
e Navigation techniques
e Multiple views

e Rearrangement

e Pitfalls
e Beyond the desktop



Pitfalls

#1 - Interaction cannot fix bad
visualizations




Pitfalls

#2 - Controls take screen real-estate
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Pitfalls

#3 - Direct manipulation and gestures
are rarely not self-explanatory

Gy 2

Drag

&



Beyond the Desktop

720-750
650 - 690

“!z A EE X

office chair (DIN 4551)

(Yang & Lu’s presentation)



Touch Devices

Sadana and Stasko, 2013



Tabletop Devices

Isenberg and Carpendale, 2008



Wall-Sized Displays

IS 3

IO EnDD 3
oo s i Jai Jia

WILD Display - Digiscope



Wall-Sized Displays

[Isenberg et al. , Hybrid Images for Large Viewing Environments, InfoVis’13]
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[Isenberg et al. , Hybrid Images for Large Viewing Environments, InfoVis’'13]
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Physical Visualizations

e Physical can outperform virtual

(Giang & Vitale's
presentation)




Hybrid Systems

[Kruszynski & van Liere, Tangible Props for Scientific Visualization, Virtual Reality 13 (4) 2009]



Hybrid Systems

[Stefaner & Hemmert, emoto data sculpture, http://www.nand.io/visualisation/emoto-installation]



http://www.nand.io/visualisation/emoto-installation

Hybrid Systems

[PARM: Projected Augmented Relief Models, University of Nottingham, 2012]



Hybrid Systems

Relief (Leithinger et al, 2009)



Hybrid Systems

1.47 Inform (Leithinger et al, 2013)



Data Physicalization

dataphys.org/list

[Mark Wilson. How GM is saving cash using legos as a data viz tool. April 2012]


http://dataphys.org/list

