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1 Introduction

The only new thing in the world is the
history you don’t know.

Harry S Truman, quoted by David
McCulloch inTruman

The graphic portrayal of quantitative information has deep roots. These roots reach
into histories of thematic cartography, statistical graphics, and data visualization, which
are intertwined with each other. They also connect with the rise of statistical thinking up
through the 19th century, and developments in technology into the 20th century. From
above ground, we can see the current fruit; we must look below to see its pedigree and
germination. There certainly have been many new things in the world of visualization;
but unless you know its history, everything might seem novel.

A brief overview

The earliest seeds arose in geometric diagrams and in thingnakmaps to aid in navigation and explo-
ration. By the 16th century, techniques and instrumentpffecise observation and measurement of physical
guantities were well-developed— the beginnings of the hndby of visualization. The 17th century saw
great new growth in theory and the dawn of practice— the rfsgnalytic geometry, theories of errors of
measurement, the birth of probability theory, and the bagiys of demographic statistics and “political
arithmetic”. Over the 18th and 19th centuries, numbersapertg to people—social, moral, medical, and
economic statistics began to be gathered in large and pesedes; moreover, the usefulness of these bod-
ies of data for planning, for governmental response, andsabjct worth of study in its own right, began
to be recognized.

This birth of statistical thinking was also accompanied biisa in visual thinking: diagrams were used
to illustrate mathematical proofs and functions; nomogramere developed to aid calculations; various
graphic forms were invented to make the properties of ecgdimumbers— their trends, tendencies, and
distributions— more easily communicated, or accessibleigoal inspection. As well, the close relation
of the numbers of the state (the origin of the word “statss)i@and its geography gave rise to the visual
representation of such data on maps, now called “thematiography”.

Maps, diagrams and graphs have always been (and conting kafd to produce, still harder to pub-
lish. Initially they were hand drawn, piece-by-piece. lrateey were etched on copper-plate and manually

*Dedicated to Arthur H. Robinson [1915-2004], who inspired encouraged our interest; to Antoine de Falguerolles,initiated
it, and toles Chevaliers des Album de Statistique Graphjgu® supported it with interest, enthusiasm, and resoufid@s.work was
supported by the National Sciences and Engineering Rés€anancil of Canada, Grant OGP0138748.



colored. Still later, lithography and photo-etching, andsinrecently, computer software was used, but
graphic-makers have always had to struggle with the linoitetof available technology— and still do today.
Some note-worthy places in the history of visualization ntlusrefore be reserved for those who contributed
to the technology.

Most recently, advances in statistical computation anglgcadisplay have provided tools for visualiza-
tion of data unthinkable only a half century ago. Similadglvances in human-computer interaction have
created completely new paradigms for exploring graphig@rimation in a dynamic way, with flexible user
control.

While most of the recent contributions listed here relatdéovisual display of statistical data, there has
also been considerable interplay with advances in infaonatisualization more generally, particularly for
the display of large networks, hierarchies, data bases,aed so forth, where problems of very-large scale
data present continuing challenges.

Varieties of data visualization

Information visualizations the broadest term that could be taken to subsume all tredajevnents described
here. At this level, almost anything, if sufficiently orgaed, is information of a sort. Tables, graphs, maps
and even text, whether static or dynamic, provide some messexe what lies within, determine the answer
to a question, find relations, and perhaps apprehend thihighwould not be seen so readily in other forms.

In this sense, information visualization takes us back édarliest scratches of forms on rocks, to the
development opictoria as mnemonic devices in illuminated manuscripts, and todhleest use of diagrams
in the history of science and mathematics.

But, as used today, the telimformation visualizatioris generally applied to the visual representation of
large-scale collections of non-numerical informatiorgtsas files and lines of code in software syste@, [
library and bibliographic databases, networks of relation the internet, and so forth. In this document we
avoid both the earliest, and most of the latest uses in thisese

Another present field, callescientific visualizationis also under-represented here, but for reasons of
lack of expertise rather than interest. This area is pripaoncerned with the visualization of 3-D+ phe-
nomena (architectural, meterological, medical, biolagietc.), where the emphasis is on realistic renderings
of volumes, surfaces, illumination sources, and so forghhaps with a dynamic (time) component. Finally,
the areas oVisual desigrandinformation graphicsoth draw on, and contribute to, the content presented
here, but are also under-represented.

Instead, we focus on the slightly narrower domaindafa visualization, the science of visual repre-
sentation of “data”, defined as information which has beesirabted in some schematic form, including
attributes or variables for the units of information. Thapit could be taken to subsume the two main focii:
statistical graphics, and thematic cartography.

Both of these are concerned with the visual representafignantitative and categorical data, but driven
by different representational goals. Cartographic vigagbn is primarily concerned with representation
constrained to a spatial domain; statistical graphicsiappb any domain in which graphical methods are
employed in the service of statistical analysis. There istaf overlap, but more importantly, they share
common historical themes of intellectual, scientific, aachinological development.

In addition, cartography and statistical graphics shaeecthmmon goals of visual representation for
exploration and discovery. These range from the simple imgppf locations (land mass, rivers, terrain),
to spatial distributions of geographic characteristige(ses, disease, ecosystems), to the wide variety of
graphic methods used to portray patterns, trends, andaitiolis.

Milestones Project

The past only exists insofar as it is
present in the records of today. And
what those records are is determined
by what questions we ask.

Wheeler B20, p. 24]



There are many historical accounts of developments withinftelds of probability 116], statistics
[226, 239, 273, astronomy 249, cartography 316, which relate to,inter alia, some of the important
developments contributing to modern data visualizatidmer€ are other, more specialized accounts, which
focus on the early history of graphic recordiriB[, 13§, statistical graphs9l, 92, 257, 264, 284, fitting
equations to empirical dat®9], cartography 88, 162 and thematic mapping2b3 223, and so forth;
Robinson 253 Ch. 2] presents an excellent overview of some of the imporaientific, intellectual, and
technical developments of the 15th—18th centuries leaditigematic cartography and statistical thinking.

But there are no accounts that span the entire developmergua] thinking and the visual representa-
tion of data, and which collate the contributions of dispamdisciplines. In as much as their histories are
intertwined, so too should be any telling of the developnodratata visualization. Another reason for inter-
weaving these accounts is that practitioners in these fiettisy tend to be highly specialized, and unaware
of related developments in areas outside their domain, nassitheir history. Extending Wheel&2(q, the
records of history also exist insofar as they are colledtiedtrated, and made coherent.

This listing is but an initial step in portraying the histarf the visualization of data. We started with
the developments listed by Beniger and Rol34 pnd incorporated additional listings from Hankid2],
Tufte [291, 292, 293, Heiser [L37, and others (now too numerous to cite individually). In incesses, we
cite original sources (where known) for the record; ocasaisecondary sources are included as well, where
they appear to contribute to telling the story.

To convey a real sense of the accomplishments requires magheontext— words, images, and, most
usefully, interpretation. In this chronological listingghas proved convenient to make divisions by epochs,
and we provide some more detailed commentaries for eachestthThe careful reader will be able to
discern other themes, relations, and connections, netcséplicitly.

More importantly, we envisage this Milestones Project a&sltaginning of a contribution to historiog-
raphy, on the subject of visualization. Some related patibos are 79 and [87]. One goal is to provide
a flexible, and useful multi-media resource, containingcdptons of events and developments, illustrative
images, and links to related sources (web and in print) oendetailed commentaries. Another goal is to
build a database which collects, catalogs, organizes |lastrates these significant historical developments.

The present listing is simply chronological, but, as notbdva, we provide some overview for each
epoch. We have also begun coding the listings to be dynam®ahrchable by other criteria, for example
by person, place, theme, content, and so forth. A parallblweesion may be viewed on the Gallery of Data
Visualization site at:

Milestones web site http://www.math.yorku.ca/SCS/Gallery/milestone/

In the listings belowpic: refers to a web link (URL) to a portrait, whileaG: andFIG: refer to graphic
images €IG for a larger copy of ammG). To allow more extensive treatments, with commentariesane
people, events, or topics, we useT: to refer to a link to related text.

