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Exercise

• House directions
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Data Exploration
• Society is more complex 

• There is simply more “stuff” 

• Computers, internet, and web give people access to an incredible 
amount of data 

• news, sports, financial, sales, demographics, etc. 

• pollution, computer logs, weather, photos, videos, etc.
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How much data?

• Between 1 and 2 exabytes of unique info produced per year  

• 1000000000000000000 (1018) bytes 

• 250 meg for every man, woman and child 

• Printed documents only .003% of total

Peter Lyman and Hal Varian, 2000 
Cal-Berkeley, Info Mgmt & Systems 

www.sims.berkeley.edu/how-much-info
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2008

800 exabytes per year

9[ The Diverse and Exploding Digital Universe, IDC, 2008 ] 

Data Overload
• How can we make use of the data? 

• How do we make sense of the data? 

• How do we harness this data in decision-making processes? 

• How do we avoid being overwhelmed?
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Question
• How can we effectively access data? 

• understand its structure? 

• make comparisons? 

• make decisions? 

• gain new knowledge? 

• convince others? 

• ....
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The need is there

“The ability to take data—to be able to 
understand it, to process it, to extract 

value from it, to visualize it, to 
communicate it's going to be a hugely 
important skill in the next decades.”

— Hal Varian, chief economist, Google

[ The McKinsey Quarterly, January 2009 ] 



The Problem
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Web, 
Books, 
Papers,  

Game scores,  
Scientific data, 

Biotech, 
Shopping 

People 
Stock/finance 

News

Vision:  100 MB/s 
Ears:  <100 b/s 

Telepathy 
Haptic/tactile 

Smell 
Taste 

Data 

How? 
Data Transfer 

[ Courtesy of Chris North, Virginia Tech ]

Human Vision
• Highest bandwidth sense 

• Fast, parallel 

• Pattern recognition 

• Pre-attentive 

• Extends memory and cognitive capacity 

• People think visually
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(Multiplication test)

Impressive.  Lets use it!
[ Courtesy of Chris North, Virginia Tech ]

The Challenge

• Transform the data into information (understanding, insight) thus 
making it useful to people
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Example
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Which state has the highest income? 
Is there a relationship between income and education? 

Are there any outliers? 
Questions:

[ Courtesy of Chris North, Virginia Tech ]



Visualize the Data
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[ Courtesy of Chris North, Virginia Tech ]

Even Tougher?

• What if you could only see one state’s data at a time?  (e.g. U.S. 
Census Bureau’s website) 

• What if I read the data to you?
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I II III IV

x y x y x y x y

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89
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4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50
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7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Mean of x 9.0
Variance of x 11.0
Mean of y 7.5
Variance of y 4.12
Correlation between x and y 0.816
Linear regression line y = 3 + 0.5x

Anscombe’s Quartet
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I II III IV

x y x y x y x y

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Anscombe’s Quartet Illustrates Our Approach

• Provide tools that present data in a way to help people understand 
and gain insight from it 

• Clichés 

• “Seeing is believing” 

• “A picture is worth a thousand words”
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Visualization
• Often thought of as process of making a graphic or an image 

• Really is a cognitive process 

• Form a mental image of something 

• Internalize an understanding 

• “The purpose of visualization is insight, not pictures” 

• Insight: discovery, decision making, explanation
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Main Idea
• Visuals help us think 

• Provide a frame of reference, a temporary storage area 

• External cognition 

• Role of external world in thinking and reason 

• Examples?

24



Information Visualization

• What is “visualization”? 

• The use of computer-supported, interactive visual representations 
of data to amplify cognition. 

• From [Card, Mackinlay, Shneiderman ’98]

25 26
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Three Subfields

• Scientific Visualization 

• Information Visualization 

• Visual Analytics

28



Scientific Visualization

• Primarily relates to and represents something physical or geometric 

• Examples 

• Air flow over a wing 

• Stresses on a girder 

• Weather over Pennsylvania
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Information Visualization

• Components: 

• Taking items without a direct physical correspondence and 
mapping them to a 2-D or 3-D physical space. 

