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My Life in Pictures

Tales of a Graphic Developer and Amateur Historian of #datavis

http://datavis.ca (2
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Presenter
Presentation Notes
My thanks to Richard Brath for inviting me to join you today.

Richard did an invited talk to my graduate data visualization course earlier and in the course comments, “What did you like best about this course?”, Richard’s presentation was universally noted.

I could have dusted off an old talk for today, but I decided to try something different – a smorgasbord of topics I hope you will find tasty!


http://datavis.ca/

Introducing: me

S ONTAR[O ™™

| wear two hats, both reflected on my license plate: DATAVIS

Statistical graphics developer (categorical & multivariate data analysis) Yours to discover!

Visualizing
Cotegorical

Eye
Brown Blue Hazelsreen
Pearson g E plot
S a4 05 residuals:
@ =J. =u.
m [ 7.0
4.0
5 g
g g 8
<] 1.2 =-1.9 1.4 |([-0.3 - 2.0 2 2
o 3
z - 00 €5l <
- -2.0
=l
[]
o
-4.0
: |
] -5.9 Time to start eating
@ p-value =
<2e-16

mosaic plots for frequency tables HE plots for MANOVA 3


Presenter
Presentation Notes
The main area in which I worked for many years was developing graphical methods for data analysis and implementing them in accessible software.


.

Books: Theory — Practice

Tukey’s maxim (Tukey, 1959):
The practical power of any statistical method =
Statistical power x Probability anyone will use it

FWILEY

g
i
i

Visvalizing . Tofini i
Categarieal ‘u"ILII=|| 5 EaT istics nﬂl:ﬁ;uii:ugiﬁan

Data Drynamic Inderactive Graphics Vausbeasan and Modeting Tarheguss

https://www.datavis.ca/books/vcd/ https://bit.ly/3L7uP0C http://ddar.datavis.ca



Presenter
Presentation Notes
My work as a graphic developer is rooted in Tukey’s maxim

http://ddar.datavis.ca/
https://www.datavis.ca/books/vcd/
https://bit.ly/3L7uP0C

Software: Some R packages

vcdExtra

c‘“‘v
e
2

E) ‘-a‘j.

* Categorical data
= vcd & vedExtra

* Linear & multivariate models

= car: extend graphical methods (John Fox)

candisc
= heplots: HE plots & related methods

= candisc: Analyze/view MLMs in low-D space

* Largely data
= Lahman: everything baseball
= HistData: history of statistics & data vis
= Trumplies: Toronto Star database

AN HistData A
Latman | 5 | R

e

&
9’“‘3%



Gender: Male

Eye

Brown H en Blue
1198 1493 Pearson
E - U rESidUﬂls:
\ = [ 7.0

Admit: Rejected

Admit: Admitted

557 1278

Gender: Female

Graphical Methods for Complex

Problems

* (Categorical Data Analysis: Fourfold displays, mosaic plots

* Multivariate Visualization ¥



Gender Bias at UC Berkeley?

Science, 1975, 187: 398--403

Sex Bias in Graduate Admissions:
Data from Berkeley

Measuring bias is harder than is usually assumed,

and the evidence is sometimes contrary to expectation.

P. J. Bickel, E. A. Hammel, J. W. O'Connell

Determining whether discrimination
because of sex or ethnic identity is be-
ing practiced against persons secking
passage from one social status or locus
to another is an important problem in
our society todav. It is lesally impor-

deceision to admit or to deny admission.
The question we wish to pursue is wheth-
er the decision to admit or to deny was
influenced by the sex of the applicant.
We cannot know with any certainty
the influences on the evaluators in the

by using a
As already
pitfalls ah
but we ir
one of the
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sumptions
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Presenter
Presentation Notes
Methods for studying gender or racial discrimination in hiring, promotion, salary are now well developed. 
Many universities and large corporations have mechanisms for equity, affirmative action and, in the case of salary, anomaly adjustment.

An initial salvo that got wide attention was a 1975 study on graduate admissions by Peter Bickel and others.


2 x 2 Frequency Tables: Fourfold displays

Table: Admissions to Berkeley graduate programs

Admitted Rejected | Total % Admit Odds(Admit)
Males 1198 1493 | 2691 44 .52 0.802
Females 557 1278 | 1835 30.35 0.437
Total 1755 2771 | 4526 38.78 0.633

odds ratio (0) = 1.84

Males nearly twice as likely to be
admitted

Is this a “significant”

association?

Is it evidence for gender bias? .
How to measure strength of .
association? .
How to visualize?

Gender: Male

Admit; Admitted

Gender: Female

Fourfold display:

quarter circles, area ~ frequency
ratio of areas: odds ratio (0)

Admit: Rejected

confidence bands: overlap iff 0 = 1

10



2 x 2 x k Stratified tables

The data arose from 6
graduate departments

No difference between
males & females, except in
Dept A where women
more likely to be admitted!

Design:

e small multiples

* encode direction by color
* encode signif. by shading

Admit: Admitted

Admit: Admitted

Dept: A
Gender: Male

512

89

33

19

Gender: Female

Dept: B

Gender: Male

353

p

o

207

17

U

bl

Gender: Female

Admit: Rejected

Admit: Rejected

Admit: Admitted

Admit: Admitted

Dept: C
Gender: Male

Gender: Female

Dept: D
Gender: Male

Gender. Female

Admit: Rejected

Admit: Rejected

Admit: Admitted

Admit: Admitted

-

Dept E
Gender: Male
53 138
94 299

Gender: Female

Dept: F

Gender: Male

D,

351

v

317

Gender: Female

Admit: Rejected

Admit: Rejected



r x ¢ Tables: Mosaic plots

Table: Hair-color eye-color data

Eye Hair Color

Color Black Brown Red Blond Total
Brown 68 119 26 7 | 220
Blue 20 84 17 94 | 215
Hazel 15 54 14 10 93
Green 5 29 14 16 64
Total 108 286 71 127 | 592

Are hair color and eye color associated?