These links should be active in thedf and web versions of this document. As a result, the web URLs
do not appear in a printed copy, and the many portraits andesave have collected are implicit, rather
than shown inline.

2 Pre-17th Century: Early maps and diagrams

The earliest seeds of visualization arose in geometric diagrams, in tables of the
positions of stars and other celestial bodies, and in the making of maps to aid in navi-
gation and exploration. We list only a few of these here to provide some early context
against which later developments can be viewed.

In the 16th century, techniques and instruments for precise observation and mea-
surement of physical quantities were well-developed. As well, we see initial ideas for
capturing images directly, and recording mathematical functions in tables. These early
steps comprise the beginnings of the husbandry of visualization.

€. 6200 BC The oldest known map? (There are several claimants for tmeit)— Museum at Konya,
Turkey.


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

IMG: Konya town map (280 x 160; 7K)

FIG: Konya town map (555 x 317; 24K)

TXT: Town map, with an errupting volcano (Hasand?a and the Konya plain
TXT: An extended description of the most ancient maps

c. 550 BC The first world map? (No extant copies, but described in balodesd IV of Herodotus’ “Histo-
ries” [254— Anaximander of Miletus (c.610BC-546BC), Turkey.
FIG: The first world map (325 x 326; 3K)
TXT: Anaximander biography

366-335 BC The first route map (“carte rodie”), showing the whole of the Roman world, a map from
Vienna, through ltaly, to Carthage; painted on parchmehtr8. high, by 7 m. in length. (Named the
table of Peutinger, after a 16th century German collectottply. 06/21/05:YL
FIG: Peutinger map (1251 x 833; 330k)

TXT: Peutinger map background

TXT: Peutinger map images

[The whole of the Roman world is reproduced on this paintedhpaent 34 centimetres in height and almost 7 metres in
length. Although it is the most reproduced Roman chart, théeTabPeutinger does not make it possible to perceive the
extent of the cartographic work undertaken by the Romans.d lcamquerors, they had a utilitary vision of geography and
their cartographic representations were related to the rialpgonquests. Topographers accompanied the Roman armies in
their campaigns in order to recognize the conquered groumdistmation collected was used for the military needs and the
development of infrastructures such as the routes, but aldedcribe the routes. The table of Peutinger, named aftet\the
century German collector to which it was offered, was a formexfy widespread geographical description. If this chagsdo
not bring topographic information, it gives indications a$tdnces and size of the places, very practical informatborite
traveller. The North-South distances are represented oralies scale than the East-West distances, thus making itg@ss

the traveller to unfold or unroll the section which corresged to its course.]

240 BC Calculation of the diameter of the earth by measuring noomshadows at sites 800 km. apart—
Eratosthenes (of Cyrene) (276BC—-194BC), Libya. 06/24/05:YL
TXT: Eratosthenes biography
TXT: Eratosthenes of Cyrene
[Assuming the earth is a sphere, the measured angle betwesitethés seven degrees and the circumference is about 50 times
800 km., or about 40,000 km.]

170 BC Invention of parchment. Parchment was superior to papyeaalise it could be printed on both
sides and folded.— Pergamon. 06/25/05:YL
TXT: History of parchment

134 BC Measurement of the year with great accuracy and buildindneffirst comprehensive star chart
with 850 stars and a luminosity, or brightness, scale; disgoof the precision of the equinoxes—
Hipparchus (of Rhodes) (190-120BC), Turkey. 06/24/05:YL
TXT: Astronomy
TXT: Hipparchus the Astronomer
TXT: Hipparchus biography
[He seems to have been very impressed that either of two gecaisticonstructed hypotheses could 'save the appearafce’ o
the path that a planet follows]

c. 105 Invention of paper, replacing (somewhat later) writing atioer inscriptions on wood, cloth, stone,
etc.—Tsai Lun, China 04/22/05
PIC: Tsai Lun portrait (180 x 180; 14K)
TXT: Tsai Lun, portrait and biography
TXT: Timeline of paper making

c. 150 Map projections of a spherical earth and use of latitude anditude to characterize position (first
display of longitude)— Claudius Ptolemy (c. 85—c. 165),xsedria, Egypt.
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piC: Ptolemy, portrait from ca. 1400 (90 x 109; 9K)

FIG: Ptolemy’s world map, republished in 1482 (640 x 496; 40K)
TXT: Ptolemy world map description, with images

TXT: The world according to Ptolemy

TXT: Ptolemy’s world map, description and high-res image

TXT: Ptolemy history

c. 950 Earliest known attempt to show changing values graphi¢pthgitions of the sun, moon, and planets
throughout the year)— Europ@7].
IMG: see P91, p. 28]
IMG: Planetary movements icon (222 x 124; 19K)
FIG: Planetary movements diagram (750 x 420; 92K)

c. 1280 Triangular diagrams of paired comparisons for electorateays (how to elect a Pope or Mother
Superior, when all the candidates are voting)— Ramon Li#B6-1316), Spairl[/§].
PiIC: Llull portrait (409 x 477; 69K)
TXT: Llull portraits
TXT: Llull’s writings on electoral systems

1305 Mechanical diagrams of knowledge, as aids to reasoninggdeas an inspiration to Leibnitz in the
development of symbolic logic)— Ramon Llull (1235-1316pa8h.
FIG: Llull's tree of knowledge (329 x 467; 79K)
FIG: LIull's mechanical disks (518 x 354; 37K)

c. 1350 Proto-bar graph (of a theoretical function), and develapnoé the logical relation between tab-
ulating values, and graphing them (pre-dating Descart®sgsme proposed the use of a graph for
plotting a variable magnitude whose value depends on anathd, implicitly, the idea of a coordi-
nate system— Nicole Oresme (Bishop of Lisieus) (1323-1382)nce 217, 21§
piC: Oresme portrait (709 x 688; 105K)

IMG: Oresme bar graph (225 x 117; 6K)
IMG: Page from Oresme (453 x 600; 19K)

1375 Catalan Atlas, an exquisitely beautiful visual cosmogyaperpetual calendar, and thematic repre-
sentation of the known world— Abraham Cresques (1325-138&jorca, Spain.
IMG: Carte de I'Europe, de I'Afrique du Nord et du Proche-Ori@NF, ESP 30 (266 x 168; 48K)
IMG: Carte de I'Europe, de I'Afrique du Nord et du Proche-Orid@itlF, ESP 30 (747 x 508; 195K)
FIG: Catalan Atlas, detail: Europe, North Africa (747 x 508; 195K
TXT: BNF description of Atlas catalan (BNF, ESP 30)
TXT: BNF listing of images from the Catalan Atlas
TXT: Detailed description of Catalan Atlas and Abraham Cres@deary-Davis)

c. 1450 Graphs of distance vs. speed, presumably of the theoreétzlon — Nicolas of Cusa (1401—
1464), ltaly.
TXT: Cusa biography
TXT: English translations of the works of Cusa
TXT: Annotated links: Nicolas of Cusa on the Web

1453 Invention of moveable type printing press, and printinghaf Mazarin bible (leads to a decline in the
use of mixed text and graphics)— Johann Gutenberg (138B}1&&rmany.
PIC: Gutenberg portrait (124 x 114; 8K)
IMG: Gutenberg type sample (116 x 145; 5K)
FIG: Page from the Mazarin bible (375 x 952;196K)

c. 1500 Use of rectangular coordinates to analyze velocity ofrigliobjects— Leonardo da Vinci (1452—
1519), Florence, Italyd09g.
PIC: da Vinci portrait (168 x 254; 10K)
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TXT: biography of Leonardo da Vinci
IMG: The 'Arnovalley’, the first known and dated work of Leonardo\dnci (220 x 148; 13K)

1530 Theoretical description of how longitude may be determingidg difference of times by a clock and
the associated observed change in star positions (notnepited)— Regnier Gemma-Frisius (1508—
1555), Leuven, Belgiumd9.