• Giving information a visual representation that is useful for analysis 
and decision-making
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Two Key Attributes

• Scale 

• Challenge often arises when data sets become very large 

• Interactivity

• Want to show multiple different perspectives on the data
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Domains for InfoVis
• Text 

• Statistics 

• Financial/business data 

• Internet information 

• Software 

• ... 
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Examples

• Images 

• Are these static pictures information visualizations?
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Excel
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USA Today Graphics

Or worse  
yet… 

35

Bullet Train Schedule
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Atlanta Flight Traffic

Atlanta Journal 
April 30, 2000 
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Country Music
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Critique
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flowingdata.com/2017/01/24/ 
one-dataset-visualized-25-ways/

Life expectancy
2000–2015

44     [ Max Roser ]



45     [ Washington Post ]

72 people

46     [ www.visualnews.com ]

Brexit

47

E.U.
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The Comics
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Understanding 
Comics  by 

Scott McCloud 

Charles de Gaulle 
(Paris)
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London Subway
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www.thetube.com True Geography

52www.kottke.org/plus/misc/images/tubegeo.gif



Easy Walking Lines Added

53rodcorp.typepad.com/photos/art_2003/tube_walklines_final_lmfaint.html 54
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Funiculaire de
Montmartre

Tarification spéciale

                RER: au delà de cette limite,
en direction de la banlieue,
la tarification dépend de la distance. 
Les tickets t+ ne sont pas valables.

Légende

Pôle d’échange multimodal,
métro, RER, tramway

Correspondances

Fin de lignes
en correspondance
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de 0h30 à 5h30
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Paris – Île-de-France

C2

RATP/SNCF

RATP/SNCF

SNCF

SNCF

SNCF

Antony: liaison ORLYVAL (tarification spéciale)

