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This lecture is heavily inspired from slides by Pierre Dragicevic, Jean-Daniel Fekete,
Yvonne Jansen and John Stasko. Thanks to all of them for sharing their material.



INTERACTION

—

HCI research mostly focuses on input
e output for affordances & feedback

Infovis research mostly focuses on output
* input for steering output



ACTIVE PERCEPTION

Perception requires action
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Lederman and Klatzky, 1987 (link)


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

ACTIVE PERCEPTION

Perception requires action

Eye movement of a layperson

Eye movement of an artist

Vogt and Magnussen 2007 (link)


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

ACTIVE PERCEPTION

Perception requires action

(Mul]) sgauy sipjep



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

ACTIVE PERCEPTION

Perception requires action

Bret Victor (link)


http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/

ACTIVE PERCEPTION

Perception requires action

y
4

)
//
F 4
l“

Bret Victor (link)


http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/

ACTIVE PERCEPTION

Where is the person interacting?
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A DEFINITION OF INTERACTION

Static content

Does not change

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?

Evolution of apple sales? Of bananas?

Fruit Sales 1992-1997

. dates
I:I clementines

1992 1993 1994 1995 1996 1997

Dix and Ellis, 1998



WHY USE COMPUTER INTERACTION?

Evolution of apple sales? Of bananas?

Fruit Sales 1992-1997

. dates
|:I clementines

<

1992 1993 1994 1995 1996 1997

Dix and Ellis, 1998



Reykjavik, Iceland
Oslo, Norway
Venice, ltaly

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 Angsles, USA
Berlin, Germany

Goa, India

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

Beijing, China

Kiev, Ukraine

Mexico City, Mexico
Bangkok, Thailand
Denpasar, Bali

Seoul, South Korea
Hong Kong, China
Singapore

Prague, Czach Republic
Kingston, Jamaica
Buenos Alres, Argentina
Istanbul, Turkey

Santo Domingo, Dominican Republic
Kuala Lumpur, Malaysia
Capa Town, South Africa
Jerusalem, Israel







HOW MANY DAYS FOR $100
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WHY USE COMPUTER INTERACTION?

nere is too much to be shown

nere are many ways to show it

—> |et the user dynamically control
what to show and how



EXAMPLE 1: BRUSHING

TENSILE STRENGTH

ADRASION LOSS

Beker and Cleveland, 1987



EXAMPLE 1: BRUSHING
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Beker and Cleveland, 1987



EXAMPLE 2: FISHEYE VIEWS

Sarkar and Brown, 1992 (see also Furnas, 1986)




EXAMPLE 2: FISHEYE VIEWS

Sarkar and Brown, 1992 (see also Furnas, 1986)




EXAMPLE 3: DYNAMIC QUERIES
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Williamson and Shneiderman, 1992
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EXAMPLE 3: DYNAMIC QUER

Williamson and Shneiderman, 1992




MANY INTERACTION TECHNIQUES




TAXONOMIES OF INTERACTION

What?
What is the user doing? «

Why?
Why is thelUse

How?

’

How is the user dc
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TAXONOMIES OF INTERACTION

| What is the user doing? «
Dt '
Why? o,

VVhy is the use

How?

How is the user dc



THE VISUALIZATION PIPELINE
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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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Education aid
T 1 (% of total aid) 1967 1968 1969 1970 1971 1972 1973 1974 1975 197

2 Australia 475 332 19.7 23.7 26.3 30.

3 |Austria 247 423 135 252 159 4.8

4 |Belgium 845 837 11 114 159 18.

5 | Canada 33.7 386 18 253 841 5.1

[II' abstract] % 'Denmark 100 100 137 19 56 15.
8

9 |

0

K

visual form Finland 296 135 14.1 20.
France 62.9 63.7 46.8 334 38.2 38.
Germany 546 548 21.7 188 236 18.
" 10 Greece

