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Why interact?

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

Why interact?

¢ Perception requires action

Eye movements of a layperson Eye movements of an artist

Vogt and Magnussen 2007 (link)
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http://www.queensu.ca/psychology/lederman/Publications/049.pdf
http://www.interaction-design.org/encyclopedia/philosophy_of_interaction.html

Why interact?

¢ Perception requires action

Valdis Krebs (link)

Why interact?

¢ Perception requires action

Photo appaloosa (link)
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http://www.flickr.com/photos/orgnet/sets/72157624656909094/
http://www.happytellus.com/gallery.php?img_id=113

Why interact?

¢ Perception requires action

Bret Victor (link)

Why interact?

¢ Perception requires action

Bret Victor (link)
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http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/
http://worrydream.com/ABriefRantOnTheFutureOfInteractionDesign/

Why interact?

¢ Is this interacting?

Definition of interaction

e Static content

e Dynamic content

* Animated content
Change independently from the user

* Interactive content
Change as a result of user actions
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Definition of interaction

Why interact with a computer?
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DAYS YOU CAN STAY FOR $100

ot

3555555‘55[

B

Shoestring budget travel guide 2012

The cheapest The most expensive

i A Reykjavik
o I Bed 5269 & cattietest I Bed $2671

bargain. | Gioa State Museum (free) { | [hotdogsinthe Blue Lagoon $46.74
‘y Transport $0.90 N el Transport $40.90
I Food $6.74 ~ I Food $30.05

Hanoi Oslo

Fat on the cheap. I Bed $480 Forget ahout I Bed §37.14
Eat the local fare. Ho Chi Minh Mausoleum (free) the city, explore Viking Ship Museum $10.13

Delicous. Transport $1.20 e s:tu Transport $12.66

I Food §8.64 I Food §52.33

Marrakech Venice

Dot look for I Bed $6.19 Visitin the I Bed $2472

cheap alcohol. ft's E| Bahia Palace $1.13 off-season and Venice museum pass $22.25
a forlorn hope. beat the crowds.

Transport $1.69 Transport $24.72
I Food $12.38 e M Food $30.90

Shoestring budget travel guide 2012
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HOW MANY DAYS FOR $100
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Why interact with a computer?

— A

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 to show it




Williamson and Shneiderman, 1992

nggﬁw&x
Resetl Quit
Save | Printl

Dist to A:

Dynamic Queries Demos:
Revised Homefinder
and Text Version

plus Health Statistics Atlas

Ben Shneiderman

COPYRIGHTD 1994 UNIVERSITY OF MARYLAND

Williamson and Shneiderman, 1992

1:29
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Sarkar and Brown, 1992

Sarkar and Brown, 1992

(see also Furnas, 1986)

1:08

2/25/2015
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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?

The Visualization Pipeline

2/25/2015
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The Visualization Pipeline

Raw

(] (&
Selection Representation Presentation

Interaction

The Visualization Pipeline

From [Spence, 2000

The Visualization Pipeline

Analytics Spatial " ;

Data Spatial Mapping  Presentation View
Transformation Transformation Transformation  Transformation

From [Card et al., Readings in Information Visualization]

2/25/2015
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The Visualization Pipeline

Data |sual Form
Raw Data Visual Vi
Data Tables Structores ﬁ s
Data Yisual View
Transformations \lnppmgs Transformations

t 1

Human Interaction

Raw Duli sdcugmcrale doanrets

Data Tabias aalore |Taeas try v pieas| + maiadyty

VEuN STucasng £010 Ldabaien « Make v FIINTY (IOgHTes
Woaws 0 20N CD CHATHINS (DoasDn, STN g Shepeng. |

[Card, Mackinlay, Shneiderman, Readings in Information Visualization: Using Vision to Think, 1999]