PIC: Gemma Frisius portrait (90 x 109; 4K)
TXT: Frisius biography

1533 Description of how to determine mapping locations by trislagon, from similar triangles, and with
use of angles w.r.t meridians— Regnier Gemma-Frisius (25685), Leuven, Belgiunme[].
pIC: Gemma Frisius at his desk surrounded by instruments andsti{@0K x 139; 30K)
FIG: Image from Peter Apianius Cosmographia, edited by Gemnsaibisg (383 x 503; 70K)
FIG: Gemma-Frisius Diagram of triangulation (272 x 400; 21K)
TXT: Frisius biography
TXT: Cosmographia web site

1545 The first published illustration of a camera obscura, useédord an eclipse of the sun, on January
24, 1544 — Regnier Gemma-Frisius (1508-1555), LeuvergiBel [103.
IMG: Camera obscura (357 x 250; 40K)
FIG: Camera obscura (485 x 340; 90K)
TXT: Adventures in Cybersound: The Camera Obscura
TXT: Science, Optics and You - Timeline, 1000-1599

1550 Trigonometric tables (published 1596 posthumously)— @&omachim Rheticus (1514-1574), Ger-
many.
TXT: Rheticus biography

1556 Development of a method to fix position and survey land usiogmass-bearing and distance.
(Tartaglia is better known for discovering a method to satubic equations) — Niccolo Fontana
Tartaglia (1499-1557), Italy2[79.

PIC: Tartaglia portrait (268 x 326; 19K)
TXT: Tartaglia biography

1562 Liber de Ludo Alaepa practical guide to gambling, containing the first systéerm@omputation of
probabilities; written in 1562, but not published until B56- Gerolamo Cardano (1501-1576), Italy
[39, 55]. 06/25/05:YL
PIC: Gerolamo Cardano portrait (250 x 304; 24K)
TXT: Cardano (Galileo project)
TXT: Cardano biography

1569 Invention of cylindrical projection for portraying the dde on maps, to preserve straightness of rhumb
lines— Gerardus Mercator (1512—-1594), Belgilzbg§.
PIC: Mercator portrait (356 x 400; 34K)
FIG: Mercator's 156Nova et Aucta Orbis Terramap (495 x 643; 145K)
TXT: Mercator biography, with related links
TXT: Mercator biography, with images

1570 The first modern atlageatrum Orbis Terrarum- Abraham Ortelius (Ortel) (1527-1598), Antwerp,
Belgium [219.
PIC: Ortelius portrait (160 x 217; 18K)
IMG: Map of the Netherlands, small (200 x 147; 32K)
FIG: Map of the Netherlands, medium (590 x 435; 255K)
FIG: Ortelius world map, from De Camp 1970 (700 x 874; 174K)
TXT: Overview of Ortelius and the Teatrum
TXT: Maps from Teatrum Orbis Terrarum
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1572 Improvements in instruments for accurately measuringtioos of stars and planets, providing the
most accurate catalog on which later discoveries (e.g.lefepaws) would be based—Tycho Brahe
(1546-1601), Denmark. 2/15/05
PiC: Tycho Brahe portrait (280 x 306; 27K)

FIG: Tycho Brahe’s wall quadrant (290 x 450; 35K)
FIG: Parallax diagram (286 x 372; 31K)

TXT: Tycho Brahe “home page”

TXT: Galileo project summary of Brahe

TXT: Tycho Brahe biography

1581 Discovery of isosynchronous property of the pendulum (taded for clocks and measurement)—
Galileo Galilei (1564-1642), Italy.
TXT: Properties of the pendulum

TXT: Galileo’s pendulum experiments §2: 26 items

3 1600-1699: Measurement and theory

Among the most important problems of the 17th century were those concerned
with physical measurement— of time, distance, and space— for astronomy, surveying,
map making, navigation and territorial expansion. This century saw great new growth
in theory and the dawn of practice— the rise of analytic geometry, theories of errors
of measurement and estimation, the birth of probability theory, and the beginnings of
demographic statistics and “political arithmetic”.

By the end of this century, the necessary elements were at hand— some real data
of significant interest, some theory to make sense of them, and a few ideas for their
visual representation. Perhaps more importantly, one can see this century as giving
rise to the beginnings of visual thinking.

early 1600s Tables of empirical data, published tables of numbers ltegppear. “Die Tabellen-Statistik,”
as a branch of statistics devoted to the numerical desmnipti facts— Germany.

1603 Tables, and first world map showing lines of geomagnetisog@ss), used in work on finding lon-
gitude by means of magnetic variation. The tables give thedndistribution of the variation, by
latitude, along each of the meridians— Guillaume Le Nawp(i557-1620), France(9, 181]. 2/15/05
PIC: Le Nautonier portrait (156 x 199; 56K)

TXT: Biographical sketch
FIG: Le Nautonier's geomagentic map (566 x 381; 93K)
FIG: Modern re-creation of the magnetic equator after Le Naetof@88 x 459; 16K)

1603 The pantograph was invented for mechanically copying adigur an enlarged or reduced scale—
Christopher Scheiner (1575-1650), Italy.
PIC: Scheiner’s portrait
FIG: Scheiner’s pantograph (224 x 136; 4.5K)
TXT: Scheiner’s sunspots, equatorial mount and pantograph

1610 The first astronomical pictures ever printed, from obséwwmatthrough a telescope, used to illustrate
discoveries of craters on the moon, the 4 staelites of Jugité a vast number of stars never seen by
unaided eyes— Galileo Galilei (1564—1642), 1ta®p[ 07/04/06:MF
FIG: Cover page from Sidereus Nuncius (500 x 672; 81K)

FIG: Page 9v: craters on the moon (226 x 366; 32K)
TXT: Works of Galileo: Starry Messenger

1614 Invention of logarithms, and the first published tables afaldthms— John Napier (1550-1617),
Scotland 20§.
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PIC: Napier portrait (268 x 326; 9.6K)

FIG: Two pages from Napier’s table of logarithms (1330 x 1014;K352

FIG: Diagram of spherical triangles fror2Q8g (500 x 760; 42K)

TXT: Biography of Napier

TXT: Text of A Description of the Admirable Table of Logarithifv@th images)

1617 First use of Frisius’ method of trigonometric triangulatim produce locations of major cities in Hol-
land; foundation of geodesy— Willebrord van Roijen Snetéflius) (1580-1626), Leiden, Nether-
lands R69.

PIC: Snellius portrait (200 x 257; 49K)

TXT: Snell, biographical sketch

[In 1621, Willibrord Snell, inCyclometricusdiscovered the law of refraction which says that the ratite sines of the angles
of incidence and refraction is a constant and the index o&céibn varies from one transparent substance to anothés.law
implies that the velocity of light in a medium is inversely poofonal to its refractive index. Cyclometricus was pubdidrafter
Snell's death by Rene’ Descartes.]

1620-1628 Invention of a mechanical device, containing a logarithstale of equal parts and trigonomic
functions which, with the aid of a pair of calipers, could ts=d as a slide rule. This device, called
“Gunter’s scale,” or the “gunter” by seamen, was soon regaduy a true slide rule, containing two
parallel logarithmic scales— Edmund Gunter (1581-1626)\&flliam Oughtred (1574-1660), Eng-
land [10, 115.

