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Graphs as communication

Success stories from the Golden Age

= A.-M. Guerry & the invention of social science
= The graphical vision of Ch. Jos. Minard

= Galton’s greatest graphical discovery

Where are we today?

= Graphs for data exploration & model fitting

= Cognitive interfaces for models & graphics
Where should we go in future?

Different graphs for different purposes

Presentation

Exploration

Goal: the Wow! experience Goal: the Ah ha! Experience

Single image for a large audience
(you!), linked to analysis

Many images, for a narrow audience

3

Different graphs for different purposes

. . Baslc Functlons of Data Displa;
* Graphs (& tables) as communication: G
* What is the audience? ’W‘
. Primary Use y
« What is the message? v | [ Prosotaencon | | rmcpes
» Analysis graphs: design to see gReconnsisonce.  Fercepton
patterns, trends, aid the process of
data description, interpretation Anaiysts |\~ Explomtion Oesecoon
. ) £
* Presentation graphs: design to /-" '\ Diagnosis Compaitson
make a point, illustrate a conclusion 1 Model buikding
Data
B|‘splay\\
i % gl Shmulate Acshelics
b
u !
»i0 Persuade Bhetons
.'110 Inferm Exposlon




Presentation graph: Nightingale’s coxcomb

GCauses of Mortality in the Army in the East
April, 1854 to March 1855

Florence Nightingale: Deaths in the

Crimean war from battle vs. other B non-Baro
causes (disease, wounds) M eauc
She used this to argue for better August

field hospitals (MASH units)

Sept

March

The best presentation graphs pass
the Interocular Traumatic Test:
The message hits you between the

February

Jan 1855
From: F. Nightingale, "Notes on Matters Attecting the Health,
Efficienc vy and Hospital Administration ot the British Army", 1858

Rhetorical graph: Welfare income and Homeless
deaths after the “Common Sense Revolution”

Liberals NDP Conservatives (“CSR”) Liberals

Common Sense Revolution

1L

Analysis graph: Deaths vs. Income

Common Sense Revolution

Scatterplot of deaths vs. 2005
income p,d,r,! )
* Loess smooth + Cl band Ilmemu

2004 Conserative
« Labels: year K |
« Color: party in power X
2003 \

The message here is

interesting, but it lacks the '
power and eloquence of 1289
the original graph ___%

‘Walfare income

@85 daath
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Context: Milestones Project

www.math.yorku.ca/SCS/Gallery/milestone

Pre-1600 1600 1700 1800-1850
- 5] - 3 s

Milestones in the History of
Thematic Cartography,
Statistical Graphics,

and Data Visualization o Toooion e 1575 present

Anillustrated chronology of innovations | i iiiﬁﬁ : %

by Michael Friendly and Daniel J. Denis 7 o ﬁwﬁqg 7 i ] Bmisicisis il

Up: Gallery Introduction Related References Term Index Category XRef _ISeamh
B Pre-1500 B 15005 B 17005 B 1500+ B 1250+ [ 1a00+ B 1g50+ B 575+

Project goals:
» Comprehensive catalog of developments in history of data visualization
* Tool to study themes, antecedents, influences, patterns, trends, etc.




Milestones: Content Overview
Every picture has a story — Rod Stewart
/;\\\/\ c. 550 BC: The first world map? (Anaximander of Miletus)

1669: First graph of a continuous distribution function
(Gaunt's life table)— Christiaan Huygens.

&
Uf'ﬂ a ‘a.} 1801: Pie chart, circle graph -
L TS =William Playfair
1701: First contour map- U_
Edmund Halley: -

1924: Pictograms- 1991-1996:
_ ., Otto Neurath Interactive data
896: Bivariate map- ‘.!;' wE:
cques Bertillon :

U
i 5

[Eclar ] 17th 19th C 194h Century | 20th Century | 9
1000 1600 1700 1800 1300 2000

. visualization
o H““i" systems (Xgobi,

1850-1900: Golden Age

BURIES ASSOLYTS i NATI VIVI

1855: Dot map of
disease data (cholera)-
John Snow

Y
1879: Stereogram (3D !
population pyramid)- Luigi : f
Perozzo
1884: Recursive 1896: Area
multi-mosaic on a rectangles on a map
map- Emile to display two
Cheysson variables and their
product- Jacques
Bertillon
[ eclan 1Tth 18th 1 5th Cantury T Z0th Century
1000 1600 1700 1800 1900 2000

Stories from the Golden Age (1850-1900)

Stories: Themes:
o Guerry & the e Statistics: numbers of the

invention of social St,ate , .
e * Rise of visual thinking

L * Visualization — Theory
. Gl_'aphlc vision of C. J. (graphic discovery)
Minard .