The Visualization Pipeline

DATA VISUAL FORM VIEW

f||ter|ng rendenng
b, 4
- | - | R

Abstract Data Visual Analogues Display - Usler

Nodes, Edges Visualltems in ItemReglsiry Interactive Display

t

Interaction

<

From Ed CHI
Illustration de J. Heer
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| B[ C[DJEJF[GIH[IT]J]K
1 (Eg:fcatg[l;? :Ilg) 1967 1968 1969 1970 1971 1972 1973 1874 1975 197
2 | Australia 475 33.2 19.7 23.7 263 30
3 Austria 247 423 135 252 159 498
4 Belgium 84.5 83.7 1 11.4 1589 18
5 |Canada 33.7 3886 18 253 841 51
6 Denmark 100 100 13.7 19 5.6 15
7 |Finland 286 135 141 20
8 France 62.9 63.7 46.8 33.4 38.2 38
9 Germany 546 548 21.7 18.8 236 18
10 Greece
11 |Ireland
12 |ltaly 20.1 958 39.5
13 Japan 126 123 282 108 215 29
14 |Luxembourg
15 |Netherlands 42 326 124 15
16 New Zealand 19.5 20.9 515 88
17 Norway 54.7 488 324 971 574 70
18 Portugal
19 Spain
20 | Sweden 326 234 15 13.7 207 18
21 | Switzerland 47 46 12 15 87 11
22 | United Kin 498 324 159 16.2 091 0
69.3 64 0.97 7.76 6.1
24

2/25/2015
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http://www.aviz.fr/beyond
http://www.aviz.fr/beyond

.
l physical
presentation

visual
presentation

abstract
visual form
4

4l G e ] D [HE A e |
1 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
ZAustria 12.23 31.86 31.07 3157 24.02 28.61 30.52 44.99 35.41 48.95
iFrancE 31.87 34.18 35.95 36.06 38.78 40.18 32.68 39.26 43.15 439
LAustralia 33.57 46.93 38.24 23.18 3894 21.38 29.1 29.43 27.97 28.32
i Belgium 29.93 22.13 17.64 1852 17.72 17.13 2177 13.63 14.69 20.38
LCanada 28.11 25.09 14.35 11.19 9.291 21.67 17.33 13.98 25.19 15.66
L7 | Netherlands 10.78 20.12 29.08 8.702 5.085 15.12 9.117 12.48 13.75 18.17
L\taly 6.278 9.992 9.04 6.076 15.66 12.26 16.75 11.75 10.75 17.98
i Denmark 1.485 1.933 13.52 10.71 13.01 4.193 7.937 4.303 11.42 7.581
A United States  13.69 11.25 11.22 11.22 11.22 7.992 8.465 8.409 4.702 3.038
A Norway 14.25 7.561 8.219 7.255 3.967 4.307 4.476 1099 14.62 9.296

Jansen and Dragicevic 2013 (www.aviz.fr/lbeyond)
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Jansen and Dragicevic 2013 (www.aviz.fr/beyond)
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http://www.aviz.fr/beyond
http://www.aviz.fr/beyond
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Jansen and Dragicevic 2013 (www.aviz.fr/beyond)
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Jansen and Dragicevic 2013 (www.aviz.fr/beyond)
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http://www.aviz.fr/beyond
http://www.aviz.fr/beyond
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http://www.aviz.fr/beyond
http://www.aviz.fr/beyond
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Taxonomies of interaction

e What?

Tasks
e Why?

e How?

2/25/2015
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http://www.aviz.fr/beyond

Analytical Tasks

e 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 refinement

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

Analytical Tasks

1. Overview

Stephen Few, 2006 (link) Software: TimeSearcher 2

2/25/2015
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http://www.b-eye-network.com/view/2674

Analytical Tasks

2-3. Zoom and Filter

Stephen Few, 2006 (lifik) Software: TimeSearcher 2 o —a4

Analytical Tasks

2-3. Zoom and Filter

o

9 n
Stephen Few, 2006 (link) Software: TimeSearcher 2

2/25/2015
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http://www.b-eye-network.com/view/2674
http://www.b-eye-network.com/view/2674

Analytical Tasks

4. Details on demand

vaisties | iem. |
st [ o

I
:

P
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B
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8 3 0 n < |

Stephen Few, 2006 (link) Software: TimeSearcher 2

Analytical Tasks

¢ 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

2/25/2015
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http://www.b-eye-network.com/view/2674

Analytical Tasks

e 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

® Cluster

e Correlate

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

6. Filter: show me something conditionally
7. Connect: show me related items

MRWNE

2/25/2015
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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?

How?

e Interaction technique
e “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

2/25/2015
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e 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

amic
Hgmfmdq
Reset Quit
Save Print

Dist to A:

2/25/2015
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How?

¢ Interaction technique
e “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
e Beaudouin-Lafon: Instruments with
different degrees of directness

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?