TXT: Edmund Gunter - Biographical sketch
TXT: Edmund Gunter - Biography

TXT: William Oughtred - Biography

IMG: Gunter’s log scale(398 x 39; 0.5K)

IMG: Oughtred’s dual log scale (442 x 52; 1K)
FIG: Gunter's scale image (2200 x 176; 110K)

1623 The first known adding machine, a mechanical calculatoedalie “Calculating Clock.” It could add
and subtract up to six-digit numbers, based on the moveniesix dented wheels geared through a
“mutilated” wheel which with every full turn allowed the weHocated at the right to rotate 1/10th of

a full turn—Wilhelm Schickard (1592-1635), Tubingen, Genyna 04/06/05

FIG: reproduction of Schickard’s calculating clock (300 x 244K3
TXT: Schickard biography
TXT: History of mechanical calculators - Part 1

1626 Visual representations used to chart the changes in sunepet time. Also, the first known use of
the idea of “small multiples” to show a series of images in erent display— Christopher Scheiner
(1575-1650), ltaly259.

IMG: Scheiner sunspot image (135 x 150; 4K)

FIG: Apparatus for recording sunspots (600 x 320; 68K)

TXT: A brief history of sunspots

FIG: Sunspot plate from Scheiner’s “Tres Epistolae” (650 x 5ERKY)

1632 Statistical analysis of observations on location of Tychat®’s star of 1572, based on idea that the
most probable hypothesis is the one having the smallestt(&ssolute value) deviations— Galileo
Galilei (1564-1642), Italy96] [116, §10.3].

PiIC: Galileo portrait (190 x 187; 4K)
TXT: Galileo biography

1637 Coordinate system reintroduced in mathematics, analgtiorgetry; relationship established between
graphed line and equation—Pierre de Fermat (1601-1665) anel Bescartes (1596—1650), France
[59].
PiIC: Descartes portrait (200 x 248; 18K)
TXT: Biographical sketch - Rene Descartes
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TXT: Biographical sketch - Pierre de Fermat

[About 1629, Pierre de Fermat discovered that the equafiany) = 0 represents a curve in the xy-plane. This is the
fundamental principle of analytic geometry, and was first jshigld by Descartes in 1637. He also formulated a method for
determining the maximim and minimum values which give singletgmis for problems which in general have two solutions.
This procedure is “almost precisely that now given in theedéhtial calculus™ "(Boyer 1949:156).]

1644 First visual representation of statistical data: variaion determination of longitude between Toledo
and Rome— Michael F. van Langren (1598-1675), Sphri][
IMG: Langren image (532 x 131; 11K)

1646 Invention of the first projection lantern (the magic lanjerifimages were painted on glass and pro-
jected on walls. Kirscher, a Jesuit priest, was the lastroemb ordained priest openly to concern
himself with optics. Henceforth, the art of projecting ineagvas classified as an entertainment and
curtailed.]— Athanasius Kirscher (1602—-1680), Germak6(.

PiIC: Althanasius Kircher portrait (180 x 220; 39K)
IMG: a Sturm Lantern, 1676 (100 x 120; 1K)
TXT: Jesuits and the Sciences, 1660-1719
TXT: Jesuits and the Sciences, 1660-1719

1654 Initial statements of the theory of probability— Blaise €als(1623-1662) and Pierre de Fermat
(1601-1665), France.
PIC: Pascal portrait (200 x 229; 41K)
TXT: Pascal biography, extract frorh3]

1654 The first large scale attempt at a scientific, economic sujwkthe Irish estates confiscated by Oliver
Cromwell), perhaps the first econometric study, leading deetbpment of political arithmetic—
William Petty (1623-1687), Irelan®B0, 233.
piC: William Petty portrait (200 x 240; 37K)

FIG: Map of William Petty’s Down Survey (350 x 305; 26K)
TXT: Petty - Biographical profile, with links to works and resasc
TXT: Political Arithmetick, by Sir William Petty

1657 First text on probability— Christiaan Huygens (1629-16%8therlands45.
PIC: Huygens portrait (216 x 192; 9K)
TXT: Biographical blurb from13]
TXT: English translation of De Ratiociniis in Ludo Aleae

1663 Automatic recording device (the weather clock) producingaving graph of temperature and wind
direction (in polar coordinates)— Christopher Wren (163223), England22, 327).
PIC: Wren portrait (210 x 290; 10K)
PIC: Wren portrait (268 x 326; 16K)
TXT: Wren catalog entry from the Galileo Project
TXT: Wren biography (St. Andrews)

1662 Founding of demographic statistics: Development of the itifet vital statistics (records of chris-
tenings and burials in London) could be used to construetiéibles. The average life expectancy in
London was 27 years, with 65% dying by age 16— John Graunt0@6&74), England 1110, 275.

PIC: Graunt portrait (526 x 762; 75K)

IMG: Title page of Graunt’s Bills of Mortality (309 x 387; 5K)

FIG: Mortality table, from P30 (1000 x 795; 237K)

TXT: Text of Graunt’s “Observations on the Bills of Mortailty”

[Graunt’s work of 1662 is often ascribed to Sir William Petfjhe authorship question has been discussed by Wilg24,[
who concludes that although a portion of the work was by Ptteymajority is due to Graunt.]

1666 First modern complete demographic census, a record of edahdual by nhame of the 3215 inhabi-
tants of New France— Jean Talon (1626-1694), Can&d@ p. 179],[L54 p. xix].
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TXT: Commentary on first Canadian census by Dan

TXT: The great intendant: A chronicle of Jean Talon in Canada (&b

TXT: Jean Talon biography from Statistics Canada

[E. H. Godfrey says that this is “a date prior to any modern asnhether European or American”, sé®8 p. 179]. The
returns were fairly complete, giving data on populationgsefamilies, conjugal condition, age, profession and saaled they
filled 154 pages. The original copy is now in the Archives afi}and a transcript in the Archives of Ottawa.]

1669 First graph of a continuous distribution function, a graplGaunt’s life table, and a demonstration
of how to find the median remaining lifetime for a person ofegivage— Christiaan Huygens (1629—
1695), Netherlands3p]

IMG: see [L16 Fig. 8.1.1].

IMG: Huygens graph (301 x 284; 1K)

TXT: Huygens - Biographical sketch

TXT: Complete works of Huygens

[Source: correspondence between Huygens and his brotlaeslij.]

1671 Firstattempt to determine scientifically what should beghieehase price of annuities, using mortality
tables— Jan de Witt (1625-1672), Netherlarg2q.
PIC: de Witt portrait (82 x 109; 5K)
TXT: de Witt biography
TXT: Death and Statistics, including an account of de Witt's radth

1686 Bivariate plot of a theoretical curve derived from obseio (barometric pressure vs. altitude),
graphical analysis based on empirical data— Edmond Halleég&—1742), EnglandL[L§.
piIC: Halley portrait (254 x 326; 21K)
FIG: Halley’s graph of change in barometric pressure (914 x 7K3; 7

1686 First known weather map, showing prevailing winds on a gaplgical map of the Earth— Edmond
Halley (1656-1742), England.17].
PiC: Halley portrait (254 x 326; 21K)
FIG: Halley's wind map, 1686 (512 x 196; 24K)
FIG: Halley's wind map, section 1 detail (739 x 627; 122K)
TXT: Halley - Biographical sketch

1687 Use of statistics for international comparisons, e.g.,damvs. Rome and London vs. Paris, compared
in people, housing, hospitals, etc.— William Petty (162887), England231, 232].
PIC: Petty portrait (137 x 194; 3K)

1693 First real mortality tables, containing the ages at death sthble sample of individuals under stable
conditions (from Breslau Bills of Mortality)— Edmond Hajl€1656—1742), EnglandL[L9.
TXT: Matthias Bohne edit of Halley 1693 paper

1693 First use of areas of rectangles to display probabilitiesdépendent binary events— Edmond Halley
(1656-1742), EnglandLl9.
IMG: Halley’s diagram (356 x 237; 1K)
FIG: Halley 1893 2D diagram (284 x 232; 9.4K)
FIG: Halley 1893 3D diagram (461 x 450; 32K)

4 1700-1799: New graphic forms

The 18th century witnessed, and participated in, the initial germination of the seeds
of visualization which had been planted earlier. Map-makers began to try to show more
than just geographical position on a map. As a results, new graphic forms (isolines
and contours) were invented, and thematic mapping of physical quantities took root.
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Towards the end of this century, we see the first attempts at the thematic mapping of
geologic, economic, and medical data.