Gares hors zones tarifaires*
Zones tarifaires3 4

CDG1–3

CDG2

Orly

Grande Arche Parcs Disneyland

Gennevilliers

Épinay-sur-Seine

Ermont–Eaubonne

Cernay

Franconville–Le Plessis-Bouchard

Montigny–Beauchamp

Nation

Bour
la-Reine

Saint-Ouen

Saint-Denis

Noisiel

La Borne Blanche *

Champigny

Javel

St-Michel
N-DameInvalides

Musée
d’Orsay

Haussmann
St-Lazare

Auber

-

g

t

t

F

F

Cergy
Saint-Christophe

Saint-Ouen-l’Aumône

Saint-Ouen-l’Aumône–Liesse

Saint-Gratien

Saint-Germain-en-Laye

Saint-Quentin-en-Yvelines

Le Parc
de St-Maur

Saint-Maur–Créteil

Bussy-Saint-Georges

Cergy
Préfecture

Neuville
Université

Conflans–Fin d’Oise

Achères–VilleAchères
Grand Cormier

Poissy
Maisons-Laffitte

Sartrouville

Houilles–Carrières-sur-Seine

Nanterre–Université

Nanterre–Ville

Rueil-Malmaison
Chatou
CroissyLe Vésinet–Centre

Le Vésinet–Le Pecq

Nanterre
Préfecture

Châtelet
Les Halles

Gare
de Lyon

Vincennes

Val de Fontenay
Neuilly
Plaisance

Bry
sur-Marne

Noisy
le-Grand
Mont d’Est

Noisy
Champs Lognes

Torcy

Val d’Europe

Marne-la-Vallée–Chessy

Fontenay-sous-Bois

Nogent-sur-Marne

Joinville
le-Pont

La Varenne
Chennevières

Pontoise

Pierrelaye

Les Grésillons

Porte
de Clichy

Pereire
Levallois

Neuilly
Porte Maillot

Avenue Foch

Avenue
Henri Martin

Boulainvilliers
Avenue

du Pdt Kennedy

Pont du Garigliano

Issy–Val de Seine

Issy

Meudon
Val-Fleury

Chaville–Vélizy
Viroflay–Rive Gauche

Porchefontaine
Versailles–Château

Saint-Cyr

Versailles
Chantiers

Petit Jouy
Les Loges

Jouy-en-Josas

Vauboyen

Bièvres

Igny

Massy–Palaiseau

Longjumeau
Chilly
Mazarin

Gravigny
Balizy

Petit
Vaux

Savigny
sur-Orge

Juvisy

Athis
Mons

Ablon

Villeneuve
le-Roi

Orly Sud

Orly
Ouest

Rungis La
Fraternelle

Chemin
d’Antony

Les Ardoines

Vitry-sur-Seine

Ivry-sur-Seine

Bibliothèque
Fr. Mitterrand

Gare
d’Austerlitz

Pont de l’Alma 
Champ de Mars
Tour Eiffel

Épinay
sur-Orge

Ste-Geneviève
des-Bois

St-Michel
sur-Orge

Brétigny
sur-Orge

Marolles
en-Hurepoix

Bouray

Lardy

Chamarande

Étréchy

Étampes

Saint-Martin d’Étampes

La Norville
Saint-Germain

lès-Arpajon
ArpajonÉgly

Breuillet
Bruyères
le-Châtel

Breuillet
VillageSaint-ChéronSermaiseDourdan

Dourdan-la-Forêt

Creil *

Survilliers–Fosses

Louvres

Les Noues

Goussainville

Villiers-le-Bel
Gonesse–Arnouville

Garges–Sarcelles

Pierrefitte–Stains

Stade
de France

St-Denis

Gare du Nord

Maisons-Alfort
Alfortville

Le Vert de Maisons

Villeneuve–Prairie
Fermeture fin 2013

Ouverture fin 2013
Créteil–Pompadour

Villeneuve–Triage

Villeneuve–Saint-Georges

Montgeron–Crosne

Yerres

Brunoy

Boussy-Saint-Antoine

Combs-la-Ville–Quincy

Lieusaint–Moissy

Savigny-le-Temple–Nandy

Cesson

Le Mée-sur-Seine

Melun

Vigneux
sur-Seine

Viry-Châtillon

Ris-Orangis

Grand-Bourg

Évry
Val de Seine

Grigny
Centre
Orangis

Bois de l’Épine
Évry–Courcouronnes

Centre

Le Bras-de-Fer
Évry–Génopole

Essonnes–Robinson
Villabé

Corbeil
Essonnes

Ballancourt
La Ferté-Alais

Boutigny
Maisse

Buno–Gironville
Boigneville

Aéroport
Charles de Gaulle 1

Aéroport
Charles de Gaulle 2–TGV

Parc
des Expositions

Villepinte

Sevran
Beaudottes

Mitry–Claye

Villeparisis
Mitry-le-NeufVert

Galant
Sevran
Livry

Aulnay
sous-Bois

Le Blanc
Mesnil

Drancy
Le

Bourget
La Courneuve
Aubervilliers

La Plaine
Stade de France

Luxembourg
Port-Royal

Denfert-Rochereau
Cité Universitaire

Gentilly
Laplace

Arcueil–Cachan
Bagneux

Sceaux

La Croix de Berny

Antony

Fontaine-Michalon

Les Baconnets

Palaiseau
Palaiseau–Villebon

LozèreLe
Guichet

Orsay
Ville

Bures
sur-Yvette

La Hacquinière

Gif
sur-YvetteCourcelle

sur-Yvette

Saint-Rémy-lès-Chevreuse

Magenta

Pantin
Noisy
le-Sec Bondy

Rosny–Bois-Perrier

Rosny-sous-Bois

Nogent–Le Perreux