Theory — Practice
* Galton’s graphical Graphical excellence
discoveries

* Statistical albums
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A.-M. Guerry and the invention of social
science

2E
Flace de Vllcole-de-Médeeine, m, 13,

André-Michel Guerry (1802-1866)

* Essai presented to Academie des

Sciences Francais: July 2, 1832 ESSAI
« First analysis of comprehensive *
data on crime, suicide, other ‘moral’ LA ST ATISTIQU]!
variables.
: m@m&l&@

*Along with Quetelet, established
the study of “moral statistics” ->
criminology, sociology, “social

DE LA FRANCE,

mn

science'. A, M, GUERRY,
o 16 cons s
UE TOLLME GRAND 1F-1% AVIC SPPT FLARCHES GNAVERS AT TMPRIMEDS B3 COEIELR,
: FRIX 1 18 FRANCS,
X o--:.‘- gl & obtenn be pris de atintique dlotrod e 1633
Fan aapdnin ReVaLs BEE HIROLS,
[Eclar ] 17thC 1gthc | C_ 1%th CenBiry 200th Century

1000 1600 1700 1800 1900 2000




The discovery of “social facts”
Stability and Variation

Guerry’s results were both compelling and startling:
» Rates of crime and suicide remained remarkably invariant over time, yet
varied sytematically by region, sex of accused, type of crime, etc.
» In any given French city or department, almost the same number
committed suicide, stole, gave birth out of wedlock, etc.

Year 1826 1827 1828 1829 1830 Avg
Sex All accused (%)

Male 79 79 78 77 78 78
Female 21 21 22 23 22 22
Age Accused of Theft (%)

16-25 37 35 38 37 37 37
25-25 31 32 30 31 32 31
Crime Committed in summer (%)

Indecent assault 5 36 36 35 38 36
Assault & battery . 28 27 27 27 28

“We are forced to conclude that the facts of the moral order are subject, like those of
the physical order to invariable laws.” (Guerry, 1833, p14)

Social context of crime in 1820s

* What to do about crime?

= Crime a serious concern: Explosive growth in Paris, widespread

unemployment, emergence of “dangerous classes”

= Liberal (“philanthrope”) view: increase education, better prison
conditions, religious instruction, better diet (bread and soup)

= Conservative view: build more prisons, harsher treatment of
recidivists
¢ But: there was very little data!
= That would soon change
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An avalanche of social numbers

* J.B.J. Fourier: Recherches statistique sur la ville de
Paris (1821-9)
= Massive tabulations: births, deaths (by cause), admission to
insane asylums (age, sex, affliction)
* Ministry of Justice: Compte generale (1825--)
= First national compilation of criminal justice data
= All charges & dispositions, quarterly, 86 departments
* Other sources:
= Bureau de Longitudes (illegitimate births)
= Parent-Duchatelet (prostitution); Min. of War (desertions)

* Social issues could now be addressed with DATA
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1829: Statistique comparée de l'état de l'instruction...

» First shaded thematic i e
g ey D il
maps of crime data :

Personal crime s, ")_’E‘n-\fré‘*".-"-”.
» First comparative maps of == J

social data

Phte g poncrans. VO
M imistre 3¢ la Susbi®

» — crime against persons
seemed inversely related
to crime against property!

» Instruction: — France
obscure and France
éclairée (Dupin, 1826)

» North of France highest in
education, but also in
property crime!

Property crime

16




1864: Statistique morale de I'’Angleterre comparée...

Dayenul!

» Proposes to replace simple “moral

statistics” (tables) with “analytical STATISTIQUE NORALE

statistics” L'ANGLETERRE
» calculation, graphic display i sn;.;}'.&;;' S I—

» — general, abstract results

» 17 large color plates (56 x 39 cm):
» data for France (1825-1855), England
(1834-1855)
» crimes against persons and property
decomposed in various ways
» first attempt to delineate multivariate
relations among moral variables

» Voluminous data:
» 85,564 suicide records (1836-1860),

classified by motive
» 226,224 accused of personal crime
» numbers, in aline — 1170 meters!

LA FRANCE

1864: Statistique morale de I'Angleterre comparée...

Comparing France and England

17 18
Statistique analytique: General causes of crime .. .
Plate XVII: M. Guerry’'s magnum opus The g raph IC VISIOn Of C " J " M I nard
English counties (ranked on each)
Goal et f-.-:-f-mu \cKII—lﬂ'c AR IR
» Show multivariate factors . P
associated with distribution of High pop.
. density
crime
* Before invention of correlation
Curve of neg.
association

Entries: Codes for factors
« Pop: (% Irish, domestics, ...) L £ . o 2l — curve of pos.
« Criminality: (male, young, ...) bie 1 it association

« Religion (Anglicans, dissenters, ...)

& X 8

e m 1| &

u

I~ 2 ™o

v
a n
j kg pdab i
1 N

Eh¥% nom

fi
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* Marey (1878): “defies the pen of the historian in its brutal eloquence”
* Tufte (1983): “the best statistical graphic ever produced”

20




Why Minard?

* Study breadth and depth of his work
= How related to work in his time?
= How related to modern statistical graphics?
= How related to his personal history?

Civil Engineer for ENPC S
(1810-1842) e, St Visual Engineer for France
=R (1843-1869)
//"""'-v—-.
-
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Visual thinking, visual explanation

Pant de Bourg-5% Andtol sur le Rhone.

1840: Why did the bridge at
Bourg-St. Andéol collapse?

Minard’s report consisted
essentially of this self-explaining
diagram.