Abstract graphs, and graphs of functions were introduced, along with the early be-
ginnings of statistical theory (measurement error) and systematic collection of empirical
data. As other (economic and political) data began to be collected, some novel visual
forms were invented to portray them, so the data could “speak to the eyes”.

As well, several technological innovations provided necessary nutrients. These fa-
cilitated the reproduction of data images (color printing, lithography), and other develop-
ments eased the task of creating them. Yet, most of these new graphic forms appeared
in publications with limited circulation, unlikely to attract wide attention.

1701 Contour maps showing curves of equal value (an isogonic firags of equal magnetic declination
for the world, possibly the first contour map of a data-basethble)— Edmond Halley (1656—-1742),
England [L20, 287].

IMG: Halley isogonic map (400 x 468; 57K)
FIG: National maritime museum, Halley magnetic chart
TXT: Halley biography

1710 Invention of three-color printing— Jacob Cristoph Le Bld$¢7-1741), Germany.
TXT: Le Blon biography
TXT: Origins of the art of colour reproduction
TXT: Color reproduction

1711 First test of statistical significance based on deviatiamvben observed data and a null hypothesis
(used to show that the guiding hand of a devine being coulddmerhed in the nearly constant ratio
of male to female births in London over 1629-1710)— John &rbat (1667-1735), England,[20].

PiIC: Arbuthnot portrait (268 x 326; 14K)
TXT: Arbuthnot biography
FIG: Graph of the sex ratio from 1620-1710

1712 Literal line graph, inspired by observation of nature (secof hyperbola, formed by capillary action
of colored water between two glass plates)— Francis Hauk&h&66—-1713), England 9.

1724 Abstract line graph (of barometric observations), not yred— Nicolaus Samuel Cruquius (1678—
1758), Netherland<5H].

1727 Experiments paving the way to the development of photograjvhages obtained by action of light
on a mixture of chalk, nitric acid, and silver salts— Joharirtdch Schulze (1687-1744), Germany.
PIC: Schultze portrait (132 x 181; 7K)
TXT: Schulze biographical blurb

1733 The normal distribution, derived as the limit of the binohulistribution— Abraham de Moivre
(1667-1754), Englancbf, 58. 03/18/07:MF
PIC: de Moivre portrait
TXT: Wikipedia: Normal distribution
TXT: Maty’s (1755) biography of Abraham De Moivre
[The normal distribution was first introduced by de Moivre maticle in 1733 (reprinted in the second edition of his The
Doctrine of Chances, 1738). Laplac&7f] later extended this in his book Analytical Theory of Proitigbs. A further
generalization, to the central limit theorem occurred later

1736-1755 Development of the use of polar coordinates for the reptaien of functions. Newton'’s
Method of Fluxiongvas written about 1671, but not published until 1736. Jacem8ulli published
a derivation of the idea in 1691.267, p. 324] attributes the development of polar coordinates to
Fontana, with no date.— Isaac Newton (1643-1727), England,Gregorio Fontana (1735-1803)
and Jacob Bernoulli (1654-170%47, p. 324]. 06/10/05:MF
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[1671 is probably too early; 1736—1755 would probably be nageropriate. There are earlier references to HipparcHiG (1
120BC) regarding the use of polar coordinates in estabigsktellar positions, and Abu Arrayhan Muhammad ibn Ahmad
al-Biruni (1021) regarding the use of three rectangulardioates to establish a point in space.]

1741 Beginnings of the study of population statistics (demobyap- Johann Peter&smilch (1707—
1767), Germany131, 274].
TXT: French translation of “Diejtliche ordnung”, 1741
IMG: Sussmilch portrait (191 x 264; 51K)
IMG: Image of a page from Sussmilch’s book (421 x 341; 29K)

1748 First use of the term “statistik.” The word “statistics” whist used by Zimmerman in 1787. (For
the earlier use of “statist”, “statista” and other termg f&2.)— Gottfried Achenwall (1719-1772),

Germany 2, 331]. 06/16/05:YL

TXT: Achenwall biography
TXT: Achenwall Wikipedia entry
[From [315 p. 32]]

1750-1755 Beginnings of the estimation ofi unknown quantities frorm emipirical equations (where
n > m), taking account of the possibility of errors in the obsénres (later supplanted by the method
of least squares)— Johanes Tobias Mayer (1723-1762), Ggrama Rogerius Josephus Boscovich
(1711-1787)69, 185, 189.

TXT: Mayer biography
TXT: Boscovich biography
PIC: Boscovich, on the Croatian dinar

1752 Introduction of a notation which gives a name and address/¢oyepossible point in 3D space,

(z,y, z).— Leonhard Euler (1707-1783), Switzerlad]| 06/24/05:YL

TXT: De’couverte d’'un nouveau principe de mecanique

TXT: Euler biography:

[To find the true place of the body at each instant, one onlgsigzlocate it at the same time in respect to the three fixed plane
each perpendicular to the othe6¥][p. 89].]

1752 Contour map— Phillippe Buache (1700-1733), Frarg. [
IMG: Buache contour map icon (116 x 90; 2K)
FIG: Buache’s 177@arte physique ou Geographie naturelle de la Fraf¢83 x 386; 58K)

1753 “Carte chronologique™ An annotated timeline of historyoth Creation) on a 54-foot scroll, in-
cluding names and descriptive events, grouped thematieeith symbols denoting character (mar-
tyr, tyrant, heretic, noble, upright, etc.) and profesgjpainter, theologian, musician, monk, etc.)—
Jacques Barbeu-Dubourg (1709-1779), Fraii®ed1]] .

FIG: Dubourg scroll, closed (690 x 595; 65K)
FIG: Dubourg scroll, opened ((466 x 487; 72K)

1758-1772 Diagrams developed to represent color systems. In 1758eMigveloped a system of con-
structing and naming many of the possible colours. Lambegneled this with a 3D pyramid in-
dicating “depth” (saturation).— Johanes Tobias Mayer 812762), Moses Harris (1731-1785) and

Johann Heinrich Lambert (1728-1777), Germal§d 190, 124]. 06/14/05:YL

FIG: Johann Heinrich Lambert’s color pyramid, frodg9 (771 x 582; 510Kk)

FIG: Tobias Mayer’s colour pyramid, fromifQ (195 x 184; 596k)

FIG: Moses Harris’ prismatic colour mixture system, frdr@f]] (228 x 264; 596k)

[Lambert wanted to extend the coverage of the system to iedluel concept of depth. He believed that the colour pyramid
would be useful to textile merchants to decide if they stockéthe colours, and to dyers and printers as a source ofraspi
tion.]

1760 Curve-fitting and interpolation from empirical data poitslohann Heinrich Lambert (1728-1777),
Germany 167].
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PIC: Lambert portrait (192 x 248; 20K)
TXT: Lambert biography

1763 Graph of the beta density— Thomas Bayes (1702-1761), Eddidth
PIC: Bayes portrait (304 x 326; 47K)
IMG: Bayes’ Graph of the beta density (294 x 334; 4K)
TXT: Essay towards solving a problem in the doctrine of chances
TXT: Bayes biography
TXT: Bayes biography by D. R. Bellhouse

1765 Theory of measurement error as deviations from regulartgr@jine. (Lambert made the observation
that “a diagram does incomparably better service here thahle."[286, p. 204]— Johann Heinrich
Lambert (1728-1777), Germanyg8 Vol. 1, pp. 424-488].

