VISUALISATION D’INFORMATION



Anscombe's quartet
I | 1l IV

X y X y X y X y

10.0 8.04 10.0 9.14 100 7.46 8.0 6.58
80 6.95 80 814 80 6.77 80 5.76
13.0 758 13.0 874 13.0 12.74 8.0 7.71
90 881 90 877 90 711 8.0 8.84
11.0 833 11.0 9.26 11.0 7.81 8.0 8.47
140 996 14.0 810 14.0 884 8.0 7.04
6.0 724 6.0 6.13 6.0 6.08 80 525
40 426 4.0 310 4.0 539 19.0 1250
12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
70 482 70 726 7.0 642 8.0 7.91
50 568 50 474 50 573 80 6.89



Property Value

Mean of xin each case 9 (exact)
Sample variance of xin
11 (exact)
each case
Mean of yin each case 7.50 (to 2 decimal places)

Sample variance of yin
4.122 or 4.127 (to 3 decimal places)
each case

Correlation between x and y
_ 0.816 (to 3 decimal places)
In each case

Linear regression line in y =3.00 + 0.500x (to 2 and 3 decimal
each case places, respectively)






Traitement de lI'information

Infinity - Lewis Carroll
Infinity - Zeno

Infinity - Paradoxes
Infinity - Halting problem
Zeno - Lewis Carroll
Paradoxes - Lewis Carroll
Paradoxes - Epimenides
Paradoxes - Self-ref

Epimenides - Self-ref

Epimenides - Tarski

Tarski - Epimenides

Halting problem - Decision procedures
Halting problem - Turing

Lewis Carroll - Wordplay

Tarski - Truth vs. provability

Tarski - Undecidability



Traitement de lI'information

-
@ Paradoxes Halting problem
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Systeme de visualisation d’info -
contraintes

 Computationnelle
— Fluidité
— Complexité algorithmique

* Perception et cognition (humain)
— Mémoire et attention limitée

* Dispositif physique (écran)

— Information density (Tufte)



Visualisation d’information

* Perception, cognition
* Design - Regles et bonnes pratiques

— Variables visuelles
— Interactions



PERCEPTION



Perception et cognition

* Perception

— Physiology

— Pre-attentive processing
* Cognition (humain)

— Gestalt principles

— Mémoire et attention limitée



Perception — lllusion d’optique

* Physiology
— Virtual objects
— Visual distorsion

— Shape distorsion



Perception — Virtual objects

1

In or Out?




Perception — Virtual objects
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Do the lines actually exist?




Perception — Virtual objects

Do the white arrows exist?



Perceptlon V|rtual objects
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Is the square really there?
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Perception — Visual Distorsion

THE HAND



Perception — Impression rétinienne




Perception — Visual Distorsion
H B B B B R BB B

Grey Diagonals



Perception — Visual Distorsion

Which line continues the straw?



Perception — Shape Distorsion

Are these lines parallel?

iz



Perception — Shape Distorsion

Slow rotation



Perception — Color contrast

How many colors?



Perception — Color contrast

Uniform grey?



Perception — Color contrast

Same color square



Perception — Color contrast

Colours eventually disappears



Perception — Color contrast

Orange heart



Perception — Color contrast

Color or black & white?



Perception — Size Distorsion
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Which line is longer?



Perception — Size Distorsion

Same length (red lines)?



Perception — Size Distorsion

Same size?



PRE-ATTENTIVE PROCESSING



Perception — Pre-attentive processing

e <200 -250ms qualifies as pre-attentive
— eye movements take at least 200ms

* can be done very quickly
* low-level processing in parallel



Perception — Pre-attentive processing




Perception — Pre-attentive processing

* Healey video




Perception — Pre-attentive processing

A48 A 40014 48
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— has a unique feature

* Target K



Perception — Pre-attentive processing

NAA QA A AN, A
AANA404 A A4 4
BN_BK_B QQQB /]

NA A pA7 7 A 4
ANAAL7 7z 7 4 A
Ap4 444 44 Ag
244 A4 444 4
AAaAd 440404

— does not have a unique
feature

* Target N



Perception — Pre-attentive processing

SUBJECT PUNCHED QUICKLY OXIDIZEDJ TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS|NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS FECNEICS HSILGNE SDROCER SNMULOC
GOVERNS PRECISE EXAMPLE MERCURY|SNREVOG ESICERP ELPMAXE YRUCREM