Visual tools for state planning

* 1830—1860: emergence of modern
French state, dawn of globalization
* Trade, commerce, transportation:
= Where to build railroads, canals?

= Visualizing changes over time, differences
over space

*= — Flow maps and other graphical innovations

23

Flow maps as visual tools

Transport of passengers on the principal railroads in Europe in 1862

24




Effect of US civil war on cotton trade

Before After

Where to build a new post office?(1867)

Center of
gravity of
pop.
density
25 26
Galton’s vi i '
o alton’s visual discoveries-
The March Re-Visited (1869) Bivariate normal correlation surface (1886)
Hannibal’'s Table 9.1 One of Galton’s correlation tables
retreat
Height of
the mid- Height of the adult child
parcnt
ininches <617 622 632 642 652 662 672 682 692 702 712 722 732 »737
273 = = = = = - = = = — — 1 3 =
BE e mm e e == e — B % B T 2 M
, s e s e = X F A4 B §F W & 9 B D
Napoleon’s 70.5 1 — 1 — 1 1 3 12 18 14 7 4 3 3
1812 95 — — 1 16 4 17 27 20 33 25 2 11 4 S
68.5 1 — 7 11 16 25 31 34 48 21 18 4 3 —
i 5 — 3 5 14 15 3 38 28 38 19 11 4 — —
campaign 665 — 3 3 5 2 17 17 14 13 4 — — — —
65.5 1T — 9 s 7 11 omn 7 7 5§ 2 1 — =
64.5 1 1 4 4 1 5 5 — 2 - — — — =
<64.0 T — 2 4 1 2 2 1 1 = = = = =
Totals S 7 3 59 48 117 138 120 167 99 64 41 17 14
Medians — — 663 678 67.9 67.7 67.9 68.3 685 690 69.0 700 — —
27 Source: Galton (1886), p. 68. 3




Visual smoothing = Insight

Table 9.1 One of Galton’s correlation tables

Height of
the mid- Height of the adult child

parent
ininches <61.7 62.2 63.2 642 652 662 672 682 692 70.2 712 722 732 >73.7

<64

Tot: f38 130 18 i i
Medians — — 663 67.8 67.9 67.7 67.9 68.3 685 69.0 690 700 — —

Source: Galton (1886), p. 68.

T2y

Visual insight - Theory

* Level curves are ellipses
* Regression lines are loci

of conjugate tangents MID-PARENTS ADULT CHILDREN
r—e—— their Heights , and Deviations from 68%inches.

(1] &5 L3 & 68 68 0 n T ‘1‘]1

DIAGRAM BASED ON TABLE 1.
(all fewale heights are multiplied by 1'08)

... that Galton should have

evolved all this ... is to my
mind one of the most note-
worthy scientific discoveries
arising from analysis of pure

observation (Pearson 1920: Galton (1886, PI X): Smoothed contours of heights of parents and children 30
p37)

Galton’s discovery of weather patterns-
Perhaps the most notable purely graphic discovery ever!

METEOROGRAPHICA,

METHODS OF MAPPING THE WEATHER;

ILLUSTRATED BY UPWARDS OF 600 PRINTED AND LITHOGRAPHED DIAGRAMS

it

THE WEATHER OF A LARGE PART OF EUROFE,

During the Month of December 1861

By PRANCIS GALTON, FIRS.

(Galton, 1863)
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Method: All weather stations
across Europe asked to
record data 3x/day for all of
Dec., 1861

Data: recordings of
barometric pressure, wind
dir/speed, rain, temp., cloud:
3x/day, 50 weather stations
in Europe.

Graphic analysis: 3x31=93
maps, each with multivariate
glyphs showing all variables

Visual ideas:
* Iconic symbols
* Multivariate glyphs (stamps!)




Visual abstraction = Patterns

How to see patterns of geographical variation over time?
* Iconic symbols on a geographical grid
« “Small multiples:” separate graphs laid out for direct comparison

Dec. 2. Morning. Morgan. Afterncon, Nachmittag.

Evening, Abeud. Dee. 2

& :

T &
o

BIGOO]

O

OIOI¥HE
STololkl e Gl

£

Symbols in Barometrical €

Toches, Inches, | Tuches  Jnchen | Ia Inches, | Tnchea

Black - 29.95 029,71 29,70 to 29.46 29 29.21 i 29,20 and Lelow.
o) 0 ‘ | )

Red - 29.96 10 30, 20 3021 to 30.45 ‘ 80.46 to 80.70 | 80.71 and above.
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Visual abstraction = Patterns

AFTERNOO N ano EVENINC

What varies with what, over
time and space?

pressure
* mini, abstract maps: vars x TOD

* iso-contours, shading to show

equivalence | wind, rain

« arrows to show wind direction

(| temperature

AM noon PM

Data for Dec 5, 1861
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The large picture - Insight

Pattern: RFTERRDUT l_\TNINu « CACH DAY DURING DECEMBER_ 1861

Low pressure (black) in
early Dec. > CCW wind
High pressure (red) in
late Dec. > CW wind

| | pressure

-kl wind, rain

| temp.