How to visualize?

How to understand the pattern of association?

Hair

Black

Brown

Red

Blond

Students in a large statistics
class were categorized by
hair color and eye color

Eye
Brown HazeGreen Blue

_____H

12




Mosaic plots

Area proportional display of frequencies in n-way table
Shaded according to deviation from independence

Eye

Eye Brown Blue HazelGreen
Brown Blue Hazel Green
..§ 286 E 1rs o o |l e :E 1.2 -1.9 14 |[]-03
S B T
3 71 3 N - » » 3 -0.1 17 0.9 23
Divide unit square ~ V1 Subdivide each ~V2|V1 Shade ~ residual (d;)
marginal frequencies conditional frequencies positive: O>E

negative: O<E

(0, -E,)

i i 2 2
Y= Lo

ij
13



Hair

Mosaic plots & other methods

Eye

Brown Hazelzreen Blue
Pearson
-E residuals:
& [ T.0
40
=
3 - 20
m
- 00
- -20
g

Elond

I
-58
p-value =

=2e-16

Opposite corner pattern of shading:
e dark hair associated with dark eyes
e (red hair, hazel eyes) unusual

Dimension 2 (9.51%)

0.4

0.2

-0.2 0.0

-0.4

lond

| | | | | | |
-04 -02 00 02 04 06 08

Dimension 1 (89.37%)

Correspondence analysis:
* like PCA for frequency data.
e The association is 90% 1-D

14



Mosaic

matrices

Feject

Admit

Admit

Scatterplot matrix analog for
categorical data

Male Female
5 & All pairwise views
. T Gender : The answer: Simpson’s Paradox
_____________________________ * Depts A, B were easiest

Admit Reject

* Applicants to A, B mostly male
e ..Males more likely to be
admitted overall

15



Race &

Crime

Toronto Star investigation of
racial disparities in treatment
by Toronto Police Services

FOI request — 72 M arrests,
1997—2002

Evidence for racial profiling?

Only look at discretionary
charges:

Simple marijuana possession
Non-moving auto infractions

THE SATURDAY STAR

Periods of rain; windy. High 14 C

o

October 19, 2002

Also inside . ..
® Waterfront: Dreams of what could be, B1, B45
® Hydro woes: Insulating against price spikes, E1
® Wheels: The Bug goes roofless, G1
® Paul Martin: The man who would be king, H1
® Carol Shields: Her last novel? Unless . . . J1

JTTTITTINY.com ONTARIO EDITION

AN INVESTIGATION INTO RACE AND CRIME

P RARTTORCAID STAR

SUING POLICE: .Tason Burke, falsely aceused of dealing drugs during Caribana two years ago, says he was a vietim of racial profiling.

Singl

Telling numbers

Police records show that & black person In Toronto
amested on a single dnag pussession charge
was less likely 1 be released at the scene..

% of each racil group
. and twice as lkely
o be held for @ ball
hearing, compared to
a white person on
the same charge.
White: Black

White  Black
Held for ball

Released at scene

ed out

Star analysis of police crime data shows

justice is different for blacks and whites

Blacks arrested by Toronto po-
lice are treated more harshly than
whites, a Toronto Star analysis of
crime data shows.

Black people, charged with sim-
ple drug possession, are taken to
police stations more often than
whites facing the harge.

™ Managing Editor's notebook, A2

leaders and criminologists, sug-
gests police use racial profiling in
deciding whom to pull over.

The evidence is contained in a

Once at the station, accused
blacks are held overnight, for a
bail hearing, at twice the rate of
whites.

The Teronto crime data also
shows a disproportionate number
of black motorists are ticketed for
violations that only surface follow-
ing a traffic stop. This difference,
say civil libertarians, commumnity

pol
more than 480,000 incidents in
which an individual was arrested,
or ticketed, for an offence dating
back to 1996. It included almost
800,000 criminal and other charg-
es. The Star obfained that data
through a freedom of information
request, marking the first time ac-
cess to these numbers was grant-
ed to anyone outside the police

COTITLInty.

Police are forbidden, by their
governing board, from analyzing
this data in terms of race, but The
Star has no such restriction. The
findings provide hard evidence of
what blacks have long suspected

ding — race matters in Canadian soci-

ety especially when dealing with
ice.

Chief Julian Fantino disputed
the findings, saying the colour of a
person’s skin has nothing to do
with how they're treated by his of-
ficers.

“We don't treat people different-

W Please see Toromte, A12

Chrétien
expected
to keep
cabinet
minister

Ethics report has
‘wiggle room’ to
save MacAulay

By TiM HARPER
AND LES WHITTINGTON
CTTAWA BUREAL

OTTAWA — Jean Chrétien
receives a report from his eth-
ics counsellor today that is ex-
pected to give him encugh
“wiggle room” to keep his solic-
itor-general, Lawrence MacAu-
lay, in the federal cabinet.

Ethics counsellor Howard
Wilson completed his report
and delivered it to the Prime
Minister's Office last night,
where it was received by Chré-
tien's chief of staff, Percy
Downe.