Les Boullereaux
Champigny Villiers-sur-Marne

Le Plessis-Trévise
Les Yvris
Noisy-le-Grand

Émerainville
Pontault-Combault

Roissy-en-Brie

Ozoir-la-Ferrière
Gretz
Armainvilliers

Tournan

Le Raincy
Villemomble
Montfermeil

Gagny
Le Chénay
Gagny Chelles

Gournay

La Défense

Charles
de Gaulle
Étoile

Sucy
Bonneuil

Boissy-Saint-Léger

Massy–Verrières

Pont
de Rungis
Aéroport

d’Orly Orly–Ville

Les Saules

Moulin-Galant

Le Plessis–Chenet

Ponthierry
Pringy

Boissise
le-Roi

Vosves

Le Coudray
Montceaux

Saint
Fargeau

Mennecy

Malesherbes *

Fontenay
aux-Roses

Robinson

Parc de Sceaux Choisy
le-Roi

Cergy
Le Haut

Orry-la-Ville–Coye *
Chantilly–Gouvieux *

2Zone

1Zone

3Zone

4Zone

5Zone

Paris

2Zone

2Zone
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4Zone
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D2 Abbesses
D5 Alésia
F4 Alexandre Dumas
C3 Alma–Marceau
B2 Anatole France
D2 Anvers
B3 Argentine
E3 Arts et Métiers
D4 Assemblée
   Nationale
D3 Auber
F1 Aubervilliers–Pantin
   Quatre Chemins
B4 Av du Pdt Kennedy
   Maison
   de Radio France
C4 Avenue Émile Zola
B3 Avenue Foch
B3 Avenue
   Henri Martin
F4 Avron
B5 Balard
E2 Barbès
   Rochechouart
E1 Basilique
   de Saint-Denis
E4 Bastille
F5 Bel-Air
F3 Belleville
G4 Bérault
F5 Bercy
F5 Bibliothèque
   Fr. Mitterrand
A5 Billancourt
C4 Bir-Hakeim
D2 Blanche
G2 Bobigny
   Pablo Picasso
G2 Bobigny–Pantin
  Raymond Queneau
C3 Boissière
F3 Bolivar
E3 Bonne Nouvelle
F3 Botzaris
B5 Boucicaut
B4 Boulainvilliers
A4 Boulogne
   Jean Jaurès
A4 Boulogne
  Pont de Saint-Cloud
D3 Bourse
E4 Bréguet–Sabin
D2 Brochant
F3 Buttes Chaumont
F4 Buzenval
D3 Cadet
C4 Cambronne
E5 Campo-Formio
E4 Cardinal Lemoine
D1 Carrefour Pleyel
E5 Censier–Daubenton
C4 Champ de Mars
   Tour Eiffel
C3 Champs-Élysées
   Clemenceau
B4 Chardon-Lagache
G6 Charenton–Écoles
C3 Charles de Gaulle
   Étoile
B4 Charles Michels
F4 Charonne
E3 Château d’Eau
G4 Château
   de Vincennes
E3 Château-Landon
E2 Château Rouge
E4 Châtelet
E3 Châtelet–Les Halles
C6 Châtillon
   Montrouge
D3 Chaussée d’Antin
   La Fayette
E4 Chemin Vert
E5 Chevaleret
E4 Cité
D6 Cité Universitaire
D4 Cluny–La Sorbonne
E3 Colonel Fabien
C4 Commerce
D3 Concorde
C5 Convention
F2 Corentin Cariou
B5 Corentin Celton
E5 Corvisart

C3 Courcelles
F3 Couronnes
F5 Cour Saint-Émilion
G6 Créteil–L’Échat
G6 Créteil–Préfecture
G6 Créteil–Université
F2 Crimée
G4 Croix de Chavaux
F2 Danube
F5 Daumesnil
D5 Denfert-Rochereau
F5 Dugommier
C4 Dupleix
C4 Duroc
C4 École Militaire
G6 École Vétérinaire
   de Maisons-Alfort
D5 Edgar Quinet
B4 Église d’Auteuil
G2 Église de Pantin
A2 Esplanade
   de La Défense
E3 Étienne Marcel
D3 Europe
A4 Exelmans
F4 Faidherbe–Chaligny
D4 Falguière
C4 Félix Faure
E3 Filles du Calvaire
G1 Fort d’Aubervilliers
C3 Franklin D. Roosevelt
E1 Front Populaire
D2 Funiculaire
   de Montmartre
C1 Gabriel Péri
D5 Gaîté
G3 Gallieni
F3 Gambetta
E4 Gare d’Austerlitz
E3 Gare de l’Est
E4 Gare de Lyon
E3 Gare du Nord
D1 Garibaldi
D6 Gentilly
C3 George V
D5 Glacière
E3 Goncourt
D3 Grands Boulevards
D2 Guy Môquet
D3 Haussmann
   Saint-Lazare
D3 Havre–Caumartin
G2 Hoche
E4 Hôtel de Ville
C3 Iéna
C3 Invalides
A6 Issy
B5 Issy–Val de Seine
F6 Ivry-sur-Seine  
E3 Jacques Bonsergent
B4 Jasmin
E2 Jaurès
B4 Javel
B4 Javel–André Citroën
F3 Jourdain
D2 Jules Joffrin
E4 Jussieu
C3 Kléber
E2 La Chapelle
G1 La Courneuve
   8 mai 1945
A2 La Défense
D2 La Fourche
D2 Lamarck–Caulaincourt
C4 La Motte-Picquet
   Grenelle
B4 La Muette
D6 Laplace
E1 La Plaine
   Stade de France
C4 La Tour-Maubourg
F2 Laumière
F4 Ledru-Rollin
E6 Le Kremlin-Bicêtre
D3 Le Peletier
C1 Les Agnettes
B1 Les Courtilles
E5 Les Gobelins
D3 Les Halles
B2 Les Sablons
G5 Liberté
D3 Liège 
E2 Louis Blanc
B2 Louise Michel