Graphic: 3x3x31 grid,
mapping {pressure, wind/
rain, temperature} x {AM,

12, PM} x day {1:31}

(try this with your software!)
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Visual insight > Theory

Visual insight from 93 (3x31)
high-D graphs:

* Changes in wind dir w/
pressure over time

* = Winds revolve inwardly
(CCW) in low pressure areas—
as in a cyclone;

* > revolve outwardly (CW) in

high pressure areas— “anti- \(

Gallon’s Early Idea of
Anticyclone ard Cyclone

SCALE 1000 MILES
—d

cyclone”
Rt )

Theory:
* Explained by Dove’s ‘Law of

tion’
Gyration Anficyclone Cyclone
* Prediction: reversed pattern NDRAUGHT
(CWICCW) in southem m(msg ERS'O';) Lo(::l.u B”ome%er
hemisphere — confirmed! gh Baromeler

36




Theory -
Practice

The first modern weather map,
London Times, Apr. 1, 1875

Galton did for weathermen what
Kepler did for Tycho Brahe. This is no
small accomplishment. (Wainer 2005)

Weataer CHART, MarcH 31, 1573,

[0
i
40 G
Clear
1 13 H . -

The dotted lney indleste the cradations of baromelrlc pressurs
The variations of the temparature ore marked by fgures, the state
of the 2ea and sky by onds, and the 4 fon of the wind
by -barbesd and feathersd ding to ita force. @ devob
olm, . 37

Statistical albums: Data — practice &
Graphical excellence

* Collection of gov't statistics on pop., trade,
moral & political issues widespread in
Europe & US, starting ~ 1820

* Statistical albums ~ 1870—1910
= France: Albums de Statistique Graphique
= Gemany: local albums (Berlin, Frankfurt, etc.)
= Switzerland: Atlas graphique de la Suisse
= USA: Census atlases: 1870/80/90

38

Album de statistique graphigue

* The pinnacle of the Golden Age
* 18 volumes published 1879-1899

Changes in the population of France
from 1801—1881, by department
(Album, 1881)

Album de statistique graphigue

Gross receipts in theaters in Paris, 1848—1889, related to cultural events
(Album, 1889)

Follies Bergére




Atlas graphique de la Suisse (1897, 1914)

Land distribution & population density by canton (Atlas, 1897)

& BEVOLKEAUNGSERH NGk iR TINZELNEN KANTONE.
SUPERFICIE TERRITORIALE DE LA SUISSE £7 GENSITE DE LA POPULATION, PAR CANTONS.
i e

n i ey R st -
productive-|
Pop.
/density
unproducti l..‘
- S — — “

Atlas graphique de la Suisse (1897, 1914)

Causes of death, 1890—1894, color linking (Atlas, 1897)

Diseases

Suicide, by
month

Violent death

Suicide, by
method
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Atlas graphique de la Suisse (1897, 1914)

Referendum on development of railroads in 1896 — bipolar color scale

DIE SCHWEITERiS)q VDIKSARSTIMMUNG
biR

3
VOTATION FLDERALE
e & perehen B0 sur L4 10l contermast COMPIABIUTE BES CHEMINS DE FER

wem A Ditnter
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Where are we today?

diagnosis (linear models)

frequency tables (generalized linear
models)

Cognitive interfaces for models and
graphics?

Analysis graphs for exploration and model

Graphical methods for categorical data &

Ease of use? Interactive data graphics?

44




Graphical methods for linear models

Classical linear models

Generalized linear models

ANOVA, regression, ...

1 [LM family: E(y)=Xg, V(y|X)=02

ig;i Many graphical methods: effect
| plots, spread-leverage, influence, ...

GLM: E(y)=g"(XB), V=V[g"(XB)]
poisson, logistic, loglinear, ...

Some graphical methods: mosaic plots,
4fold plots, diagnostic plots, ...

MANOVA, MMReg, ...

# of response variables

2+  MLM: E(Y)=XB, V(Y|X)=I®Z

MGLM: ???

Model diagnosis: Influence in regression

Multiple regression model: prestige ~ income + education

Dunean Cocupational Presige Data

Influence plots can show:

* model residual

LA - E
Eﬁ! Graphical methods: ??? Graphical methods: ??? * leverage (potential impact) %
£
« influence ~ residual x T
leverage (Cook D statistic) £
« contour map of influence g
g FR utor
e B DT SRREERL
Feddna ; ;
— : —a o —
000 ke o1 o1z 0.20 025 030
Leeverage (Hatwalus)
45 46
tatistical software shoul . : - - - -
=B \cal software shou @ o Residuals vs Fitted Normal -Q Classical linear models Generalized linear models
make it easy to get ¥ - o s » - 2 = =
informative diagnostic plots ] o O g o % 1 LM family: E(y)=XB, V(y|X)=c°l | GLM: E(y)=g"(XB), V=V[g(XB)]
e |0 o 0 o o 3 ol ANOVA, regression, ... poisson, logistic, loglinear, ...
E ® < © . . .
% o1 w%‘;%raﬁéﬁ% 5] Y igii Many graphical methods: effect Some graphical methods: mosaic plots,
. @ °% o ° °© 5 [0) U plots, spread-leverage, influence, ... | 4fold plots, diagnostic plots, ...
In R, plotting a Im model o ° . £ - @
: “ : 57 ° @ : = = .
object — the “regression 0 o g 2+ MLM: E(Y)=XB, V(Y|X)=I®Z MGLM: ???
quartet” of plots L e — 3 _ MANOVA, MMReg, ...
0 20 40 60 80 100 -2 -1 0 1 2 Y— Fii Gra h B3] H 1o l)
S s phical methods: 7?7 Graphical methods: 7?7
Fitted values Theoretical Quantiles
> model <- Im(prestige ~ income #
+ education)
> plot(model) Scale-Location Residuals vs Leverage
e %ms‘evyepmeo 7 \;‘\"‘»"‘i‘q—‘ B i
§ - 0 Ocontiayr 2 oA ® RRE o
=3 o 3 (e}
(SAS has similar, using 371 ¢ 7 % N ;/{%:gf\//"
. S N o-:8 [e)
ODS graphics) .27 o ° e g | (é%‘@i"
E; g"o o o © 3 o % conductor® s
o ° -~ COmsWistance .-~
e T T T T T T T ="
0 20 40 60 80 100 0.00 005 0.10 0.15 0.20 H%S 48