It was then to be relayed to
Chrétien by secure fax to Bei-
rut, where the Prime Minister
is attending & summit of
French-speaking nations. It
was 13 am. in Beirut when
the fax arrived so Chrétien
would likely be reading it this
morning.

Senior sources 2aid last night
that unless there is a surprise in
Wilson's report, the Prince Ed-
ward Island minister will re-
main, Chrétien will return to
Ottawa and weather the inevi-
table storm of opposition and
media protest and forge ahead
with an ethics package by mid-
week.

Wilson has been investigat-
ing whether MacAulay broke
ethics guidelines for cahinet
ministers in the awarding of a
contract and extension worth,
£100,000 to Everett Roche, a
Charlottetown political friend
of the solicitor-general's.

Chrétien will not fire MacAu-
lay unless he is given incontro-
vertible evidence of wrongdo-
ing for tao key reasons, sourc-

W Plaase see MacAulay, A

Baretay L2
Birthe BT

Bt Teshar 12
Jarmee Trawers M7


Presenter
Presentation Notes
- Began with press release in 1999 - yellow skin, FOI in 2000, two years to get data, cost $800
- looked at differences in treatment in situations where police have discretion
- 5 reporters, two editors, one stats expert, three database specialists, one lawyer


Racial profiling: Analysis graph

Police actions on a charge of
simple possession of marijuana

ShowCause

= release with a summons (Form
9) vs. hold for bail (Show cause)

Formi10 Formi11.1

" Evidence for racial bias?

L
First graph: mosaic display i .

= area "~ frequency
= shading: ~ residual

Releases_Type

* Obs > Expected in blue

Farm9

e Obs < Expected in red

White Brown Other Black
Skin_Colour

17



Racial profiling: The process

How to communicate these results most effectively?
* What is the message? What features are directly comprehensible to the audience?

B SECTION JEOIISEVYE wEDNESDAY, DECEMIER 11, 2002 4 thestar.com

Race and Crime

Graphic designer’s

- My earl
early attempts - VY Y

attempts

onto Star's series on racial profiling by ¢ nty ol;a

Man behmd the numbers

18



Racial profiling: Presentation graphic

Together, we created this (nearly) self-explaining infographic

Title gives the
main conclusion

Text description
gives details

Bar width ~ charges
Divided by % release

numbers shown in
the cells

Legend gives a layman’s

description of shading levels

Same charge, different treatment

Statistical analysis of single drug possession charges shows
that blacks are much less likely to be released at the scene
and much more likely to be held in custody for a bail hearing.
Darker colours represent a stronger statistical link between
skin colour and police treatment.

Whites are more likely to be released at the scene

Degree of likelihood
. Much less likely to occur

. Much maore likely to occur
I:l More likely to occur

6,662 | 78% 14.5%
?;igrges released at the scene released
at station
Blacks are much more likely to be held for bail hearings
gfwdélrl’ges 64% 20% _ 16% held
laid released at the scene released at station  W{TH ]|
| | I | | | | I | | |
0% 10 20 30 40 50 60 70 80 90 100

SOURCE: Toronto police arrest records 1996-2002
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= A History ot theDISPLAY of INFORMATION £~

= comtencing at the Rosa Ursina sive Snl\iy Scheiner

ma’ﬁ'mna‘fngmﬁumtmtqb]I\I\\'unl [ Maunder
D i ]

A whirlwind tour of the history of
Data Visualization

* The Milestones Project

* Moral statistics: the birth of modern social science
* @Galton: the birth of modern statistical methods O
* Graphical excellence: Album de Statistique Graphique

Image: RJ Andrews, http://infowetrust.com/history/

20


http://infowetrust.com/history/

CARTE FIGURATIVE

W hy St u d y h i Sto ry Of F‘.l‘l?l‘:l]”llﬂlls OE WT&G;I.IRS ET DEMARCHANDISES |

elfectiees en 153

DAND LEY FRENCIFALLY STATIONS L3 CHUMINS O FIR FRARGA)

it bea stata 4

#datavis?

Those who don’t know history are
doomed to plagiarize it.

Recursive mosaic: Distribution of passengers and
goods from the Paris railways to the rest of France
[Album, 1884, pl. 11]

- MOUVEMENT GENERAL DES GARES DE PARIS #
\ o 1BAY :

i i la pitane.schelle que 1o Carte fanerale et en milliers dunres |

= e il



Presenter
Presentation Notes
This is my favorite image, from the 1884 Album.  It was the image that first sparked my interest in the history of data vis.


The Milestones Project

https://datavis.ca/milestones/

Milestones in the History of Thematic Cartography,
Statistical Graphics, and Data Visualization

An illustrated chronology of innovations by Michael Friendly and Daniel J. Denis

# | Introduction | Milestones Project | Warieties of Data Wisualization | Related | References | Kewword Index I Saarch

| Pre-1600 | | 1600s | | 1700s | | 1800+ | | 1850+ | [ 1000+ | | 1950+ | [ 1075+

Timeline

This page provides a graphic overview of the events in the history of data visualization that we call "milestones.” These milestones are shown below in
the the form of an interactive #meline, The timeline is divided inta fwo vertical sections. You can drag each section left or right to see milestones of different
time periods, You can also click one of the links at the bottomn of the timeline to jump to a particular epou:h'

1st data graph

&)

Each of the milestone's in the timeline can be clicked to reveal its summary that includes both a link to its 1644 (Spain) Statistice & Graphice

The categary can also be clicked to initiate a search of other milestone's based on that categary. Michael F. wan Langren (1598-1675)

First visual representation of statistical data:
variztions in determination of longitude between
Toledo and Rome

Item categories: QCarthraphv @ Statistics and graphics @ Tech

Milestone Detail

@Trigonnme‘fric trisngulation QSunspcds @_eas‘r deviations QCGDrdir'r ; w 5 :
s adding machine & grapl
Q1 =t addi i @1t dat h

Gunter's scale

The web site: http://datavis.ca/milestones has an interactive timeline, allowing different kinds of search )



Presenter
Presentation Notes
From this image, I realized that so little of the history of data visualization was known. Works like the Albums de Statistique Graphique were buried in a few national libraries.