B5 Lourmel
D4 Louvre–Rivoli
D4 Luxembourg
D4 Mabillon
D3 Madeleine
E3 Magenta
C1 Mairie de Clichy
G4 Mairie de Montreuil
D6 Mairie de Montrouge
D1 Mairie de Saint-Ouen
G3 Mairie des Lilas
B5 Mairie d’Issy
F6 Mairie d’Ivry
E6 Maison Blanche
G6 Maisons-Alfort
   Les Juilliottes
G6 Maisons-Alfort–Stade
C5 Malakoff
   Plateau de Vanves
C6 Malakoff
   Rue Étienne Dolet
C2 Malesherbes
G4 Maraîchers
E2 Marcadet
   Poissonniers
A5 Marcel Sembat
E2 Marx Dormoy
E4 Maubert–Mutualité
F3 Ménilmontant
A6 Meudon–Val Fleury
B4 Michel Ange–Auteuil
B4 Michel Ange–Molitor
F5 Michel Bizot
B4 Mirabeau
C3 Miromesnil
C3 Monceau
F4 Montgallet
D4 Montparnasse
   Bienvenüe
D5 Mouton-Duvernet
D4 Musée d’Orsay
F4 Nation
B3 Neuilly–Porte Maillot
E5 Nationale
D3 Notre-Dame
   de-Lorette
D4 Notre-Dame
   des-Champs
E3 Oberkampf
D4 Odéon
E5 Olympiades
D3 Opéra
F2 Ourcq
D3 Palais Royal
   Musée du Louvre
F2 Pantin
F3 Parmentier
B4 Passy
C4 Pasteur
F3 Pelleport
F3 Père Lachaise
C2 Pereire
C2 Pereire–Levallois
D5 Pernety
F4 Philippe Auguste
F4 Picpus
F6 Pierre et Marie Curie
D2 Pigalle
D2 Place de Clichy
F3 Place des Fêtes
E5 Place d’Italie
E4 Place Monge 
C5 Plaisance
G6 Pointe du Lac
E3 Poissonnière
C3 Pont de l’Alma
B2 Pont de Levallois
   Bécon
A2 Pont de Neuilly
A5 Pont de Sèvres
B5 Pont du Garigliano
E4 Pont Marie
D4 Pont Neuf
B3 Porte Dauphine
A4 Porte d’Auteuil
G3 Porte de Bagnolet
C2 Porte de Champerret
F5 Porte de Charenton
E6 Porte de Choisy
C2 Porte de Clichy
E2 Porte de Clignancourt
E2 Porte de la Chapelle
F2 Porte de la Villette
G4 Porte de Montreuil

F2 Porte de Pantin
A5 Porte de Saint-Cloud
D2 Porte de Saint-Ouen
G3 Porte des Lilas
C5 Porte de Vanves
C5 Porte de Versailles
G4 Porte de Vincennes
E6 Porte d’Italie
E6 Porte d’Ivry
G5 Porte Dorée
D5 Porte d’Orléans
B3 Porte Maillot
D5 Port-Royal
F3 Pré-Saint-Gervais
A2 Puteaux
D3 Pyramides
F3 Pyrénées
E5 Quai de la Gare
E4 Quai de la Rapée
D3 Quatre-Septembre
E3 Rambuteau 
B4 Ranelagh
D5 Raspail
E3 Réaumur–Sébastopol
D4 Rennes 
E3 République
F4 Reuilly–Diderot
E4 Richard-Lenoir
D3 Richelieu–Drouot
F2 Riquet
G4 Robespierre
D2 Rome
B3 Rue de la Pompe
F4 Rue des Boulets
D4 Rue du Bac
F3 Rue Saint-Maur
F3 Saint-Ambroise
D3 Saint-Augustin
E1 Saint-Denis
   Porte de Paris
E1 Saint-Denis
   Université
G3 Saint-Fargeau
C4 Saint-François-Xavier
D3 Saint-Georges
D4 Saint-Germain-des-Prés
D5 Saint-Jacques
D3 Saint-Lazare
G4 Saint-Mandé
E5 Saint-Marcel
D4 Saint-Michel
D4 Saint-Michel
   Notre-Dame
D1 Saint-Ouen
E4 Saint-Paul
C3 Saint-Philippe-du-Roule
D4 Saint-Placide
E4 Saint-Sébastien
   Froissart
D4 Saint-Sulpice
C4 Ségur
E3 Sentier
D4 Sèvres–Babylone
C4 Sèvres–Lecourbe
E2 Simplon
D4 Solférino
E1 Stade de France
   Saint-Denis
E2 Stalingrad
E3 Strasbourg–Saint-Denis
E4 Sully–Morland
F3 Télégraphe
E3 Temple
C3 Ternes
E5 Tolbiac
D3 Trinité
   d’Estienne d’Orves
B3 Trocadéro
D3 Tuileries
D4 Vaneau
C4 Varenne
C5 Vaugirard
D4 Vavin
B3 Victor Hugo
E6 Villejuif–Léo Lagrange
E6 Villejuif–Louis Aragon
E6 Villejuif–P. V.-Couturier
D2 Villiers
C4 Volontaires
F4 Voltaire
C2 Wagram

