a brief history of
Data Visualization

What was the first
data visualization?

Jeffrey Heer

~6200 BC Town Map of Catal Hyiik, Konya Plain, Turkey 6200 BC Geographica, Ptolemy 150 AD
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Graphing theoretical functions, Oresme ~1350 Sunspots over time, Scheiner 1626
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The Golden Age of

Data Visualization
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Longitudinal distance between Toledo and Rome, van Langren 1644 1786 1900
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The Commercial and Political Atlas, William Playfair 1786 Statistical Breviary, William Playfair 1801
00— O0—O00—00—

. e ! 1. i " . .
i m : BLAGRAM ar ris CAUSES or MERTALITY
e Lz pr o i ibii APREL 855 e MAKCH 1834 iH THE ARMY s THE EAST. AFRIL 5 m MAREH W55,
| | T ) ™ T et -
fH [T | Ty
5 | i! : || |i--[1., ;'.| ’ o .\‘ <
¥y } il I FEERE i \ 7 E
T ﬂ REE 4, ! I L ; ‘1 ’
| Ty pep— i f - \H 5 e
| il a1 .y a o
T T e - + i3 f
’ 1 | | "! i 1 T- F """ Crrnre ™ % 11-
[ . A4 - o
bt ] 1t 12 “to affect thro' the Eyes N
pe ke | | * a f
ERUREE A AURNRRE. (NEEANEWE B 3 T T what we fail to convey to e
FREEL. | 11 " ! X .
; N R _ & HNE BRSE N the public through their ..
™ ™ T LR LI word-proof ears”
86 822 Price o eat and Wages of Labo am Playfa 1856 “Coxcomb” of Crimean War Deaths, Florence Nightingale

0—0—0 e e € O O ————




Consommations approsimatives & l Houille des 12 Grande Bretagne & 1850 4 1864 .
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The Dark Ages?

1884 Rail Passengers and Freight from Paris




Rise of formal methods in statistics and
social science — Fisher, Pearson, ...

Little innovation in graphical methods

A period of application and popularization

Graphical methods enter textbooks,
curricula, and mainstream use

The Modern Era




LES VARIABLES DE L'IMAGE
_POINTS__ LiGNES

XY
2 DIMENSIONS
DU PLAN

z
TAILLE

VALEUR

x

]
1

LES VARIABL
GRAIN

COULEUR

ORIENTATION

FORME

DE SE

5
=
4|
N

PARATION DE

LES VARIABLES DE L'IMAGE
POINTS

XY
2 DIMENSIONS
DU PLAN

z
TAILLE

VALEUR

x

]
1

Sémiologie Graphique 1967 1983 English Trans.
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Bertin’s Semiology of Graphics

1. A, B, C are distinguishable
2.Bis between A and C.

¢ | 3.BCistwice aslongas AB.

_I_
+ B
A

.. Encode quantitative variables

"Resemblance, order and proportion are the three
signifieds in graphics.” - Bertin

Sémiologie Graphique 1967 1983 English Trans.
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Compare area of circles




Steven’s Power Law

p Heaviness Taste
S = I T 1 TYPE 2 TYPE 3

100

TYPE 4 TYPE S
100 100 100
p <1: underestimate
p>1: overestimate Area
Velume
Brightness
: Loudness — —L oI n S - -

Smell
] Figure 4. Graphs from position-length experiment.

Cleveland & McGill, Graphical Perception 1984

TYPE 1 (POSITION) Most accurate Position (common) scale

TYPE 2 (PDSITION) Position (non-aligned) scale

TYPE 3 (POSITION) Length

TYPE 4 (LENGTH)
Slope
TYPE 5 (LENGTH)
Angle

TYPE 1 (POSITIONY Area

TYPE 2 CANGLE}

Volume

T
1.5

LOG BASE 2 (ABSOLUTE ERROR + . 123

Figure 16. Log i for fudgment types .
angie axperiment (bottom)

Least accurate Color hue-saturation-density

[Cleveland and McGill 84] Cleveland & McGill, Graphical Perception 1984
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The Future of Data Analysis, Tukey 1962 PRIM-9, Tukey, Fisherkeller, Friedman 1972
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Brushing Scatterplots, Becker & Cleveland 1982 Information Visualizer, Xerox PARC 1991
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Dynamic
HomekFinder

Reset | Ouit
Save | Print [ Colon by % chuanae!

Dist to A: R

Financial

Bedroons:
©F N highights

Finnd (roanee ur ticker)

Trangnon
Cosumes Cyclical gy

The yellow dots above are homes in the DC area for sale. Hse TH | Cnd
You may get nore information on a hone by selecting it. CONSUMmIET Stapiss Codor scheme

You may drag the ‘A’ and ‘B’ distance markers to your . -
office or any other location uou want to live near- Features: O rediyeen

Select distances, bedroons, and cost ranges by Gra Frl & pueiyelow
right.

dragging the corresponding slider boxes on the

Select specific home tupes and services by pressing eAc New
ight.

the labeled buttons on the right

HomeFinder, Williamson & Shneiderman 1993 Map of the Market, Wattenberg 1999
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Casualties of War, New York Times 2006
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440,000 veon of CO, ond benparohure