Over 20 years ago, I created what I call the “Milestones Project,” designed to document all the key developments in this history: images, references, …


http://datavis.ca/milestones
https://datavis.ca/milestones/

Milestones database

milestone2aspect milestone milestone2keyword
| aspect | mid mid mid | keyword |
asid —— 35id title kid —kid
name date_from name
P— :[::Iaa;e_to milestone2reference
milestone2author -
| author | ] description :zd | rtaference |

i e 2] location rid

prefix add date type

givennames modified_date mediaitem | a.uthor

Iname milestone2subject status — ] title

suffix mid note type journal

lived sid extra . month

birthdate uid title gl

birthplace : index caption Yo urkr:e

birthlat S source number

birthlong sid mid pa%?sh

deathdate name Ezdr:sser

deathplace editor

deathlat booktitle

ST bibtexkey

note abstract
note

23


Presenter
Presentation Notes
How to organize this information? A relational database served to collect the information about milestones events, authors, images and references.

(My first implementation was all in one huge LaTeX file with hyperlinks and a set of Perl scripts to parse this and create web pages. There had to be a better way!)



Milestones Tour: Epochs

.......

ﬁfwttwéz
Beginning of modern
graphics
Golden Age
of Graphics
“LE Modern Dark
Ages
Theory T
WW? Re-birth _
Early maps & = B
dia yramsp = [i: High-D
5 data vis
< | > € > € > = > € > € > et
BC | AD 17thC 1&8th C 19th Century 20th Century 1
2000

1000 1600 1700 1800 1900


Presenter
Presentation Notes
In organizing this material, it was useful to divide history into epochs, each of which turned out to be describable by coherent themes and labels.
I’ll present only a few exemplars of each. 

http://www.math.yorku.ca/SCS/Gallery/milestone/sec4.html

.

Statistical historiography

Historical information, suitably organized can be treated as data, and analyzed.
This plot shows a smoothed frequency distribution of 248 milestones items over time,
in relation to the named time periods.

Milestones: Time course of development

Ty
= - I I | I I I |
= : : . Gdlden Age !
: : : : Re-
=S : : : : :
S - : " _ Moder |
= : New graphic' age ! e
- Measurement forms | 9 , 1D Vis
= Early maps. & theory | : |
= o & diagrams
5 o i J |
= l . |
o : : : :
= i B |
= | | : |
< . : : :
o : : : :
—e : I | | ' mr
events Sl I HINL U 1 wupumﬂmmww“q,

1500 1600 1700 1800 1900 2000

Year 25


Presenter
Presentation Notes
In compiling the items collected for the Milestones Project I realized that one could treat history as data


Milestones: Content Overview

Every picture has a story — Rod Stewart

/w::%\ c. 550 BC: The first world map? (Anaximander of Miletus)

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

T

1801: Pie chart, circle
= . “graph - William Playfair

1701: First contour mapf:j%f;"; "
Edmu dHaIIey;/ |

= =N e
=T 1924: ISOTYPE- 1991-1996:
~-/Otto Neurath Interactive data
ey .',-.,- visualization

']1
1896: Bivayiate mapg If -F ﬁ%qwgiﬁﬁi systems (Xgobi,

Jacques Bertillon B ﬁiﬁﬁﬁ vista)

fieey o
/

| eclan | 17th C 18th C 19th Century | Z0th Century 6
1000 1600 1700 1200 1900 2000



Presenter
Presentation Notes
Some representative images from the Milestones Project.  Every one has a story:  What was the communication goal? What makes it a milestone?
How does it relate to other developments?


Pre 17t C.: Early maps & diagrams

¢. 550 BC: The first world
map? (Anaximander of
Miletus)

ok of, pikis
efiind pifto
1350: Bar graph of fap.efialadif i

theoretical function N. ﬂﬂ-ﬂ:ﬂh

Oresme, France

1305: Mechanical diagram of
knowledge- Ramon Llull,
Spain

e World

1375: Catalan Atlas, an
exquisitely beautiful visual
cosmography, perpetual
calendar, and thematic
representation of the known
world- Abraham Cresques,
Spain

eclap | 17the [ 18the | 19th Century |
1600 1700 1200 1900



Presenter
Presentation Notes
The earliest seeds of data visualization arose in maps to aid navigation and exploration, and in rudimentary diagrams and tables.