N 11 Ireland

12 ltaly 20.1 95.8 39.5

13 Japan 126 123 292 108 215 25

[E processed 14 |Luxembourg
17 |Norway 54.7 48.8 324 971 574 7.0
18 Portugal
9
20
21 Switzerland 47 46 12 15 87 11.
@mwdata 2 | United Kingdom 498 324 159 162 091 O.
United States | 69.3 64 997 7.76 6.1

data 15 Netherlands 42 326 124 15 1
19 |Spain
v 24 T

16 New Zealand 19.5 209 5.15 8.8
data
transformatio
v Sweden 326 234 15 13.7 20.7 18.
Jansen anad Dragicevic 2013 (www.aviz.fr/beyond)
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1 A B[ C B E F ] G [ HJ T J K
1 1889 1990 1991 1992 1993 1994 1995 1996 1997 1998
2 Austria 12.23 3186 3107 31.57 24.02 2861 3052 4499 3541 4895
3 France 31.87 34.18 35.95 36.06 3878 40.18 32.68 39.26 13.15 43.9
4 Australia 33.57 46.93 39.24 23.18 3894 2138 29.1 29.43 27.97 28.32
5 Belgium 29.93 22.13 17.64 1B.52 17.72 17.13 21.77 13.63 14.69 20.38
6 Canada 2811 2509 1435 1119 9291 21.67 1733 1398 2519 15.56
7 Netherlands 1078 20.12 28.08 8702 5085 15.12 9.117 1248 13.75 18.17
8 ltaly 6.278 5.992 9.04 6.076 15.66 12.25 16.75 11.75 10.75 17.98
9 Denmark 1485 1.933 13.52 10.71 13.01 4.193 7.537 4.303 1142 7.581
10 United States  13.69 1125 1122 11.22 11.22 7992 8465 8409 4.702 3.038
11 Norway 14.25 7.56. B.219 7.255 3.967 4.307 £4.476 1099 1462 9.296

Jansen ana Dragicevic 2013 (www.aviz.fr/beyond)
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TAXONOMIES OF INTERACTION

| o = ___ A——— ~—!l
- What? |
What is the user doing? |
\ | Task
\ ] Taxonomies
- Why? i
. = |
Why is the user doing it? |
How?

How is the user doing it?



ANALYTICAL TASKS

Shneiderman, 1996

1. Overview: Gain an overview of the entire collection

2. Zoom: Zoom in on items of interest

3. Filter: Filter out uninteresting items

4. Details-on-demand: Select an item or group and get
details when needed

5. Relate: View relationships among items

6. History: Keep a history of actions to support undo, replay,
and progressive retinement

/. Extract: Allow extraction of sub-collections and of the
query parameters



ANALYTICAL TASKS

1. Overview
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Stephen Few, 2006 (link) Software: TimeSearcher 2


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

ANALYTICAL TASKS

2. /oom
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Stephen Few, 2006 (link) Software: TimeSearcher 2



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

ANALYTICAL TASKS

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

ANALYTICAL TASKS

Amar, Eagan and Stasko, 2005

e Retrieve value

e Filter

e Compute Derived Value
e Find Extremum

e Sort

e Determine Range

e Characterize Distribution
e Find Anomalies

e Cluster



ANALYTICAL TASKS

Yi et al., 2007

e Select: mark something as interesting

e Explore: show me something else

e Reconfigure: show me a different arrangement

e Encode: show me a difterent representation

e Abstract/Elaborate: show me more or less details
e Filter: show me something conditionally

e Connect: show me related items



TAXONOMIES OF INTERACTION

What?
What is the user doing? 4

Why?
Why is the

How?

How is the user dc
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HOW?

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"

Types of interaction techniques

Input: mouse, touch, keyboard, speech, ...
Shneiderman: command-line interfaces vs. direct
manipulation intertaces



INTERACTION STYLE

Command-line interface

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 STYLE

(In)direct manipulation
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FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Filtering techniques
Navigation techniques
Multiple views

Rearrangement
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FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Navigation techniques
Multiple views

Rearrangement



DYNAMIC QUERIES
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DYNAMIC QUERIES + RESCALING
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Details
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DYNAMIC QUERIES SPECIFIED VISUALLY

Time Searcher (Hocheiser, 2003)



INCREMENTAL TEXT SEARCH

www.babynamewizard.com

Name Voyager (Wattenberg, 2005)




FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Filtering techniques

Multiple views

Rearrangement
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PAN & ZOOM

*glonal au ery-sur- o€
~Xin francais Dammartin-en-Goe! &

Taverny Domont Goussainvilie

Jouy-le-Moutier ' .
Satellite

|

.V 2 Y Al ,
I'es Conflans-Sainte-Honorine Sarcelles

Mureaux N Mitry-Mon _
Andrésy y y Traffic

{ © Garges-les-Gonesse
rgenville :
& Argenteuil

. . oy enila + Claye-Souilly
Saint-Denis~ Aulnay-sous-Bois

e Asnieres-sur-Seine

Bobigny
Nanterre Villette
Chateau de L A Chelles
Bagatelle o Montreul
Beynes Auteuil Pafis
- Nogent-sur-Marne
laici Le Cheshay
Plaisir Ivry-sur-Seine