Fitted values Leverage




Visualizing categorical data: mosaic plots

Model: loglin(~ Hair + Eye)

Two-way table: [Hair][Eye]

Eye
Brown

A contingency table can be
visualized by tiles whose area
~ cell frequency.

Shading: ~ Pearson residual,

N-way tables

Model: loglin(~ Hair + Eye + Sex)

Independence model: [Hair][Eve][Sex]
Eye

Brown

Hazel Green  Bhs

Femals Male

Pearson
residuals

&02

3+ way tables: split each tile ~
conditional proportions of the
next variable.

e f;%%iglna_ Now, there are several different
g 705 dij = (Oij — Eij )/ ,Eij . models that can be fit.
. = «o0  * Mutual independence: [H][E][S]
400 Golor f: : — all vars unassociated
% 5 . 00 ] i 200 . . e
3 200, . . . I ! 2 » Residuals: show associations
§o blue: O; > E;; red: O; > E; | 1 not acct'd for by the model
0.00 ! 0.00
= 200 Interp: + association (dark 3 ||| I §
| hair, dark eyes), (light hair, — § 200
o =400 light eyes) - I . | 3%
: ‘B
49 . 50
Cognitive interfaces for data
N-way tables gnitive '
exploration & model-fitting
Joint independence: [Halr, Eye][Sex] . * “Dumb’ vs. “Smart” data tables: variables assigned
Brown Hazel Green  Eise The model of joint independence, .
: : U . [HE][S] allows Hair, Eye color default roles (factor, covariate, response, label)
5 ; = residials iati i i i
2 |u_ e o '3 e ?Zsoc'at('jonytbl;tsﬂ [HE] assoc. is * Model syntax, e.g., loglin(~ Hair+Eye+Sex) vs. model-
________ IS I R Inaependent or oex. g .
------------------------------------ ¢ P building widgets & GUIs
This model obviously fits much . . . .
2 better, except for blue-eyed * Begging for graphs vs. getting them (semi-)automatically
§ e blonds, where females are more * Model history: easily compare, modify or explore multiple
L& H prevalent than the model allows.
£ of | [0 models for the same data
E
P Mosaic displays: visual * Dynamic, interactive graphics
i assessment of model fit: = Multiple, linked views: data table, 2D graphs, 3D plots
i Better model — “cleans the = Selection: subset or highlight all views for a given selection
L=t mosaic” = Projection & low-D views of hi-D data
E

51
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JMP: Model summary = graphs + numbers

|E3 Animals

~ Aninals

B

Variable
[ spec

roles 1 s
 mies |
0 seas,

(

7 Repeated Measures Modsl

P —=—— g species sugct | mies | sesson
1 |Fox
2 lraw
Fit Model
* Model Specification
—Select Colur —Pick Rale Variables- Persareity: [ Stanard Leset Squares 1|
species miles ;
subject aphanal Emm( Effect Leverage @
iles Method: | RENL (Revammended) |
season

wptional numeric

—Construct Model Effect:

Add species
— subject{species] &Random
S SEASON
3 speciestseasn
Macros ?1

B |
Atiributes ™
I™ e kst

Default
graphs
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JMP: Model summary = graphs + numbers

+

I |# = soasan |+

* Léve Ell’lw “'l. averaye Pl

ia__...-

3 35 40 5 s0 a5 A0 I 2075 40 35 4D 45 50 4% 60 65 |
Put 100

» L.ws!lﬂmﬂ“rﬂ. I
Lovst Laast Sq e 5 ol Maary
COVOTE S¥IMEAT  OSMOOWIT S MIAKT

|7 Loadt Squares Mosns Table

Level  Leael 5 Mean S frroe Mo

> l.lli Squares Maans l‘lhll

Level Leaxt 5q Mesn - IETIE OSITOT JED
[CoraTEn S44NTY nnasm g BABOAGET  OSTTYSONT  BAGEET
eovoTER 54430173 0 4EBN01 e 53330 05TIOT SXEN
[CovaTER GOS0 SRR winker 2000000 OSTIERIT 250000
[Foot /020 0 E9REI