Index des stations du plan de métro

@dLycée
@HHôpital–Clinique

Mairie–Hôtel de Ville@E
@I IndustrieStade–Complexe sportif@o

Université@f

Église–Temple@c
Mosquée@m

@jSynagogue @hCentre 
Commercial Échelle

Symboles utilisés Stations ou gares en correspondance

Terminus de ligne

0 100 200 300 400 500 m

RER : au-delà de cette limite, en direction de
la banlieue, la tarification dépend de la distance.
Les tickets t+ ne sont pas valables.

Piscine@p

Pôle d’échange multimodal, métro, RER, tramway

Ligne et station de Métro

Ligne et gare de RER

Ligne et gare SNCF

Ligne et arrêt de Tramway

Ligne de Bus en périphérie249

Liaisons urbaines

* Comptoir-Club
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Napolean’s March

56

From E. Tufte 
The Visual Display of 

Quantitative 
Information

Graphic by Minard size of army 
direction 

latitude 
longitude 

temperature 
date 



NYC Weather

57

Tufte, Vol. 1 2220 numbers
58[ weatherspark.com ] 

Examples

• Software

59

Map of the Market

60

www.smartmoney.com/marketmap



New York Timeformations

61
http://www.skyscraper.org/timeformations/transparent.html

Music Plasma

62

http://www.musicplasma.com/

StarTree

63

Hyperbolic Tree

www.inxight.com

SunBurst

64

www.cc.gatech.edu/
gvu/ii/sunburst



HomeFinder

65

HCIL  
U of 

Maryland

66

67 68



69

InfoVis Pipeline

70

Data, Marks & Spaces

71

InfoVis Pipeline

72



Data Sets

• Data comes in many different forms 

• Typically, not in the way you want it 

• How is stored (in the raw)?

73

Example
• Cars 

• make 
• model 
• year 
• miles per gallon 
• cost 
• number of cylinders 
• weights 
• ...

74

Data Tables

• Often, we take raw data and transform it into a form that is more 
workable 

• Main idea: 

• Individual items are called cases 

• Cases have variables (attributes)

75

Data Table Format

76

Dimensions
Variable1 Variable2 Variable3 Variable4 ...

Case1

Case2

Case3

Case4

Value1,1 Value1,2 Value1,3 Value1,4

Value2,1 Value2,2 Value2,3 Value2,4

Value3,1 Value3,2 Value3,3 Value3,4

Value4,1 Value4,2 Value4,3 Value4,4

...

Think of as a function: 
f(casei) = <valuei,1, valuei,2,…,valuei,n>



Data Table Example

77

People in Class
Hair Age GPA ID ...

Marie

Jean

Henri

Bob

brown 23 12,3 901-12-3456

black 17 14,6 901-12-4567

blond 47 10,2 901-12-5678

red 29 11,8 901-12-6789

...

Example

78

Baseball 
Statistics

Variable Types
• Three main types of variables 

• N-Nominal  (equal or not equal to other values) 
• Example: gender 

• O-Ordinal  (obeys < relation, ordered set) 
• Example: fr,so,jr,sr 

• Q-Quantitative   (can do math on them) 

• Can be absolute or relative 
• Example: age, temperature

79

Metadata
• Descriptive information about the data 

• Might be something as simple as the type of a variable, or could be 
more complex 

• For times when the table itself just isn’t enough 

• Example:   

• if car motor is electric, then L/100km is meaningless. 

• number of home runs ≤ number of at-bats

80



How do we show the data?