1765 Historical timeline (life spans of 2,000 famous people, @BC. to 1750 A.D.), quantitative com-
parison by means of bars— Joseph Priestley (1733—-1804)alch{§47].
PIC: Priestley portrait (216 x 192; 3K)
IMG: Priestley’s specimen chart of biography (739 x 353; 69K)
TXT: Priestley biography

1767-1796 Repeated systematic application of graphical analysis @raphs applied to empirical meas-
urements) — Johann Heinrich Lambert (1728-1777), Germany.
FIG: Graph of evaporation of water vs. time (595 x 454; 30K)
FIG: Graph of rate of evaporation of water vs. temperature (2537 8.9K)
[Lambert was one of the first to use graphs to analyze experaheata, and to use graphical calculation, e.g., computiag th
slopes of curves to estimate rates of change.]

1776 Development of descriptive geometry, that leads to engingelrawing— Gaspard Monge (1746—
1818), Beaune, Franc2g0, 281]. 06/16/05:YL
PIC: Monge portrait (395 x 512; 85K)
FIG: Monge’s system of multiple projections
TXT: Historical development of graphics
TXT: Monge’s biography
[Monge’s work, Descriptive geometry, was the first consdipémrmulated exposition of the science of orthographic ectipn
and descriptive geometry. Sylvestre Lacriux discoveredptfireciples of projection independently about the same time as
Monge. Jean Pierre Hackette added new material to Mongesigage geometry and published a book on this subject in
1822]

1778 Geological map (distribution of soils, minerals)— Johamedtich von Charpentier (1738-1805),
Germany #1].
TXT: von Charpentier bio blurb (german)

1779 Graphical analysis of periodic variation (in soil tempera), and the first semi-graphic display com-
bining tabular and graphical formats— Johann Heinrich Larnfil728—-1777), Germany 70, 121].
IMG: Lambert graphical table of temperatures (120 x 98; 9K)
FIG: Lambert graphical table of temperatures (570 x 456; 66K)
IMG: Lambert graph of solar warming vs. lattitude icon (120 x 9%) 8
FIG: Lambert graph of solar warming vs. lattitude (754 x 579; 92K)

1782 Statistical map of production in Europe, possibly the fistreomic and thematic map (shows ge-
ographic distribution of 56 commodities produced in EudepeAugust Friedrich Wilhelm Crome,
Germany £9].

PIC: Crome portrait (552 x 584; 31K)
TXT: Wikipedia bio (German)
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1782 First topographical map— Marcellin du Carla-Boniface, e 40].
IMG: du Carla-Boniface topographical map icon (90 x 120; 13K)
FIG: du Carla-Boniface map (447 x 597; 149K)

1782 Use of geometric, proportional figures (squares) to comgangographic quantities by superposition,
an early “tableau graphique”— Charles de Fourcroy, Fraidé [
IMG: de Fourcroy’s proportional squares (346 x 408; 38K)
IMG: de Fourcroy’s proportional squares (600 x 709; 94K)
TXT: Description of de Fourcroy, from Palsky

1785 Superimposed squares to compare areas (of European -stafeg)ust Friedrich Wilhelm Crome,
Germany 50, 214.
FIG: Crome’s 1820 Verhaeltness Karte

1786 Bar chart, line graphs of economic data— William Playfair§2-1823), England37].
IMG: Playfair bar/line chart: price of wheat and wages (167 x 9; 8
FIG: Playfair bar/line chart: price of wheat and wages (504 x 28BK)
IMG: Playfair line graph: chart of national debt (70 x 120; 8K)
FIG: Playfair line graph: chart of national debt (390 x 669; 129K)

1787 Visualization of vibration patterns (by spreading a unifdayer of sand on a disk, and observing
displacement when vibration is applied)— Ernest Florenedfich Chladni (1756-1827), Germany
[45]. 06/16/05:YL
PiC: Chladni portrait
FIG: Chladni vibration patterns, frondg] (800 x 496; 158Kk)
TXT: Chladni biography
TXT: High frequency kink interaction
[Chladni is known as the father of acoustics; he also inetite euphonium.]

1794 Patenting and sale of printed graph paper, printed with eangeilar coordinate grid, attests to the
growing use of Cartesian coordinates— Dr. Buxton, England

1795 Multi-number graphical calculation (proto-nomogram: tours applied to multiplication table, later
rectified by Lalanne]65))— Louis Ezéchiel Pouchet (1748-1809), Frangd(.
IMG: Pouchet charticon (120 x 115; 10K)
FIG: Pouchet’s chart of the multiplication table (589 x 567; 111K

1796 Automatic recording of bivariate data (pressure vs. volimsteam engine) “Watt Indicator,” (inven-
tion kept secret until 1822)— James Watt (1736—1819) and Jatuthern, England.
PIC: James Watt portrait (180 x 249; 8.7K)
IMG: Watt Indicator icon (76 x 120; 9K)
FIG: Watt Indicator photo (892 x 1419; 177K)
FIG: Watt Indicator detail (328 x 336; 16K)
TXT: Watt biography
TXT: Wikipedia: Watt biography

1798 Invention of lithographic technique for printing of mapsdadiagrams (“At the time the effect of
lithography ... was as great as has been the introductiothppfXerox machine]” 253 p. 57])
(published in several translations, 1818—-19)— Aloys Seldef (1771-1834), Germang§2].
piIC: Senefelder portrait (200 x 248; 35K)

TXT: History of lithography and portrait
TXT: Senefelder biography

1798 First maps of the incidence of disease (yellow fever), udioig and circles to show individual occur-
rences in waterfront areas of New York— Valentine Seamai@{1817), USA 316, p. 103].
TXT: Origins of mortality mapping
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FIG: Seaman’s map (840 x 748; 53K)
TXT: Mapping disease: Seaman’s maps 84: 34 items

5 1800-1849: Beginnings of modern data graphics

With the fertilization provided by the previous innovations of design and technique,
the first half of the 19th century witnessed explosive growth in statistical graphics and
thematic mapping, at a rate which would not be equalled until modern times.

In statistical graphics, all of the modern forms of data display were invented: bar and
pie charts, histograms, line graphs and time-series plots, contour plots, and so forth.
In thematic cartography, mapping progressed from single maps to comprehensive at-
lases, depicting data on a wide variety of topics (economic, social, moral, medical,
physical, etc.), and introduced a wide range of novel forms of symbolism.

1800 Use of coordinate paper in published research (graph ofnietrac variations)— Luke Howard
(1772-1864), England.B9.
PiIC: Luke Howard portrait (170 x 207; 13K)
TXT: Luke Howard biography
TXT: Luke Howard: The man who named clouds

1800 lIdea for continuous log of automatically recorded timeesgraphs (of temperature and barometric
pressure), also recording the maximum and minimum— Alegai@ith, England 159.

1801 Invention of the pie chart, and circle graph, used to shovwable relations— William Playfair
(1759-1823), Englan®B8, 236, 271].
IMG: Playfair's 1805Statistical Representation of the U.S(265 x 286; 10K)
FIG: Playfair's 1805Statistical Representation of the U.S(812 x 689; 76K)
IMG: Playfair's diagram of population and taxes (474 x 336; 21K)
TXT: Oxford DNB article by lan Spence (pdf)

1801 The first large-scale geological map of England and Walesngehe pattern for geological cartog-
raphy, and foundingtratigraphic geology Recently called (hyperbolically) “the map that changed
the world” [325. (Smith’s map was first drawn in 1801, but the final versiorswat published until
1815.)— William Smith (1769-1839), Englarf{g 205.
pIC: William Smith portrait (99 x 169; 4K)

FIG: Smith’s 1815 map (244 x 250; 22K)

FIG: Smith’s map, in zoomable sections

TXT: William “Strata” Smith on the Web

TXT: William Smith, from “The Rocky Road to Modern PaleontologydeBiology”

TXT: William Smith (1769-1839), “The Father of English Geology”

TXT: William Smith, history

TXT: Transcript of pages from Smith’s 1816—183#ata Identified By Organized Fossils

[The first known geological map was produced by Christophek®#n 1743, and depicts South England. Smith’s map is
impressive for its size (about 6 x 9 feet— printed as 15 sepa@pperplate engravings for a 5x3 grid), scope (all of Emgjla
Wales, and part of Scotland), beauty (elaborately handred) and detail. More importantly, he was the first to discakat
the strata of England were in a definite order and the firstéavghat their fossil contents were in the same order.]