CERTAIN QUICKLY PUNCHED METHODS|NIATREC YLKCIUQ DEHCNUP SDOHTEM
GOVERNS PRECISE EXAMPLE MERCURY|SNREVOG ESICERP ELPMAXE YRUCREM
SCIENCE ENGLISH RECORDS COLUMNS FECNEICS HSILGNE SDROCER SNMULOC
SUBJECT PUNCHED QUICKLY OXIDIZED} TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO

CERTAIN QUICKLY PUNCHED METHODS|NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS FECNEICS HSILGNE SDROCER SNMULOC

Text not pre-attentive



GESTALT, MEMOIRE ET ATTENTION



Perception et cognition

e Cognition (humain)
— Mémoire et attention limitée

— Gestalt principles



Cognition - Change blindness

* Daniel Simons and Daniel Levin (1997)

— Movie perception test

— Change in static image




Cognition - Change blindness

* Daniel Simons and Daniel Levin (1997)

— Movie perception test

— Change in static image




Cognition — Gestalt principles

 Why do patterns emerge?
— Under what circumstances?

— |dea: forms or patterns transcend the stimuli used
to create them

— « Le tout est plus que la somme des parties »



Cognition — Gestalt principles

* Proximity



Cognition — Gestalt principles

e Similarity

X X X X X X

® & & & & & o ® &6 & & & o
X X X X X X

e & ¢ o o & ¢ ® ¢ 6 ¢ & ©
X X X X X X

® & &6 o & o o ® &6 & o & ©
X X X X X X

X & X & X o X



Cognition — Gestalt principles

e Law of common fate



Cognition — Gestalt principles

* Continuity



Cognition — Gestalt principles

* Continuity
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 Reification

Cognition — Gestalt principles




Cognition — Gestalt principles

 Closure




Cognition — Gestalt principles
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SEMIOTIQUE: GRAMMAIRE DE LA
CARTOGRAPHIE



« Grammaire visuelle »

* Principes sémiotiques
— Jacques Bertin (géographe)

* Théorie de la communication
— Distance opérationnelle (perception / physiologie)
— Distance articulatoire (accessibilité)

— Distance sémantique (interprétation, références
culturelles)



« Grammaire visuelle »

* Principes sémiotiques

— Jacques Bertin (géographe)

e Cartastrophe

— Apprendre des mauvais exemples



« Grammaire visuelle »

ol
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tiques
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Incipes semio
— Florence Nightingale

Pri

(1854)



States with
death penalty

States that have
not used the
death penalty

Proportion
over 55%‘:] white
45.55%
Methods used under 25% [}
(most common an left of face)
O O 1 - x 54.98
G, % % % C.‘%
% Average age
%, s, ge ag
MILES ’/% ‘p‘?p 000.0@, \_/ under 40 Number 405

%, %, %
‘@%,, v % %% — 40-50 executed
M\ over 50

AARON ROTHBERG 6 DECEMBER 2007




« Grammaire visuelle »

e Cartastrophe

— American English Dialect




« Grammaire visuelle »

* Principes sémiotiques

— Apprendre des bons exemples: Minard (1869)
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UNE SCIENCE DE LA
VISUALISATION ?



Visualization Design

* Regles et bonnes pratique
— Variables visuelles

— Données et taches

— Dashboard



Visualization Design

* "Position is everything, color is difficult.”

Moritz Stefaner



Visualization Design

Quantitative Ordered Categorical

Position -——— Position =—— Position

Length Lightness Hue
Angle Saturation Texture
Slope Hue Connection
Area Texture Containment
Volume Connection Lightness
Lightness Containment Saturation
Saturation Length Shape
Hue Angle Length
Texture Slope Angle
Connection Area Slope
Containment Volume Area
Shape  =——  Shape Volume

MacKinley 1986



Visualization Design

e Color is difficult
— Rainbow colormap

colormap value
perceived value

Rk

data value colormap value




Visualization Design

Algorithms ¥ "= 1§ Navigate in graph
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Visualization Design

* Choix des couleurs
— ColorBrewer




Visualization Design

e Shneiderman mantra
Overview First,

Zoom and Filter,

Details on Demand



Shneiderman taxonomy

DataTypes
1D Linear

2D Map

3D World

Multidimensional

Temporal

Tree

Network

Document Lens, Seesoft™, Information Mural,
TextArc

Geographic information systems, ESRI Arcinfo™,
ThemeView™ , newspaper layout, self-organizing
maps