81

How Many Variables?
• Data sets of dimensions 1, 2, 3 are common 

• Number of variables per class 

• 1 - Univariate data 

• 2 - Bivariate data 

• 3 - Trivariate data 

• >3 - Hypervariate data

82

InfoVis Pipeline

83

Map data to a representation

• Data is abstract 

• Representation is more conceptual 

• Use a space 

• Create an implantation of data into the space

84



Visual Structures

• Composed of 

• Spatial substrate 

• Marks 

• Graphical properties of marks

85[ Bertin, Sémiologie Graphique 1967 ] 

Space
• Visually dominant 

• Often put axes on space to assist 

• Use techniques of 
   composition, alignment, folding, 
   recursion, overloading to  

1.increase use of space 

2.do data encodings

86

Marks

• Things that occur in space 

• Points 

• Lines 

• Areas 

• Volumes

87

Graphical Properties

88

Expressing 
extent

Differentiating 
marks

Object propertiesSpatial properties

position 
size greyscale

color 
shape 
texture

orientation



There are only 5 graphics
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(sort of…)

Infographie 
 

(posters visuels)  

Données 
quantitatives 

Idées & 
concepts 

alertes, harvey balls graphes combinés Attributs pilotés par donnée : couleur, bordure, épaisseur, taille signifiantes 

Détails multi-niveaux :sparklines, super-charts, sub-dashboards & figurés, glyphes  

Tables 
 

(Classement et 
Matrice ordonnable 

 

Symboles 
 

(images et 
affiches)  

Diagrammes 
 

(organigramme, 
ordinogramme, 
logigramme…) 

Cartes géo-
graphiques 

Graphes sur plan 

Graphes sur rail 

Texte 
 

(Mise en page  
et calligrammes)  

Graphes en réseau 

90[ Claude-Henri Mélédo, ALdecis ]

Tables

91

Graphs on rails

92

0

25

50

75

100

Quarter 1 Quarter 2 Quarter 3 Quarter 4

East
West
North

M
on

ey

Time

7 

5 

3 

1 0 20



Graphs on rails
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Graphs on rails

94

Graphs on rails

95

Graphs on rails
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Graphs on rails
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Graphs on rails

98

Graphs on rails

99

Graphs on the plane
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M
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Infographie 
 

(posters visuels)  

Données 
quantitatives 

Idées & 
concepts 

alertes, harvey balls graphes combinés Attributs pilotés par donnée : couleur, bordure, épaisseur, taille signifiantes 

Détails multi-niveaux :sparklines, super-charts, sub-dashboards & figurés, glyphes  

Tables 
 

(Classement et 
Matrice ordonnable 

 

Symboles 
 

(images et 
affiches)  

Diagrammes 
 

(organigramme, 
ordinogramme, 
logigramme…) 

Cartes géo-
graphiques 

Graphes sur plan 

Graphes sur rail 

Texte 
 

(Mise en page  
et calligrammes)  

Graphes en réseau 

101[ Claude-Henri Mélédo, ALdecis ]

Geospatial maps

102

Well-studied area

• Cartographers and map-makers have a wealth of knowledge about 
the design and creation of visual information artifacts 

• Labeling, color, layout, … 

• Information visualization researchers should learn from this older, 
existing area

103

Networks & Diagrams

104



Networks & Diagrams

105

Conceptual Images

106

Infographie 
 

(posters visuels)  

Données 
quantitatives 

Idées & 
concepts 

alertes, harvey balls graphes combinés Attributs pilotés par donnée : couleur, bordure, épaisseur, taille signifiantes 

Détails multi-niveaux :sparklines, super-charts, sub-dashboards & figurés, glyphes  

Tables 
 

(Classement et 
Matrice ordonnable 

 

Symboles 
 

(images et 
affiches)  

Diagrammes 
 

(organigramme, 
ordinogramme, 
logigramme…) 

Cartes géo-
graphiques 

Graphes sur plan 

Graphes sur rail 

Texte 
 

(Mise en page  
et calligrammes)  

Graphes en réseau 

107[ Claude-Henri Mélédo, ALdecis ]

Back to Data
• What were the different types of data sets? 