1809 Methods of determining an orbit from at least three obsémat presentation of the least squares
method— Johann Carl Friedrich Gauss (1777-1855), Gernid#. [ 06/24/05:YL
TXT: Gauss biography

1811 Charts using subdivided bar graphs, and superimposedesjsnowing the relative size of Mexican
territories and populations in the colonies — Alexander Humboldt (1769-1859), Germang42,.
PIC: Humboldt portrait, young (761 x 945; 26K)
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PIC: Humboldt portrait (200 x 254; 28K)

FIG: von Humboldt charts (578 x 768; 48K)

FIG: Cross-section diagram of the Chimborazo, 1805-07 (215%%#;1269K)
TXT: Humboldt biography (French)

TXT: von Humboldt biography

1817 First graph of isotherms, showing mean temperature ardwedorld by latitude and longitude. Rec-
ognizing that temperature depends more on latitude artddsdti a subscripted graph shows the direct
relation of temperature on these two variables— Alexanaer Mumboldt (1769-1859), Germany
[143.

IMG: von Humboldt isotherm icon (120 x 87; 6K)

FIG: von Humboldt isotherm (492 x 357; 60K)

FIG: von Humboldt isotherms from Berghaus’ 1849 Atlas (768 x 579K)

FIG: von Humboldt isotherms, Annals de Chemie et de physique7 (837 x 744; 616K)

1819 Choropleth map with shadings from black to white (distribatand intensity of illiteracy in France),
the first (unclassed) choropleth map, and perhaps the firdemcstatistical map. (This map dates
from 1826 p1, Plate 1, vol. 2] according to Robinso293 p. 232], rather than 1819 according to
Funkhouser92))— Baron Pierre Charles Dupin (1784-1873), Frar@@.|
PIC: Dupin portrait (393 x 512; 35K)

PIC: Dupin portrait, with his map (600 x 707; 135K)

IMG: Dupin choropleth map of France (220 x 229; 34K)
FIG: Dupin choropleth map of France (1223 x 1270; 426K)
TXT: Dupin biography

[This entry is now deprecated.]

1820s Anincreasing number of scientific publications begin totagmgraphs and diagrams which describe,
but do not analyze, natural phenomena (magnetic variatieather, tides, etc.)— Michael Faraday
(1791-1867), England.
IMG: Faraday diagram of a magnet with lines of force (294 x 373;)13K
TXT: Michael Faraday’s Lines of Force, by Dan Denis
TXT: Faraday biography with portraits

1821 Ogive or cumulative frequency curve, inhabitants of Payisafe groupings (shows the number of
inhabitants of Paris per 10,000 in 1817 who were of a givencagser. The name “ogive” is due to
Galton.)— Jean Baptiste Joseph Fourier (1768-1830), Er@it
PIC: Fourier portrait (268 x 326; 15K)

IMG: Fourier ogive (750 x 456; 12K)
TXT: Fourier biography

1822 Mechanical device for calculating mathematical tables @ifference Engine) [The beginnings of
computing as we know it today. The Difference Engine waswstpawered, and the size of a locomo-
tive.] — Charles Babbage (1791-1871), England.

PIC: Babbage portrait (280 x 340; 4K)
IMG: Babbage Difference Engine (440 x 437; 31K)
TXT: Babbage biography

1825 Gompertz curve, derived to describe expected mortalitississ for a population of organisms whose
probability of death increases as a function of time— Bemja@®ompertz (1779-1865), England

[109. 06/16/05:YL

PIC: Gompertz portrait (200 x 241; 38K)

TXT: Gompertz biography

TXT: The Gompertz model

[Gompertz showed that the mortality rate increases in a geanmwgression. Hence, when death rates are plotted on a
logarithmic scale, a straight line known as the Gompertz fands obtained. The slope of the Gompertz function line intks
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the rate of actuarial ageing. The differences in longevégneen species are the result primarily of differences irrde of
ageing and are therefore expressed in differences in sfdpe Gompertz function.]

1826 Choropleth map with shadings from black to white (distribntand intensity of illiteracy in France),
the first (unclassed) choropleth map, and perhaps the firdemostatistical map— Baron Pierre
Charles Dupin (1784-1873), Fran®&o].

PIC: Dupin portrait (393 x 512; 35K)
FIG: Dupin choropleth map of literacy in France (909 x 953; 321K)
TXT: Dupin biography

1827 First successful photograph produced (an 8-hour expadérgjpe of asphalt (bitumen of Judea) was
coated on metal plates. After exposure it was washed in stdyéhe light areas were shown by the
bitumen, dark areas by bare metal. Exposed to iodine, the gigkened in the shadowed areas.]—
Joseph Nicephore Bpce, France.

PIC: Niepce portrait (75 x 100; 2K)

IMG: Niepce photoPoint de vue du Grag06 x 148; 2K)
TXT: Catalog of Niepce heliographies

TXT: University of Texas exhibition: The first photo

1828 Mortality curves drawn from empirical data (for Belgium aRthnce)— Adolphe Quetelet (1796—
1874), Belgium 243.
PIC: Quetelet portrait (268 x 326; 25K)
TXT: Quetelet biography
TXT: Quetelet biography
TXT: Quetelet web site

1829 Polar-area charts (predating those by Florence Nightin[gdl3]), showing frequency of events for
cyclic phenomena— Ané+Michel Guerry (1802-1866), FrancElZ]. 9/08/06:MF
FIG: Guerry barcharts and polar diagrams (3526 x 2402; 3114K)
FIG: Guerry’'s polar diagrams (814 x 626; 148K)
[The plate shows six polar diagrams for daily phenomena: tiineof the wind in 8 sectors, births and deaths by hour of the
day.]

1829 The first comparative choropleth thematic maps, showingesiagainst persons and crimes against
property in relation to level of instruction by departmeint$-rance— Ande-Michel Guerry (1802—
1866) and Adriano Balbi (1782-1884), Frand2,[113). 1/08/20:MF
FIG: Balbi-Guerry maps (2080 x 2000; 654K)

1830-1835 Graphical analysis of natural phenomena begins to appearegular basis in scientific pub-
lications, particularly in England. For example, in 183ara&tay proposes pictorial representation of
electric and magnetic lines of force.— Michael Faraday (:A867), England
PIC: Faraday portrait (203 x 176; 14K)

FIG: Faraday’s iron filing diagrammes, the earliest ever made 3890; 46K)
TXT: Faraday biography
TXT: Faraday bio, with images

1830 First simple dot map of population by department, 1 dot = Q0 feople— Armand Josephdfe de
Montizon (1788-7?), Franc(4].
IMG: see P53 Fig. 49]
FIG: Dot map of population of France, 1830 (360 x 238; 53K)

1832 Fitting a smoothed curve to a scatterplot, advocacy of gpgper and graphical methods as standard
tools of science. [“The process by which | propose to acc@hphis is one essentially graphical;
by which term | understand not a mere substitution of gedoatconstruction and measurement for
numerical calculation, but one which has for its object tdiqren that which no system of calculation
can possibly do, by bringing in the aid of the eye and hand tdegthe judgment, in a case where
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judgment only, and not calculation, can be of any avail.” {78)] — John Frederick W. Herschel
(1792-1871), EnglandiB4.[122

PiIC: Herschel portrait (160 x 238; 11K)

FIG: Herschel's graph of position vs time for Virginis (745 x 686; 263K)

FIG: Derived double-orbit fory Virginis (648 x 733; 205Kk

TXT: Herschel images

TXT: Herschel biography

[See B4] for some history of “squared paper.”]