1375: Catalan Atlas, an exquisitely beautiful visual cosmography, perpetual
calendar, and thematic representation of the known world- Abraham
Cresques, Majorca, Spain [BNF: ESP 30]

Western world Eastern world (Marco Polo) Perpetual calendar

Teclm ] 17w | 1ehc | 15th Century [ 20th Century |
1000 1800 1700 1800 1900 2000 28



Presenter
Presentation Notes
Abraham Cresques: a visual catalog of world knowledge – visual story telling.
A Majorcan Jew, Cresques was a master map-maker and builder of clocks, compasses, and other nautical instruments
Two parts:
Geography--  Western world (Mediterranean basin), Eastern World (China, Far East--- journey of Marco Polo)
Cosmography – Tide tables, lunar tables, perpetual calendar (Catalan)



1600-1699: Measurement and Theory

. s SN 0 g
1626: Vioua 20 e i AT T T
representations used to ey I e H Grapos pEry L H H%i Eydds £l
chart the changes in ) e PR RARORTIR & R1a  pHIECSE
sunspots over time- i'i' i i : ; ;é;ﬁh HEO S 50
Christopher Scheiner 'T‘Tu" o R, i ‘E S RARREEELEY ROMASSS & fB
. 1644: First visual representation of statistical data-
M.F. van Langren, Spain
Ly
65 Lyt Dy.'t Dx,t Dy,t
Ly+t
1669: First graph of a
" continuous distribution function Lyt Lyt Dyt Lyat
\ (Gaunt's life table)— Christiaan
. Huygens.
’ a Lyt Ly
T ﬁ 1693: First use of areas of rectangles to display
ol Ly probabilities of independent binary events-
AL Edmund Halley, England
e
BC | AD f—iTthc J| 18thC 19th Century 20th Century _ 2
2000

1000 1600 1700 1800 1900


Presenter
Presentation Notes
The 17th century saw growth in theory and the dawn of practice. Featured in this were the rise of analytic geometry, theories of errors of measurement, the birth of probability theory, and the first graphical representation of statistical data. 



Sunspots: Galileo

1608: telescope (Hans Lippershey, NL)

l 1610: Galileo (Sidereus Nuncius)

1611: Galileo records movement of sunspots over time (Three
letters on sunspots, 1613)

Visual ideas:

e Animated graphic

A Chorizon A B C, arcusfolis diurnus, Soletniens ex parte A, maculus exhibet

4 d
L ”S m a I I m u Itl p I eS” quas vides,occidens verd Cyezldem ranione prinii mesuss nonnthil inuectit, Ec

hanc matutinam velperuinama;mutat,onem,omnes maculoe qumlducfubtun:.
Quodfemel exhibuile , & monuifle , ufficiata.

e Allows comparison

[ - ini = y . > y
Self-explaining N S PN 2 N\ /AR 20 /SRR
. A S5 28 A o) (e Apco: Py zg_oa,p,‘,&:am 8558 ez 0.0 s ok

d |agra m © a5, 00l og  oByo) (26.08RE, [, = a 0 0o Y,

23.0ch8 ao0dhg ) ¥ o2 °F °H L BH H

A+ for info design!

30



Presenter
Presentation Notes
One early graphic success:
In late 1609, Galileo constructed one of the first astronomical telescopes and almost immediately made a series of important discoveries (craters on the moon, a huge number of new stars, observations on the moons of Jupiter, sunspots)
He noticed that the positions of sunspots constantly changed, and wanted to display their movement over time. The result was an early animated graphic, using “small multiples” to allow comparison over time.


1700-1799: New graphic forms

1701: Isobar map,
lines of equal

magnetic declination

— Edmund Halley

1765: Historical
time line (life
spans of famous
people) Joseph
Priestley

e f (‘%ﬂ‘fﬁ v

‘.._..j.

| STATESMENMENof LEAmING]

1786: Bar chart, line graphs of economic data-

William Playfair

7= L y 5
. il k_zm s .
1782: First Eisdauauen RERBEEE 1B ™1
topographical EEEE ,,j;fﬁg.flgﬁ?*g= FRER T
map- Marcellin du | & =esoull IRIIRNRNNN 2N
Carla-Boniface aRE B ===l 145 RARRRI °F
' | .
|-| .i.
[] 5 2
.| | | 1 | |
BC | AD 17th C 18thC P 19th Century 20th Century 31
1000 1600 1700 1800 1900 2000


Presenter
Presentation Notes
The 18th century witnessed the initial germination of the seeds of visualization, planted earlier. Map-makers began to try to show more than just geographical position--- the beginnings of thematic mappings of physical quantities, and new graphic forms were invented.
iso-contours on maps,
timelines
the first bar chart



.

1769: Visualization of the history of civilizations &
empires over ~3000 years --Joseph Priestley

p i

America

. — Cakrinsoiy

i
EEEE R PR

omica | Astenica

=F
(i NESE

T
LJI.LV!'H;;H'

China

1 R o
: ; ‘ | 7 . N"D 1 =T L Tl D oty
a | | p—
! [}
r ‘ | | | P ERS[AN '
ek id PERS LAN o T | ! ! i i B
manian ™57 et R o acll N S | i P, e | RV K l:»' RK.S
= o Al =
[ %_JAW_J", = ke [T By : vun‘ ‘;
7 R E i 2| & SR MRS £
Eael ot , P
EMpenronrs ‘OFjé‘ GlERMAINY | |2
| | | | | =
i | | A = =
i | BEusTHRN r (r'mtrfu{c EMPIRE £ TURKS
| oo S ey | 5 ‘ i
1 | | [ o} — o m:
| = | Sanad . Incm : B T Mt — T Zhadar 1
g‘ C Vv s | Nodascans h,.‘ : b Lo Sternans
lv‘ E _'é [ |\ THw| Porn's | TERRITORIES | | Italy
| ] ‘w
| | s F
\ ‘ rance

: 7 o
( /) ) D SN
O L ngimr O Lyundpn v ens.

|
i Bl L .2

NARBONENSTS [

Spain

d'cle v s =
=
b e

4 ’
) 4 . ?/./////////7 of Coteenr K
N e D] ‘

= 1
//7/'//,/;//// 5 1
)Y ‘ i

|

1 I e
|
— ‘ | ‘ i
D T Bk i17oNs \ | E‘\"; Grisu |

). By las st ol

£ ) S
s Hoimlt. Jorr.