Desktops, WebBook™ , VRML™, Web3D™,
architecture, computer-assisted design, medicine,
molecules

Parallel coordinates, scattergram matrices,
hierarchical clustering, Spotfire®, Tableau®™, GGobi®,
DataDesk® TableLens®, InfoZoom™®

DataMontage, Palantir, Project Managers, LifeLines,
TimeSearcher

Outliners, degree-of-interest trees, cone/cam trees,
hyperbolic trees, SpaceTree, treemaps

NetMap™, netViz™, Pajek, JUNG, UCINet, NetDraw,
TouchGraph, SocialAction, NodeXL



Shneiderman taxonomy

Tasks

Zoom

Filter
Details-on-demand
Relate

History

Gain an overview of the entire collection

Zoom in on items of interest

Filter out uninteresting items

Select an item or group and get details when needed
View relationships among items

Keep a history of actions 1o support undo, replay,
and progressive refinement

Allow extraction of subcollections and of the query
parameters



Visualization Design

* Ed Chi Data State m o ]

DATA
Reference Model [ TRANSFORMATION ]
ANALYTICAL
ANALYTICAL
STAGE
ABSTRACTION OPERATOR

TRANSFORMATION

¥

VISUALIZATION ]

VISUALIZATION . ‘
ABSTRACTION .

STAGE

VISUALIZATION
OPERATOR

TRANSFORMATION

¥

VIEW STAGE
OPERATOR

VISUAL MAPPING ]




Visualization Design
Interaction Principles

Explore: show me something else
— Connect: show me related items

Overview

Reconfigure: show me a different
arrangement — Abstract/Elaborate: show me

more or less detail

Encode: show me a different — Details-on-demand

representation . Navigation
Filter — Navigation Box
— show me something — Spatial Navigation

conditionally Select: mark something as interesting

— Context-maintained Filter — Single Direct Selection
— Multiple Direct Selection

— Bounding Box
— Single Direct Selection+Keyboard
— Bounding Box+Keyboard

— Reduction Filter
Dynamic Queries
Brushing
Click-n-Drag



Visualization Design

* Regles et bonnes pratique
— Dashboard



Visualization Design

800 weave ”
_Ld demo.olcweave.org:8080/weave. htmi?file=HospitalTransparencyChallenge_3DRG_v2.weave&adminSession=0A858B89D-771C-2A98-6978-BCDA2007C8AF
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Visual Dashboard - Le jeu
des 13 erreurs

Exceeding the boundaries of a
single screen

Choosing inappropriate
display media

Using poorly designed display
media

Supplying inadequate context
for the data

Displaying excessive detail or
precision

Highlighting important data
ineffectively or not at all

Introducing meaningless
variety

Choosing a deficient measure

Encoding quantitative data
inaccurately

Misusing or overusing color

Arranging the data poorly
Designing an unattractive
visual display

Cluttering the display with
useless decoration

Stephen Few (2006)
Information Dashboard Design,
O’Reilly
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Visual Design Model

characterizing the problems of real-world users W

abstracting into operations on data types v

designing visual encoding and interaction techniques

creating algorithms to execute techniques efﬁcientl}‘




NESTED MODEL EXTENSION

Visual Design ¢ KEY
MOdel -g blockO
g guideline I

between-level

O "

within-level
comparison

: abstraction
d
@

10
ol
DO

algorithm
50
b

)



http://www.labri.fr/perso/melancon/

Visual Analytics Course/doku.php?

introduction

id=

Visual Design Model

domain problem characterization —

data/operation abstraction design v S—

encoding/interaction technique design

4

algorithm design

—

threat: wrong problem
validate: observe and interview target users

threat: bad data/operation abstraction

threat: ineffective encoding/interaction technique
validate: justify encoding/interaction design
threat: slow algorithm

validate: analyze computational complexity
implement system
validate: measure system time/memory
validate: qualitative/quantitative result image analysis
[test on any users, informal usability study]

validate: lab study, measure human time/errors for operation

validate: test on target users, collect anecdotal evidence of utility
validate: field study, document human usage of deployed system

validate: observe adoption rates