2/25/2015
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Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques
e Multiple views

e Rearrangement

Problem
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¢ Filtering techniques

e Navigation techniques
e Multiple views
e Rearrangement

("

0l
{

K]

amic
H%neFinder
Reset Quit
Save Print

Dist to A:

H =
Look at:

2/25/2015
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(data level)

amic
H%neFinder
Reset Quit
Save Print

Dist to A:

H =
Look at:

2/25/2015
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http://www.aviz.fr/beyond

Filtering Techniques

e Dynamic Queries + Zooming

~ | Filters X
Phone Analyzer
Airtime Charges
$2000 n 0,00 766,25
O [

[E—T—

Total Messaging Char...
0,00 170,80
0 [l

Equipment Charges
0,00 480,00
0 [l

Total Services Charges
042 204060

' b

Cost Center

Sum(Total Services Charges) ~ +

g
Employee Number “;0000 WE;U
o GROUP
Details _ =
[EZ] Datarard
Some fiters are hidden Show all
Offline | © Details... 1099 of 1099 rows | O marked 38 columns .t

Spotfire Software

Filtering Techniques

e Dynamic Queries Specified Visually

Time Searcher (Hocheiser, 2003)

2/25/2015
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Filtering Techniques

e Dynamic Queries for Volumetric Data

Sherbondy et al, 2004

Filtering Techniques

e Incremental Text Search
Oeee Oainte e 008 13t ::.:_: Bl i i

Name Voyager (Wattenberg, 2005)

2/25/2015
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Problem

Families of infovis interaction
techniques

e Filtering techniques

e Navigation techniques

e Multiple views
e Rearrangement

2/25/2015
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avigation Techniques
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Pan & Zoom

e 00 | JDFTimeLine.pdf (page 1 of 1)
e NEEE O\ | 3 | b} »
Previous /Next Page Back/Forward Zoom Tool Mode
7 posts-per-week
“s at hon.
MMZ‘ Oct, 22, 200y

percept
transformatiol

l physical
~| presentation

visual
presentation

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

(visual level) |

2/25/2015

35


http://www.aviz.fr/beyond

Pan & Zoom
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Pan & Zoom

e Semantic Zoom
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Bade et al, 2004 (link)
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http://www.infovis-wiki.net/index.php?title=MIDGAARD

Pan & Zoom

e Space-Scale Diagrams

1. Pan
2.Zoom
3. Pan and zoom

A~

v

A~

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

Problem

Where am I?
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http://www.sigchi.org/chi95/proceedings/papers/gwf_bdy.htm

Navigation Techniques

Cergy

e Pan & Zoom

* Focus + Context

Focus + Context

e Space Distorsion
* Fisheye Views of Graphs

Sarkar and Brown, 1992
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Focus + Context

e Space Distorsion
* Fisheye Menus

Bederson, 2000

Frasigant
Free Me mhant Business
Fres Shop

Furniture

E Garden

Gateway 2000
C Georgia Tech
D Google Search
E Guru Net
FHiF
G

:\n Hotlobs
N Hot Office
P |GG Online Communication
Info Space
Internet Movie Datahase
U iave Shopping
Land's End
Lonaly Planet
W cos
Mazzachieatis Irefiiute of Techrobgy
rue

Focus + Context

e Space Distorsion
* Perspective Wall

Mackinlay, Roberston and Card, 1991
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Focus + Context

e Space Distorsion
* Melange

Elmqvist et al, 2010

Focus + Context

e Space Dlstorsmn

e Al "'ﬁFL
L/
_—7
/ /
f / ,"H'.,-.' = ( :
| st 1108
| ;1 !
(Bl
TG o |

Brosz, Carpendale and Nacenta, 2011

| CHATAWAYY MAPOF
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Focus + Context

e Table Lens

&= Inzight Table Lens - [foremost. b

D) File Edit Yew Toolz Opfions Window Help

=18 %]
B e[ BRRE B | imight = |
|
Year Quartar Product Channel Ragion Salaperson |Revenue | Frofits |
kevin Palen 430p98 171561
= =
Foraciode Pra| VAR = Tam Tutte 122310 | 54374
Forec:ode Pro VAR Ann Thomas || 302 122310 51371
T - - - I ] ] -
ForemostS_. | Direct Sales | Midwast Sal Vitatone | 301 2 B595e+006 929338
- = - 5 -
ForeMost 5. | VAR South Gary Copper || 301 1709e+006 548150
W LT