7 ’
A )\ //' W (/))//:://y
< G

Reesiavs

Favnars

o 7 P

| Vanpars Pov.es

| CGornes

| [oem—

32

1000 BC


Presenter
Presentation Notes
Joseph Priestley, the chemist who discovered oxygen also had eclectic interests, including history.
This time chart was an attempt to visualize the entire history of civilizations and empires to make visible their extent and duration.
Space and time are woven into this chart (presented to Benjamin Franklin)



1800-1849: Beginning of modern data graphics

Population Tax
. {millions) (£m) .
1801: Pie chart, g ~+ & 1826: First modern L
circle graph === /I statistical map (illiteracy | o
invented- William = in France)- Charles
Playfair ‘ Dupin
: E.Wopam | ‘“‘T:;‘
P ‘ Ruml e
qmucnmnnlmg = Britain  France
e Turkish and
Russian Emp;re Empire Ireland

1843: Wind-rose (polar coordinates)- L. Lalanne

2w Convie an 188K
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1844: variable-
width, divided bars,
area ~ cost of
transport- C. J.
Minard
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Presenter
Presentation Notes
In the first half of the 19th C, we see an explosive growth in the development of new graphic forms, in statistical graphics and thematic cartography.
The beginning is what I call the Big Bang of data graphics, in which William Playfair introduced the main modern forms of data display – the pie chart, the line graph and the bar chart. 


1826: The 1%t choropleth map, showing the distribution of
literacy in France — Baron Charles Dupin

CARTE FIGURATIVE DE DINSTRUCTION POPULAIRE DE LA FRANCE.

TN

I Marne ¢

n.

Social variables became:

* visual

* subject to scientific
discussion

34



Presenter
Presentation Notes
Another signal event was the first thematic map of a social variable – literacy in France – by Baron Charles Dupin.


.

1850-1900: Golden Age

* By the last half of the 19" century the conditions for
rapid growth of visualization had been established:

= widespread data collection for planning, commerce, social
theory

" the beginnings of statistical theory and visual thinking

= a wide range of graphic forms, reasonably well understood

= technology:
* lithography and color printing
* automatic recording devices
* calculation: machines & graphical calculators

* The result was a perfect storm-- among the most
exquisite graphics ever produced.

e ———
| eclap | 17th C 18th C 19th Cegtur Z0th Century 1
1000 1600 1700 1200 1900 2000
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Presentation Notes
My favorite period is the last half of the 19th C, the Golden Age of data graphics
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1884: Recursive multi-
mosaic on a map-
Emile Cheysson

1850-1900: Golden Age

HUMERD ASSOLUTO i NATI VIVE
MASCH

855: Dot map of disease
ata (cholera)- John Snow

1879: Stereogram (3D
population pyramid)- Luigi
Perozzo

Broad St. pump

1896: Area rectangles .l
on a map to display

two variables and

their product- Jacques
Bertillon
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Presentation Notes
Here are just some highlights of the Golden Age

There were many innovations in data collection, technology & visual thinking that contributed to produce some of the most exquisite statistical maps and diagrams – the Perfect Storm for data vis.



Stories from the Golden Age (1850-1900)

Stories: Themes:
°* A.-M. Guerry & the rise of * Statistics: numbers of the
social science state
* @Galton’s graphical .
discoveries * Visualization — Theory
* Statistical albums (graphic discovery)

°* Data — Theory — Practice
* Graphical excellence


Presenter
Presentation Notes
I’ll tell just a few brief stories, connected by the themes listed---


A. M. Guerry and the rise of social science

Essal sur la statistique moral de |la France

The launching pad of modern social science

» Presented to Academie des Sciences
Francais July 2, 1832

» First systematic analysis of
comprehensive data on crime, suicide,
and other social variables.

» Along with Quetelet (1831, 1839), , *
established the study of “moral statistics” - A m. eumnny,
— modern social science, criminology, R —

sociology W e —

ab i SRS B BN

ROBALE
DE LA FRANCE,
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Presentation Notes
So, here is my 1st  vignette, relating the story of one of my heroes – Andre-Michel Guerry.


Guerry, La Statistique Morale

* In France, widespread, national data collection on social
issues began ~ 1810—1825
" literacy: % of army conscripts who could read and write

= crime: Ministry of Justice launched the Compte Générale

* every criminal charge recorded, with all details: age, sex, occupation,
date, court outcome

°* mandated quarterly reports to Paris
* Suddenly, one could attempt to answer important
guestions using data rather than philosophy
= |s greater literacy related to less crime?
®= Do more priests lead to less crime, suicide or prostitution?
* Moral statistics: the beginning of modern social science
= Social data could lead to “social laws” a la “physical laws”

See: Friendly (2007) A.-M. Guerry's Moral Statistics of France: Challenges for Multivariable Spatial Analysis Statistical Science, 22, 368-399
39



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, efc.