Pontcljartrain Versailles Clamart 5 Pontault-Combault

Cretell

Lagny-sur-Marne

Torcy

Serris

naury Trappes Robinson

Antony Ozoir-la-Ferriere
Coilgnieres

v Or \ A
M Y Gretz-Armainvilliers
vé]SS

Palaiseau aals Presles-en-Brie

: Gif-sur-Yvette s Mons

en-Yvelines : Ay —=p
TN Brie-Comte-Robert

Les Ulis Savigny-sur-Orge

S mi = A Coubert

Viry-Chatillon N =

e Forét de Soignolles-en-Brie
Jillet Limours .,

Map data ©2013 Coogle - Edit in Google Map Maker Report a problem




PAN & ZOOM
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PAN & ZOOM: 1D-ZOOM
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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

v Caacmal e B ¢ e v ==
— — . i
=
T i — -
-

High zoom |
level ' !

Raw quantitative attributes Qualitative attributes are displayed as ... or small colored lines mark the
are represented as line-charts colors beneath the line chart in this points in time where the data leave one
In higher zoom levels zoom level ... qualitative level and enter another

Bade et al, 2004 - MIDGAARD (link)


http://www.infovis-wiki.net/index.php?title=MIDGAARD
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FOCUS+CONTEXT: SPACE DISTORTION

e -
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Bederson, 2000



FOCUS+CONTEXT: SPACE DISTORTION
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FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Filtering techniques

Navigation techniques

Rearrangement
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OVERVIEW+DETAILS PANNING A LARGE GRAPH
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OVERVIEW+DETAILS PANNING A LINE CHART
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OVERVIEW+DETAILS BROWSING MULTIPLE VIEWS

MP G

WEsiee

R » Cvlinders

-
@
>
-
Q
O
@
@
O

L

L

* .

SPELMON IR

.E.
adis,

200 300 400
e Displacement




OVERVIEW+DETAILS BROWSING MULTIPLE VIEWS
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PROBLEM

Rogowitz and Treinish, 1995
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MAGIC LENSES

Movable tilters for dynamic queries

Fishkin and Stone, 1995



MAGIC LENSES

Excentric labeling
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MAGIC LENSES

Color lenses




MAGIC LENSES

Edge lenses
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PROBLEM

Heer and Roberston, 2007



BRUSHING & LINKING SCATTERPLOTS
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BRUSHING PARALLEL COORDINATES




BRUSHING PARALLEL COORDINATES




BRUSHING & LINKING HISTOGRAMS
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Figure 8: Brushing Histograms

Chris North, 2001



BRUSHING & LINKING EVERYTHING
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COLOURED BRUSHING & LINKING

Brushi 1a
| SFUNEIR | L TSN

T
Al T

Chmate - Teran

Chris North, 2001



LINKING WITH DYNAMIC QUERIES
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PROBLEM

Heer and Roberston, 2007



ANIMATED TRANSITIONS

Heer and Roberston, 2007




ANIMATED TRANSITIONS + COORDINATED VIEWS
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FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Filtering techniques

Navigation techniques

Overview + Detail
Magic Lenses
Coordinated Views
Animated Transitions

Rearrangement



FAMILIES OF INFOVIS INTERACTION TECHNIQUES

Filtering techniques

Navigation techniques

Multiple views
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REARRANGEMENT

interactive stacked histogram
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REARRANGEMENT

interactive stacked histogram

Fruit Sales 1992-1997

. dates
|:I clementines

<

1992 1993 1994 1995 1996 1997

Dix and Ellis, 1998



REARRANGEMENT

time-series alignment
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#1. INTERACTION CANNOT FIX BAD VISUALIZATIONS




#2. CONTROLS TAKE SCREEN
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#3. DIRECT MANIPULATION AND GESTURES ARE
RARELY SELF-EXPLANATORY
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TOUCH DEVICES

Sadana and Stasko, 2013



TABLETOP DEVICES
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Isenberg and Carpendale, 2008



WALL-SIZED DISPLAYS

WILD Display - Digiscope



WALL-SIZED DISPLAYS
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[Isenberg et al. , Hybrid Images for Large Viewing Environments, InfoVis'13]



www.fraps.com

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



INTERACTION WITH THE PHYSICAL WORLD




PHYSICAL VISUALIZATIONS
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HYBRID SYSTEMS

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



HYBRID SYSTEMS

Inform (Leithinger et al., 2013)



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