Rao and Card, 1994

Focus + Context

e Generalized Fisheye Views

(c) The Fisheye DOI:
DOlggneyeqiee) (XI-=Y) = API(x) — D(x,y)
= —( dyee(X,Y) + dyee (x,r00t) )

"current focus"

Furnas, 1986
Generalized Fisheye Views
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Focus + Context

e Generalized Fisheye Views

Pattern of Influence

, on the Observer:
Fisheye Subset of
entities

obhserver

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

Families of infovis interaction
techniques

e Filtering techniques
e Navigation techniques

e Multiple views

e Rearrangement
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Multiple Views

e o
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visual form

—
-—

(data level)

% raw data

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

Multiple Views
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Multiple Views

— AP =3

| Overview + Detail :&1

Magic Lenses

==— Coordinated Views

Overview + Detail

Panning a large graph

e
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Overview + Detail

Panning a line chart

mitlb (4001 %1 real, Fs=7418) 1 2
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Overview + Detail

Browsing Multiple Views
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Displacement
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Overview + Detail

Browsing Multiple Views

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

50 %
v« @EE e nn BN
. - — +45°
e LI I qCE |
40 %
Australia . .. ] . BB RDB
35
Beigiurn [l (W |[® |(m (@ |®||H|e|=| B
— 130 %
Cancda I Il w = =« H m| = H | =
25 %
- s ]m] -] e]-]a]a]n]
May| « | m| o |« ||®W | =m | H|mw | = B ‘ ‘ [ \
1 +15
Denmark . ] L] ] . s . ] L] ’ ‘ ] ‘
[ 10 %
United States | a | ] o a L] L] L] . . ‘ \ | J ‘ o
Norway 1] ] L] ] . . . ) a o ‘ ’ I ‘ ‘ H ‘ ‘ 9
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Jansen et al, 2013

Problem

Highlghting
Colormap

Intensity

Rogowitz and Treinish, 1995
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Multiple Views

i PRt =

5 H - -]
| Overview + Detail e |
Magic Lenses .

Coordinated Views

Magic Lenses

(Manfred’s Talk)

Bier et al, 1993
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Magic Lenses

Movable filters for dynamic queries

Fishkin and Stone, 1995

Magic Lenses

Exentric Labeling

“alery M. Chelnokowv

= = Catherine C. Marshall

Marc Nana@ "*—“75—0 D_':":.)r___—- Peter Numbe
Brigitte Daniel ] @—‘John J. Leggett

g

Fekete and Plaisant, 1999
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Magic Lenses

Color lenses

Elmquist et al, 2010

Magic Lenses

Edge lenses

Wong, Carpendale and Greenberg,

2/25/2015
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Problem

Heer and Roberston, 2007

Multiple Views

WET . Website E xglor
fle [t View Hel
) RadiaiTroe wisualization

ol af=lef o qg‘|

; ',.oo‘;.

_' . T
- Overview + Detail —

Magic Lenses

Coordinated Views

Animated Transitions

E)D
B0 a

——|
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Coordinated Views

Brushing & Linking Scatterplots

TENSILE STRENGTH

PBRASION LOSS

o° b2

Beker and Cleveland, 1987

g( t1-tars1 12| ti-tarst ti-tarst
z 3 2O
ti-tars1 head al-aedel
te-tars2 t2-tars2 t2-tars2
x
%*
ti-tars1 t2-tars2 head al-aedel
head head I head
%
X ot
& ;if e <o
P
ti-tars1 t2-tars2 head al-aedel
al-aedet al-aedgl al-aedel
§g 5 & .
< ¥?< %& ® Xx
# P %% x X
%
f1-tarsi f2-tar: head al-asdel
Voigt, 2002

Coordinated Views

Brushing Parallel Coordinates

T )

9.0 3.0
MPG Cylinders

T
230.0

46.0

Horsepower

1
5140.0
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Coordinated Views

Brushing Parallel Coordinates

T )
46.6 8.0 230.0 5140.0 82

Coordinated Views

Brushing & Linking Histograms

EDUCATION: & states

INCOME: 12,4671 - 25,427

.i.‘hl i &

Figure 8: Brushing Histograms

Chris North, 2001
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Coordinated Views

Brushing & Linking Everything

venezuela yemen
“ tabriz thailand turkey
... Tussia somalia sudan
nairobi nigeria rome
korea lahore moscow
karachi kenya kiev
jaza iran istanbul italy

e : J 1. K i A barcelona basra dubai
P— - ————— e —— ileppo antalya bangkok

Turkay et al, 2010

Coordinated Views

Colored Brushing & Linking

Chris North, 2001
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Coordinated Views

Linking with Dynamic Queries
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Spotfire Software

Problem

Heer and Roberston, 2007
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Multiple Views

WET . Webiite Erglor

Ele EdR View Hel

) RadialTros visualization c @ Ban-mﬁn
Tite

ol alelef o qg‘|

. ),-:'1 !