The Rise of Graphical Literacy
and Expression

Percentage of Chart Which Resembles Pac-man

u Resembles Pac-
man

[l Coes not resemble
Pac-man

http://www.boingboing.net/2006/11/02/hilarious-piechartvi.html

Chart Typology

n
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MY MUSIC LESSON

Every Wednesday, when I get home from school, | have a piano

lesson. My teacher is a very strict h: 2l 5e . Her name is
i nte
Haf“i [a_ﬂ C I.‘ (‘Jlnr pi.'mn is a Steinway Concert
iﬂ(“‘il‘)gndlél

and it has 88 U‘LC- PS . Italso has a soft pedal and a/an
Al

"’7‘%; L7.¢ pedal. When | have a lesson, I sit down on the piano

AIBERTS ; |6 Mliads . 1doscales
and play for _"(—_66‘6?'1"1%_ I do scales o

NOuN PERI:

excrcise my ca f"% Jand then [ usually play a minuet by

Johann Sebastian_Wa.ch
CELE

L f > . Teacher says | am a natural
BRITY NAME)

Fﬁﬂlﬁm and have a good musical _li;',)_ﬁ_. . Perhaps
NOUN PARTOF THE ¥

when I get better I will become a concert__ Y € ___and give
oy Ession
a recital at Carncgic ht"' PdTa | :
OF BULLDING
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Data Visual Form Task

Data Visual "
1>

Data Visual View

Transformations Encodings Transformations |

Today's first task is not to invent wholly new
[graphical] techniques, though these are needed.
Rather we need most vitally to recognize and
reorganize the essential of old techniques, to make
easy their assembly in new ways, and to modify their
external appearances to fit the new opportunities.

J. W. Tukey, The Future of Data Analysis, 1962.
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Protovis: A Declarative Language for Visualization
http://protovis.org/
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Protovis

Create customized visualizations using a
declarative specification language.

var vis = new pv.Panel();

vis.add(pv.Bar)
.data([1,1.2,1.7,15, .7])
bottom(10).width(20)
‘height(function(d) d * 70)
Jleft(function() this.index * 25 + 20);
vis.render();

Protovis (protovis.org) - JavaScript Visualization Tools
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var army = pv.nest(napoleon.army, "dir", "group");
var vis = new pv.Panel(;

var lines = vis.add(pv.Panel).data(army);
lines.add(pv.Line)
.data(function() army[this.idx])
left(lon).top(lat).size(function(d) d.size/8000)

.strokeStyle(function() color[army[panelndex][o].dir]);

vis.add(pv.Label).data(napoleon.cities)
left(lon).top(lat)
text(function(d) d.city).font(italic 10px Georgia’)
textAlign(‘center’).textBaseline('middle");
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vis.add(pv.Rule).data([0,10,-20,-30])
_top(function(d) 300 - 2*d - 0.5).left(200).right(150)
lineWidth(1).strokeStyle("#ccc’)
.anchor('right’).add(pv.Label)
font(italic 10px Georgia")

text(function(d) d+"*").textBaseline("center”);

vis.add(pv.Line).data(napoleon.temp)
Jleft(lon).top(tmp) strokeStyle(*#0")
add(pv.Label)
‘top(function(d) 5 + tmp(d))
_text(function(d) d.temp+"* "+d.date.substr(0,6))
textBaseline("top’).font('italic 10px Georgia’)
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Bach’s Prelude #1 in C Major | Jieun Oh

FlickrSeason | Ken-Ichi Ueda
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Dymaxion Maps | Vadim Ogievetsky
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The Reconciliation of Formal

and Graphical Methods

The Data Life-Cycle
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Ach|5|t|on
Cleanlng
While it is often most helpful to “plot the data,” this
is rarely enough. We need also to “plot the results |ntegra’c|on
of analysis” as a routine matter. There is often more
analysis than there was data. Vlsuallzatlon
J. W. Tukey, The Future of Data Analysis, 1962. Ana|y5|s
Presentatlon
Dlssemlnat|on

=2 mili @ all ©'men © women % of Work Force ~ Great depression "killed" a lot of brokers
= Stock Broker @ all O'men © women Total People Count ~
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18 1871 1 1940 1980 108! el




=2 dent Oall ®men O women % of Work Force ~
Voyagers and Voyeurs

Complementary faces of analysis

Voyager - focus on visualized data
Active engagement with the data

o Serendipitous comment discovery

o Voyeur - focus on comment listings

o Jechnician - Medical / Dental ; ;. Investigate others’ explorations
Find people and topics of interest
Catalyze new explorations

Acquisition
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—that’s going to be a hugely important
skill in the next decades, not only at the professional
level but even at the educational level for elementary
school kids, for high school kids, for college kids.

Cleaning

Integration

!

Visualization

!

Analysis

Because now we really do have essentially free and
ubiquitous data. So the complimentary scarce factor is
the ability to understand that data and extract value
from it.

Presentation

!

. A Hal Varian, The McKinsey Quarterly, Jan 2009
Dissemination




Jeffrey Heer Stanford University
http://hci.stanford.edu/jheer
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