Ireog s O eweat0l

o 3EIME0E 029068001 4

* Summarizes 15 years of research

« Visual interfaces for statistical

analysis & dynamic g
* Testbed: ViSta

http://forrest.psych.unc.edu/research/

V‘ f.“'—,

THE VISUAL STATISTIC:

» Spreadplots: graphic analog of

spreadsheet

» Work maps: visual GUI for path(s)

of analysis

raphics

Sta

5 SYSTEM

» Guide maps: visually guide

novices thru typical analysis steps

WWILEY

Visual Statistics

Seeing Data with
Dynamic Interactive Graphics

Wiley Series in Probability and Statistics
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Model: mpg ~ PC(.), data=auto

predictor
overview

var/obs
selector

tor Scathiat

command  Oata Iranstorm  Hnalyze Miodel Help  Influance

ViSta: regression spreadplots

3D spin biplot Influence plot

- Sun 1:20:67 PM_ & ‘w\‘_
Predidior Spin Biflot 1] ~ Infiy = il

I
Dlbiets MCoker Lty

Dviete WCoker Ctiede lEws DClrele Mcehr Detouss

Ao e el ] el w2 | [ o
\ . . P S Y e = 7 rpariee tiretrea
(7 - g ]
Ll ST 5 -
£ Ol T s = o (RO R | &
it - o457 | " < Eg 1
K Y T O g 2.1
o L e N O 83 .
I LEeUN I I 2eeim 2 |
—c= — L iz |
I BT 2 R Y gl =
Pl PO PPl B il I T
137 .S o] e
L] ol i Ay [543 0 0% 1 i3
ot n P]n B * 6fal® "Beo| [{ETuemn O0cre O0LR Bbleme [ ] Prametud meq
Point and Ueclor Labels Tit Plat Tesiduals
vielillee ¥hor wbs {r| Dobele MCuler [T1 4w Crvly WCehr Diouse
chevrsiet chevitte
shevrlel etation
chavrriet mabtss “ -
ford furment /
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ViSta: loglin spreadplots

Influence plot mosaic plot

The future of statistical graphics?

* New visualizations for statistical methods
= Closer integration of analysis (summarization)
and graphics (exposure)
= E.g., HE plots for MLMs
* Public data, public graphics
= Worldmapper — the world in cartograms

del t . l:i
m(;e?ec?c:;ns ‘ A % = Facebook for data & graphs?
21 | model fit & Li = Gapminder — analyzing trends and relations
history Livealghite .
fiens * Graphical excellence
11 i 3 ] 600 won | © | a1 | 57 58

Graphical methods for MLMs HE plots for MANOVA, MMReg

HE plots provide a way to visualize hypothesis tests in MANOVA and

Classical linear models Generalized linear models L . . . . )
® - 2 S ” multivariate multiple regression, using data ellipses for fitted (H) and
% 1 LM family: E(y)=XB, V(y|X)=0“l ~GLM: E(y)=g™(XB), V=VI[g™(XB)] residual (E) co-variances.
3 ANOVA, regression, ... poisson, logistic, loglinear, ... o
g [ Many graphical methods: _effect Some graphical methods: mosaic plots, Graphic ideas: (a) Data ellipses summarize H & E (co)variation; (b) Scale
o plots, spread-leverage, influence, ... 4fold plots, diagnostic plots, ... H ellipse so it projects outside E ellipse iff effect is significant (Roy test)
§ 2+| MLM: E(Y)=XB, V(Y|X)=I®Z MGLM: 2?7
g MANOVA, MMReg, ... a0 (@) Data ellipses o {b) Hand E matrices
‘5 @ Graphical methods: ??? Graphical methods: ???
H*
1 70 70
H F =
‘éso Ve E‘
LN i
i
o Tl
Wy
40 - | Matrizx—— Hypathesis Error |
59 10 20 a0 40 =0 B0 70 10 20 a0 40 =0 ] 70 60

Petal length in mm. Petal langih in mm.




HE plot matrices

HE plots in a scatterplot
matrix show effects for all
pairs of responses.

SepalLen
For the iris data, the - ‘
Species means are highly 3
correlated on all variables
except Sepal length.

PetallLen

PetalWid

HE plots: 2-way MANOVA

Plastic film data: 2x2 MANOVA

(gloss, opacity, tear) ~ rate*additive ~ '°

MANOVA tests show that both

main effects are significant:

Type Il MANOVA Tests: Roy test statistic
Df approx F Pr(>F)

rate 1 7.5543 0.003034 ** 9

additive 1 4.2556 0.024745 *
rate:additive 1 1.3385 0.301782

HE plot shows the nature of
these effects, e.g.,

high rate: ttear, topacity, |gloss

1 df tests: H ellipsoid collapses to a

61 line 62
HE plots: Multivariate regression Public data, public graphics
Rohwer data: Cognitive ability go__ Overall: B=0 ° Wor|dmapper — the W0r|d in Cartograms
and PA tests: n=37, Low SES _ .
group ” * ManyEyes, Swivel — Facebook for data &
(SAT, PPVT, R )~n+s+ 3
ns + na +ss e 'g”’ graphs
« Only one predictor, NA. is ful * Gapminder — analyzing trends and
(barely) significant 3; re|ations
* Yet, overall multivariate test: H: gso' . L.
B = 0 is highly so! : * Online communities?
* Visualization tools: availability &
3D-“10 . D ) 10 . ?O ) a0 ' 40 ) 5‘0 ) 5‘0 ) ]"..D a CCeSSi b i I ity
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How to visualize social, economic, disease, ... data for geographic units?