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

Male  omG!~constant — 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 OMG!™constant — 34 32 30 31 32 31
Crime Committed in summer (%)

Indecent assault : 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)


Presenter
Presentation Notes
Guerry tabulated rates of crime over time and many other variables.  
His results were both compelling and startling, because they showed both stability over time and variation …



Guerry & Balbi (1829): Comparative statistics of crime & education

First shaded thematic e ATISTIOUE COMPAnRE

Ju-u\- h—-h—l-omlul—l—— ot dus s I ds Frninan

maps of crime data - %
P Personal crime ‘'« J""\\., =~ _» Property crime

First comparative maps of
social data

— 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 crimel

What is missing: (a) idea of plotting Y vs. X; (b) measures of co-relation
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Guerry (1864): General causes of crime

Plate XVII: Guerry’s magnum opus ) .
Y & P English counties (ranked on each)

CAUSES GENERALES DES CRIMES.
E A ¥

Goal:

e Show multivariate factors
associated with distribution of
crimes of various type

. Highpop.
il density

e Before invention of correlation

Curve of neg.

Entries: Codes for factors association
® Pop: (% Irish, domestics, ...)

e Criminality: (male, young, ...)

Crimes (ranked)

e Religion (Anglicans, dissenters, ...) 7 J// Curve of pos.

3 ‘ association
g f o v : E A o 1
' %
boain ¢ m 1 F/
S el -
a ¢ 1 kgp0pb i i
r T dfan Eh% 2 om ‘ 1

Guerry, A.-M. (1864). Statistique morale de
I'Angleterre comparée avec la statistique morale de
la France
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Presentation Notes
Guerry worked for the rest of his career on the analysis of moral statistics, enlisting the help of William Farr to obtain similar data for England.
His last work was a comparative study of trends over 30 years and the statement of “analytical statistics” to go beyond simple description.
The last plate in this volume is his attempt to discern general causes or associations with crime.



Galton: Visual thinking & graphic discovery

Portrait of Galton in his study by Susan Slyman

Galton’s contributions:

* G@Genetics (inheritance)

* Regression towards mean
* Forensics (fingerprints)

* Travel: Isochronic maps

*  Weather maps

* Psychology: Mental imagery &
word associations

* Standardized data forms &
crowd-sourced collection
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Galton’s discovery of weather patterns-

Perhaps the most notable purely graphic discovery ever!

METEOROGRAPHICA,

METHODS OF MAPPING THE WEATHER:

ILLUSTRATED BY UPWARDS OF g00 PRINTED AND LITHOGRAPHED DIAGRAMS

REFVERRING  Ine

THE WEATHER OF A LARGE PART OF EUROLE,

During the Month of December 1861.

By FRANCIS GALTON, F.R.5

(Galton, 1863)

Images here courtesy of Stephen Stigler. Thx!
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Presentation Notes
Although Galton is best known for his discovery of regression to the mean in the study of heredity in 1886, I want to suggest that Galton had achieved an even more notable graphic discovery 25 years earlier, in 1863.
It is not too far a stretch to claim this as the best example of a scientific discovery achieved almost entirely through graphical means– something that was totally unexpected, and purely the product of his use of remarkably novel high-dimensional graphs.


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:
e |conic symbols
e Multivariate glyphs (stamps!)
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Presenter
Presentation Notes
In 1860, Galton set out a campaign to gather weather data from all weather stations, lighthouses and observatories across Europe, enlisting the aid of >300 observers.  


Visual abstraction — Patterns

AFTERNOON ano EVENINC

What varies with what, over time

and space?
TiiiN| pressure

® mini, abstract maps: vars x TOD '

e iso-contours, shading to show

equivalence | wind, rain

e arrows to show wind direction

“| temperature

EXPLANATION OF SYMBOLS.
H 2935 -29% In,

ntaLt, . |
AT |
AT T T

O] (2056~ 3050 Tnn. | 30%:- 3045

AM noon PM

. WIND:-

Data for Dec 5, 1861

From Nerth |
33-37°F.

T Tl o | i
\.,;.... L 1l
o

32-28°F,

%
:
g}mm: I
!
i
5

| 27-23°F | 22-F | 17°below
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Presentation Notes
Galton’s insight came from 93 maps like UR: 3 for each of 31 days.
What is key here is his ability to compare the maps to see changes of wind direction with pressure over time


The large picture — Insight

Pattern:
Low pressure (black) in
early Dec. - CCW wind

High pressure (red) jn late
Dec. =& CW wind

Graphic: 3x3x31 grid,
mapping {pressure, wind/
rain, temperature} x {AM,
12, PM} x day {1:31}

(try this with your software!)

\

[ e

AFTERNOONANDEVENINCDN EACH DAY DURING

DECEMBER, 1861

8Ly

X r:, T%ﬁtfﬁrﬁm\

o_(i.r»

| pressure

wind, rain

temp.

EXPLANATION OF SYMBOLS.
3% rlhh[mruum 293293 T [ 2950 Tn Kbelon
el

5 In. (304 -3 0. (305 In. Labov
T

rrrrrr

AIN:- ’i

43-4T°F. | 48"8above

WFE | 7% below

A series of weather maps from the

Meteorographica.
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Presentation Notes
Putting these together…


Visual insight — Theory

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

e Changes in wind dir w/ pressure
over time

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

e — revolve outwardly (CW) in
high pressure areas— “anti-
cyclone”

Theory:

e Explained by Dove’s ‘Law of
Gyration’

e Prediction: reversed pattern
(CW/CCW) in southern
hemisphere — confirmed!