• Number of variables per class 

• 1 – Univariate data 

• 2 – Bivariate data 

• 3 – Trivariate data 

• >3 – Hypervariate data

108



Univariate Data
• Representations

109

7 

5 

3 

1

0 20

What Goes Where?
• In univariate representations, we often think of the data case as 

being shown along one dimension, and the value in another 

110

• Y-axis is quantitative variable 
• See changes over consecutive values

• Y-axis is quantitative variable 
 • Compare relative point values

Line graph Bar graph

Alternative View
• We may think of graph as representing independent (data case) and 

dependent (value) variables 

• Guideline: 

• Independent vs. dependent variables 

• Put independent on x-axis 

• See resultant dependent variables along y-axis

111

Bivariate Data

Pr
ic

e
Mileage

• Representations

112

Scatterplot is common

Each mark is 
now a data 

case

Two variables, 
want to see a 
relationship 

Is there a linear, 
curved, or random 

relationship?



Trivariate Data
Pr

ic
e

Mileage

• Representations

113

3D scatterplot is possible

Horse
power

Alternative Representation

Pr
ic

e

Mileage

Still use 2D but have 
mark property 
represent third  

variable

• Representations

114

Alternative Representation

Represent each variable  
in its own explicit way

• Representations

115

Hypervariate Data
• Ahhh, the tough one 

• Number of well-known visualization techniques exist for data sets of 
1-3 dimensions 

• line graphs, bar graphs, scatter plots OK 

• We see a 3-D world (4-D with time) 

• What about data sets with more than 3 variables? 

• Often the interesting, challenging ones

116



Multiple Views
• Give each variable its own display

117

A B C D
1 8 3 10 6
2 4 9 3 4
3 10 6 4 5
4 1 3 9 7

A B C D

Scatterplot Matrix

• Represent each possible pair of 
variables in their own 2-D 
scatterplot 

• Useful for what? 

• Misses what?

118

Chernoff Faces
• Encode different variables’ values in 

characteristics of human face

119

Critique du moment

120



121

Ratio of boys to girls 
among exam takers

122

So far…

• We examined a number of tried-and-true techniques/visualizations 
for presenting multivariate (typically ≤3) data sets 

• Hinted at how to go above 3 dimensions

123

More Dimensions
• Fundamentally, we have 2 display dimensions 

• For data sets with >2 variables, we must project data down to 2D 

• Come up with visual mapping that locates each dimension into 2D 
plane 

• Computer graphics 3D→2D projections

124



Wait a moment...

• A spreadsheet already does that 

• Each variable is positioned into a column 

• Data cases in rows 

• This is a projection (mapping)

125

Parallel Coordinates

126

V1 V2 V3 V4

C1

C2

C3

V5

7 3 4 8 1

2 7 6 3 4

9 8 1 4 2

0,0

0,9
1,8
2,7
3,6
4,5
5,4
6,3
7,2
8,1
9,0

V1 V2 V3 V4 V5

Parallel Coordinates

0,0
0,9

1,8
2,7
3,6
4,5
5,4
6,3
7,2
8,1
9,0

V1 V2 V3 V4 V5

• Encode variables along a 
horizontal row 

• Vertical line specifies different 
values that variable can take 

• Data point represented as a 
polyline

127

Parallel Coordinates Example

128

Basic

Greyscale

Color



Issue

• Different variables can have values taking on quite different ranges 

• Must normalize all down (e.g., f(x): ℕ → [0, 1])

129

Example
• VLSI chip manufacture 

• Want high quality chips (high speed) and a high yield batch (% of 
useful chips) 

• Able to track defects 

• Hypothesis:  No defects gives desired chip types 

• 473 batches of data

130

The Data

• 16 variables 

• X1 — yield 

• X2 — quality 

• X3–X12 - # defects (inverted) 

• X13–X16 - physical parameters

131

Parallel Coordinates

132

Distributions 
x1 - normal 
x2 - bipolar

defects parameters
yield & 
quality

Yikes! 
But not 

that bad



Top Yield & Quality

133

defects
split

Minimal Defects

134

Not the 
highest 

yields and 
quality

Best Yields

135

Appears that 
some defects 
are necessary 

to produce  
the best chips 

Non-intuitive!

Challenges

136

Out5d dataset (5 dimensions, 16384 data items)



Dimensional Reordering

137

Which dimensions are most like each other?

Same dimensions ordered by similarity

Dimensional Reordering

138

Can you 
reduce clutter 
and highlight 

other 
interesting 
features in 

data?

Reducing Density

139

[ Artero et al, InfoVis 2004 ]

[ Johansson et al, InfoVis 2005 ]

Querying the Display

• Provide a variety of techniques to pick out the “interesting” data 
points from the display

140



Smooth Brushing

• Specify a region of interest along 
one axis

141

Interaction

142