worldmapper.com : cartograms: area ~ variable of interest (350+ maps)

Worldmapper: The world in cartograms

Search for s map:
Go

Home Map Categories Thurnbnail Tndesx A-Z Map Index Abaut Warldmapper Help
humbnail Ind d b Id |

warldmapper is a collection of uorld maps, where tenitories are re-sized on each map accarding to the subject of interest,

There are 366 maps, alse available as POF posters, Use the menu abave or dick on a thumbnail image belew to view a map.

Reference maps ... Newest maps ...

W
y

Total Population Land Area

B4 ?“f To, MY

Often Preventsble Deaths

y ¥

3 ¥

Lzbelled Map Appendix A [Areas incuded) Deaths from Non-Cammunicable All Injury Deaths

Ilnessas
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Carbon Emlssmns 2000 i
Carbon dioxide causes mugmy 60%
of the "enhanced greenhouse effect’
or global warming resulting from
certain gases emitted by human
activities. In 2000 there were almost
23 billion tonnes of carbon dioxide
emitted worldwide. Of this, 28% came
from North American territories;
0.09% came from Central African
territories.

Emissions of carbon dioxide vary
hugely between places, due ta
differences in lifestyle and wi
produdng energy. Whllstpeup!e 1Mng
In 66 territories emitted less than 1
tonne per person in 2000; more than
10 tonnes per person were emitted
by people [iving in the highest
polluting 21 territories that year.

Tenitory size chows the proportion of caben dioside
emisicns in 2000 that were dizcdy from here.

MOST AND LEAST CARBON DIOXIDE EMISSIONS IN 2000

CARBON DIOXIDE EMISSIONS IN 2000
-

Rank Termitory Valie  Rank Territo
T G ) g
2 Bahvan z s

3 Brus Danussadam 2 £

- A 4 Ku Eil a2

EEEC i I

i

e s—— =
e e 2 United Arab Emirates 18 H

e e Austrdia

] 18 109 Chad
100 Saud Arakia 17 200 Afghenistan

“If the world does not learn now to show respect to nature, what kind of future will the new generations have?”

Rigoberta Menchu Tum, 1992
Map 295

Worldmapper: The world in cartograms
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Richest Fifth kMo 2
Central Africa is the regéon with the
Terveiesd asarming poe peerson amongsd
whe richest fifth of the papulation of
wach territory. Thie anomaly In this
Is Elllnlol'kll Guinea, whers

region
the workTs fourth highest earmings
per persan n the richest fifth of the
poplulation are found. Cquatarial
Gurea b equite small on the map due
o ks tiny total population of 500
thousand. The Democrati Re

af Conqgo and Burund, alo In Contral
Africa, are home to some of the
poorest richest fifths of population’.
The recphons wehwere the richest fifth
make the most money are North
Amurica, Wistiem Europe and Japan.

Lty ize u.':."n; iy o the ot ith of
Saring ot pacres e I n 8 Tnar.

AVERAGT EARNINGS OF RICHEST NFTH

i P

“The 31 year old former racecar driver and millionaire businessinan was apprefended i fuz pajamsas by Soutl African police,
oo ... aceresed lm of helping 1o finance a botched coup ... 1 the of-rich stave of Equarovial Guinea.™  Videnne Walt, 2004
Map 151

Worldmapper: The world in cartograms
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Worldmapper:

HIV Prevalence

HIV, o Human Inimsinodefidency Vins
Inbection, attacks the imimne system.
wveritually sauses AILS, which stands
mune D
Syndreene. With caves first recognised
in the United Srates in 1581, AN
the rlsk of mary infectians a
ROy

I 2003, the highest MV prevalence was

the highest prevalence of HIV arein
Central and Southeastern Africa.

h.ml of HN L3 Illrwwrl. g

hkm-d !hlllnrn are m ﬁm hrrf
HWAIDS aften has an acquired saclal
stigma.

Eeariiey e shormn the perpestion o ol
1504k O et ol

IV PREVALENCE 1N 2001

wrartage o pecpin gt 1T £ B g A

 have come to the concluston thar HIVIAIS i not entively abour death. People die and coill continue 1o die
Jor one reason or the other. AIDS 13 also abour the living” Kilza Ngonzl, 2004
Mg 217

The world in cartograms

68




Worldmapper: The world in cartograms

Cholera Death Nl 82

Py vﬁﬁ Cholera deaths result Trom severe

chihyeiration cawed by diarrhosa, This
s treatable: in 2004 the number of
cholera deathe was only 2.5% of the
number of cholera cases that year.
Distributions of chodera cases and
deaths differ due to differing
avallability of treatments.
In 1962, In Papua New Guinea, 36%
of cholera cass, whichwan 464
peple, died, In 2004, In the Central
African Republic, 18% of cholura
583, which was 48 people, died