Gzi_l_i'orgs Early_Idea of

Anticyclone a.icl CH clone

SCIALE 1000 M_IlLES

e o

Hn‘hcqclone
(DISPERSION)

High Barometer

N5

Cyclone
(INDRAUGHT)
Low Baromeler
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Presentation Notes
From this he saw that there were two different patterns in the relation of barometric pressure to wind direction


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)

WeaTHER CHART, MARCEH 31, 1875.
[ ‘

SLIGHT
SWELL

T4 I ! : 1

‘The dotted lines indleate the gradations of barcmetrle pressurs
The variations of the tempsrature aro marked by figures, the state
of the =ea and sky by descriptive words, and the direction of the wind

by arraws—barbed and fezthersd smeocording to itaforce. © depotes
calm. o . 49
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Presentation Notes
Or, to paraphrase Bob Dylan, you do need a weatherman to know which way the wind is blowing.


Statistical atlases: Data — practice, national identity

& graphical excellence

* Collection of gov’t statistics on pop., trade, moral &

political issues widespread in Europe & US, starting ™
1820

* Statistical alboums ~ 1870—1910
" France: Album de Statistique Graphique: 1879-1899
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Presentation Notes
My final theme from the Golden Age concerns the collection of statistical atlases and albums produced in Europe and the USA from roughly 1870 to 1910.
These served various purposes:
 visualizing progress in commerce, industry & transportation
 providing a companion volume in connection with national expositions
 providing a graphic portrait of a nation
 helping to create a national identity
The resulting publications were impressive, both for the wide range of graphic methods and the great skill of their visual design


Album de statistique graphique

* Published by the Statistical Graphics Bureau, Ministry of Public Works,
Emile Cheysson, director

°* 18 volumes: 1879-1899, 12—34 plates each, ~ 11”x15” pages

® Graphic forms:
" Flow maps (simple, double, multi)
" Pie maps, star, radial, polar time-series, proportional circles
" Mosaic maps, anamorphic maps, planetary diagrams
= Choropleth, bi-polar scales
= Charts: line, bar, time-series

* Pinnacle of the Golden Age: exquisite sampler of all known graphic
forms!
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The most impressive collection of these is undoubtedly the Album de statistique graphique, published by the Statistical Graphics Bureau …
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Presentation Notes
This is my favorite image, from the 1884 Album
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Presentation Notes
Another ‘singular’ plate, from the 1888 Album, used great ingenuity to show visually how travel time in France had decreased over 200 years – by actually shrinking the map!


.

Album de statistique graphique

Q: How did Paris benefit from various int’l expos? How to show this visually?

Polar area diagrams on Paris map

Gross receipts in theaters in Paris, 1878 —1889, related to universal expositions
[Album, 1889, plate 26]

Follies Bergére Totals, 1848-1889

iy
|

O-pera

Palais Royale
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Presentation Notes
The 1889 volume followed the universal exposition in Paris of that year, and several plates were devoted to analysis of data on that topic.
What effect did these have on attendance in theaters?
Here, they are shown as polar diagrams, area ~ gross receipts for the major theaters.
To aid interpretation, these figures are placed on a map of the right bank, with theaters off-scale shown in boxes. 


Les Chevaliers des Albums

Antony Unwin Sandra Rendgen Gilles Palsky RJ Andrews Howard Wainer

::'
S
i

lan Spence

»




ASG now online: David Rumsey

All 18 volumes, https://www.davidrumsey.com/luna/servlet/s/nl72bu
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Presenter
Presentation Notes
Now that the Albums are all digitized it is possible to study their graphical techniques and design. They can still inspire us today with their range of technique


“God is in the details” = Ludwig Mies van
der Rohe
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Golden Lessons

* What are the lessons for the future?

°* Phenomena, not numbers or simply pretty pictures

= Playfair, Guerry, Minard, Galton, etc. all developed new graphic forms
to show phenomena of deep interest:

* balance of trade, rates of crime, patterns in weather data, ...

* 1%t|esson: data visualization today should have a similar focus

—
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Golden Lessons: Graphical Impact

* Impact: Early ideas
= Playfair, Guerry: data should “speak to the eyes”
= Minard, Lalanne: allow “calculation by the eyes”
= Nightingale: graphs should speak to the heart and mind, influence
public policy & practice
* G@Graphical impact (Tukey, 1990)
" |nterocularity: the message hits you between the eyes
" |Immediacy: it hits you fast
" |nescapability: it is hard to avoid the message

* 2 |esson: strive for visual impact in graphs and tables
" Godisin the details
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Golden Lessons: Expressive power

Hand-made graphics were often beautiful but entailed much
sweat and hard work.
Today: software— ease of use vs. expressive power
Theories of graphics - graphic “languages”

= Bertin: Semiology of graphics

= Wilkinson: Grammar of Graphics

* Wickham: ggplot2 R package

" |n all: the devil is in the details!
3" Jesson: continue to reduce the distance between a graphic
idea and appearance on screen or paper.

| o I. < »
minimize
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Conclusions

The only new thing... is the history you don’t know — Harry Truman

* Data visualization has deep roots:

Cartography ™
Statistical theory

Data collection

Visual thinking
Technology D

°* The Golden Age:

= Qualitatively distinct, deserves recognition

= Works of unparalleled beauty & scope

= Statistical graphics had a purpose: tell a story, inform decision
= Provides lessons for today and tomorrow

All combine to give insightful
views of data

Each area fed from, and
nourished the others
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Presentation Notes
In conclusion, my study of the history of data visualization has taught me several things, but among these---



Thank you!

Ask me anything

Further info:

@ https://datavis.ca

@datavisFriendly

Photo mosaic of history of datavis
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