Overview + Detail

Magic Lenses
Coordinated Views | I
Animated Transitions| [...°°

ElD “
EelEE|f |-

-—— N

Animated Transitions 00:19

Heer and Roberston, 2007
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Animated Transitions

With coordinated selection and edition

Hus Sat Celor

Histomages (Chevalier et al, 2012)

Families of infovis interaction
techniques

¢ Filtering techniques
e Navigation techniques
e Multiple views

* Rearrangement
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Rearrangement

Interactive Stacked Histograms

Fruit Sales 1992-1997

. dates
I:‘ clementines

bananas

11992 1993 19594 1995 1996 1947

-107]
=204 . apples

Dix and Ellis, 1998

Rearrangement

Interactive Stacked Histograms

Fruit Sales 1992-1997

. dates
I:‘ clementines
I:' bananas

_' apples
20710982 1993 1994 1935 1936 1997 . re

Dix and Ellis, 1998
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percept
transformatiol
(view level)

visual
presentation

(visual level)

(data level)

o=

Jansen and DragAi.cevic 2013 (www.aviz.fr/lbeyond)

Rearrangement

Time-Series Alignment
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Lifelines 2 (Wang et al, 2008)
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http://www.aviz.fr/beyond

Rearrangement
Sorting
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Rao and Card, 1994

Rearrangement

Matrix Reordering
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Star Coordinates

Candogan, 1992. Video from Lehman and Theisel, 2013.

itamin|

Dust & Magnet Froduct 19

Yoy @ otal Whoale Grain
enecial | s

Fa‘

Yi and al, 2005
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Rearranaement 01:46
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Families of infovis interaction
techniques

¢ Filtering techniques

e Navigation techniques
e Multiple views

e Rearrangement

¢ Pitfalls
e Beyond the desktop

Pitfalls

#1 - Interaction has a cost

2/25/2015

64



P

itfalls

#2 - Controls take screen real-estate
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#3 - Few other techniques are self-
explanatory
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Drag
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Flick
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touch devices

Sadana and Stasko, 2013

tabletop devices

Isenberg and Carpendale, 2008
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wall-sized displays

114kl
bkl b

¢ 0 o D D D e

"

[Jansen et al., Tangible Remote Controller for Wall-sized Displays. CHI’ 12]
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percept
transformatiol

visual
presentation

Jansen and DragAi.cevic 2013 (www.aviz.fr/lbeyond)

(view level) | =i

(visual level)

(data level)

o=

e

percept
[T transformatiof

g

W, i
~~| presentation

abstract
visual form

data
transformatio

Jansen and

(visual level)

(data level)

FA=E2 L HE e a1 e ] ¥
Dragicevic 2013 (www.aviz.fr/beyond)
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http://www.aviz.fr/beyond
http://www.aviz.fr/beyond

2/25/2015

yxine elongata

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

()
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1 # l : m'_ 7 L~ g :
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[Isenberg et al. , Hybrid Images for Large Viewing Environments, InfoVis’ 13]

69



¢ Interaction with the physical world

physical visualizations
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tinyurl.com/physvis

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

[Kruszynski & van Liere, Tangible Props for Scientific Visualization, Virtual Reaity 13 (4) 2009]
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[Stefaner & Hemmert, emoto data sculpture,
http://www.nand.io/visualisation/emoto-installation]

[PARM: Projected Augmented Relief Models, University of Nottingham, 2012]
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http://www.nand.io/visualisation/emoto-installation
http://www.nand.io/visualisation/emoto-installation
http://www.nand.io/visualisation/emoto-installation

Relief (Leithinger et al, 2009)

Relief (Leithinger et al, 2009)
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Inform (Leithinger et al, 2013)

1.47
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