In contrast, there were 73 territories
wehwr sty divd from chalera,
because of good sanitation, clean

¢ water and avallable treatment. These
rerritaries have no area on this map,

Baritary ire s the paopertion thursckboicl st
oty iyl b o]
o 3

CHOLERA DEATH COUNT

e L e

YThe cholera outbreak has comtinued ... warer provided by the rankers iz not enough and they try 10 boost their supply

Srown the seells, eohich are not covered, The varn washes foeces and other pollutants into the wells ' Plerre Kahozl, 2004
Mg 231

69

Swivel: Facebook for data & graphs

http://www.swivel.com/ : upload & explore your data

© Swi | Wil B3 Vane Dol asbostvesy [T S
wive [ Seoich |
preven  wme  [E Uplrd !
sort Orders rnate Graph
ighe: ol G Shewing 1 - 12 of 148 graphs
Highest Rated Graphs (Today) view: D st

-7
- - -
mes  1issee
All races, White, and Black Eolitical Bloggers: Who Are
Ty

its Graveh Tran

et 1455
b 2

2 ratings

4847902 Graphs iy

s b e L9 rihast madely i [ion }
tha world - U ne 1
S T R ST — LA, .

B Ty N e
The United States: Proud 1955 by Country vs, 1990

meaian Earninas for Females
Fresh Water Per Peeson in the
Hiddle East 1990

in Mew York, Dallas. and Los Leaders in Divorce
Angglcy .

e o

ManyEyes: Social data analysis &
visualization

7 http://services.alphaworks.ibm.com/manyeyes/app

Featured Topic

\ check out the new f
community features 5\
on Many Eyes
brought to you bs

ManyEyes: Comparing maps

: Vineyards in France

v Friday Movember 08, 4:20 PM

#ofMaps. [ 1 )12 () Align Map Scales | Colors or Bubhles? :
Gi (&

Potatoes Vineyards

W

Vineyar
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Gapminder: Exploring trends in world health

®...

Zimbabwe ‘ Lesato @ suciora

Nesvibie

SOURCE: unAIos

South Africa

Bk s
Uganta

aoi ) G nen

www. eFN S I B org
M Arab states COLOUR BY REGION
1 Contrat and Eastern Europs

O central Asia

D) East Asia and the Pacific
B Latin America and the Caribbean
D North America and Western Europe
1B south and west Asia

W sub-Saharan Africa

SIZE BY NUMBER OF PEOPLE

LIVING WITH HIV

_ SOURCE: unios
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Adult HIV prevalence rate (%) (ages 15-49), log scale

200 300 400 spo 2000
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SOURCE: World Development Indficators (Werld Bank)

Gapminder: Exploring trends in world health

live births = Health

e cver to b expressnd i sprvi

Cild mortality 60 Log seab has b

Bur

BOC

Children surviving up to 5 years of age per 10

00
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o (ibers 57,

Chart 2001

: the beta verson of a free software showing
s Millennium Development Goals:

+ Colour
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Gapminder: visualizing trends and relations
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L .

401 .

£
a
2
g
€
g
S
£
=

354
304
254

1000 2000 4000 10 000 20 000
Income per capita in international dollars (GNP or GNI)

1080 1600 2000

1 11

Play P

(=]

40 000

log ~

Color
Geographic regi... *

Select
[[] sania -

Size
Population -
138
<40 130
s Zx:

Map by Randall
Munroe of online
communities.
Area ~ # users

(Berners-Lee
projection)
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Statistics smianuoE)
Canada  Canada

7o I

THE \CY NORA ~ AN
RIS A NIRRN oy
INRRA A o

MaP oF ONLINE COMMUNITIES
AND RELATED POIWTS OF INTEREST
‘GEOGRAPWIC ARER REFRESENTS
ESTIMATED S1ZE OF MEMBERSHIP

= %
. Data IiberationE
ocean

(Nor A COMPLETE SURVEY. GIZES BP6EDON BEST FIGURES T (LD D
BUT INYOLVED SoME GUESSWORK. DO HOT USE FOR NAVIGATION. )

What else do we need?
Visualization Tools: Availability & Accessibility

Practical power = Statistical power x Probability of use (J.W. Tukey)

www.prefuse.org: Java
toolkit for building
interactive visualization
apps

uuuuuuuuu s iy el tsaar

Summary & conclusions

* Past history teaches us that—

= Statistical graphics always has a purpose: tell
a story, inform a decision

= Statistical graphics is hard work, but can have
both beauty & truth

= Advances require: data, technology & visual
thinking

79

Summary & conclusions

* Present history suggests that—
= Generalized models — generalized graphics

= Consumers & producers: different strokes for
different folks
» Most want graphical toasters: data in, picture out
(but: what picture(s)?)
« Some want complete control of graphic details
» Graphic developers want it all: freedom to invent

80




Summary & conclusions

* The future of statistical graphics?
= New visualizations for statistical methods
= Open source, open data, online communities

= | everaging new technologies for visualization,
analysis & data — {insight, practice}
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