1833 The first comprehensive analysis of data on “moral stagis{icrimes, suicide, literacy, etc.) shown
on thematic unclassed choropleth maps; bar charts (of chynage groupings and months)— Aildr
Michel Guerry (1802-1866), Franc&14].

TXT: Reference to English translation

FIG: Guerry’'s map of crimes against persons in France (1500 x;1553K)
FIG: Guerry’s map of crimes against property in France (1500 x31824K)
FIG: Guerry’s map of “instruction” in France (1500 x 1556; 353K)

FIG: Guerry's map of suicides (1500 x 1592; 273K)

1833 Graphical rank lists, with lines showing shifts in rank artetween categories (rank of types of crime
from one age group to the next)— Ar&dMichel Guerry (1802—-1866), FrancEl{].

1833 First classed depiction of population density on a world ifuesing three broad classes in a dasymetric
map)— George Julius Poulett Scrope (1797-1876), Engla6d.[
TXT: Scrope biography
TXT: Wikipedia: Scrope biography

1833 Invention of the stereoscope, revealing the dependencisudidepth perception upon binocular vi-
sion, and allowing production of stereoscopic images— {ekalVheatstone (1802—-1875), England.06/25/05:YL
PiC: Charles Wheatstone portrait (225 x 260; 15K)
TXT: Stereoscopic photography
TXT: Wheatstone biography
TXT: Wheatstone uses paper tape to store data
[In 1857, Wheatstone also introduced the first applicatiopagfer tapes as a medium for the preparation, storage, arsd tran
mission of data.]

1836 First broad and general application of principles of grapkpresentation to national industrial and
population data— Adolphe d’ Angeville (1796-1856), Fraf@es6]
FIG: Population of France, Carte 1 (946 x 1213; 226K)
FIG: Taille, Carte 5 (413 x 518; 85K)
TXT: Angeville biography

1836 Extensive data tabulation, time series, and mapping otifutes in Paris— Alexandre Jean Baptiste
Parent-Duchatelet (1790-1836), Fran22y.
FIG: Duchatelet's map showing the origins of prostitutes in &f29 x 557; 178K)
FIG: Duchatelet’s map showing the distribution of prostitute®aris (650 x 509; 153K)
TXT: English translation o©n prostitution in the city of Paris

1837 First published flow maps, showing transportation by medirshaded lines, widths proportional to
amount (passengers)— Henry Drury Harness (1804-1888nti¢l23 251].
IMG: see P53 Fig. 71]
PIC: Harness portrait (188 x 305; 35K)
FIG: Harness flow map of transportation of passengers in Ireld883 x 2923; 170K)

1838 Physical atlas of the distribution of plants, animals, elie etc., one of the most extensive and
detailed thematic atlases; most of the maps containedstadplephs, pictorial profiles of distributions
over altitude, and other visual accompanyments— HeinrietgBaus (1797-1884), Germaradl.
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IMG: Berghaus map icon (149 x 120; 12K)

TXT: Berghaus map, high-res

FIG: World map showing the tradewinds (768 x 577; 88K)

FIG: Charts showing temperature throughout the world (768 x BOK)
FIG: Full colour “ideal” geologic cross-section (768 x 351; 55K)
TXT: Berghaus biography

1839 Development of the logistic curvg,= k/(1+ Ce"), to describe the growth of human populations—
Pierre-Francois Verhulst (1804—-1849), Belgiuzd . 06/16/05:YL
PIC: Verhulst portrait
TXT: Verhulst bio
TXT: Pierre-Francois Verhulst et la loi logistique de la popolat
[Verhulst showed that forces which tend to prevent a popmriarowth grow in proportion to the ratio of the excess pagioh
to the total population. (reference from Funkhouser:193363 fn(46)]

1839 Invention of the first practical photographic process, gsioated plates of metal and glass— Louis
Jacques Mar&lDaguerre (1787-1851), France. 06/25/05:YL
FIG: Daguerre, Parisian Boulevard (560 x 394; 48K)
TXT: The Daguerrian Society (with comprehensive links and ireage
[The first daguerrotype of the disk of the Sun was obtainednayphysicists in Paris in 1845 se®l[l, p. 54], and subsequent
improvements in emulsion speeds had enormous repercussicastfamomy.]

1843 Contour map of a 3D table, temperature x hour x month (puetish 1845)— leon Lalanne (1811—
1892), Francel64.
IMG: Lalanne contour diagram (98 x 120; 10K)
FIG: Lalanne contour diagram (322 x 394; 79K)
TXT: Lalanne biography

1843 Use of polar coordinates in a graph(frequency of wind dioas)— Léon Lalanne (1811-1892),
France 164.
IMG: Lalanne windrose diagram (225 x 203; 24K)

1843 Ethnographic maps showing distribution of ethnic groupsughout the world— James Cowles
Pritchard (1786—-1848) and Alexander Keith Johnston (18844), UK [241], [155
piC: James Cowles Prichard portrait (250 x 332; 16K)
FIG: Ethnographical map of Africa (440 x 512; 26K)
FIG: Ethnographical map of Europe (512 x 431; 33K)
FIG: Ethnographical map of Europe (384 x 267; 21K)
TXT: Pritchard biography
TXT: Johnston bio and portrait (pdf)
TXT: Johnston biography

1844 “Tableau-graphique” showing transportation of commergaific by variable-width (distance), di-
vided bars (height- amount), area- cost of transport [An early form of the mosaic plot.]— Charle
Joseph Minard (1781-1870), Frand®§; see also: %6, 257.

IMG: Minard Tableau graphique (354 x 276; 20K)
TXT: Minard biography

1846 Logarithmic grid (the first log-log plot, as a nomogram foogling products from the factors)—é&lon
Lalanne (1811-1892), Franceds).
IMG: Lalanne nomogram icon (120 x 118; 8K)
IMG: Lalanne nomogram image (221 x 206; 16K)
FIG: Lalanne’s Universal Calculator (2317 x 2868; 529K)
TXT: 'Ecole des mines: Lalanne “compteur universel” and otla@cwating diagrams
[See also: Lalanne’s ambitiowniversal Calculator{163), combining logarithmic and trigonometric calculations (chised
by Tourres 88).]
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1846 Results of sampling from urns shown as symmetrical histagravith limiting “curve of possibility”
(later called the normal curve)— Adolphe Quetelet (1796-4)8Belgium p44.
FIG: Quetelet’s graph of a binomial distribution, 999 trials450374; 34K) §5: 36 itemg

6 1850-1899: Golden Age of data graphics

By the mid-1800s, all the conditions for the rapid growth of visualization had been
established. Official state statistical offices were established thoughout Europe, in
recognition of the growing importance of numerical information for social planning, in-
dustrialization, commerce, and transportation. Statistical theory, initiated by Gauss and
Laplace, and extended to the social realm by Guerry [114] and Quetelet [244], provided
the means to make sense of large bodies of data.

What started as the “Age of Enthusiasm” [223] in graphics and thematic cartogra-
phy, may also be called the “Golden Age”, with unparalleled beauty and many innova-
tions.

1851 Map incorporating statistical diagrams: circles propmwrél to coal production (published in 1861)—
Charles Joseph Minard (1781-1870), Frark®T].
FIG: Pie-map showing origin of meats consumed in Paris (341 x 34%)

1852 Statistical graphics used in a lawsuit. (Reported by ErngeEat the 7th meetings of the International
Statistical Congress, 1869, The Hagag, [p. 316])— Germany.

1853 First international statistics conference (organized et®let)— International Statistical Institute
Belgium [248§].
TXT: ISI History
TXT: ISI historical biography
TXT: Quetelet biography

1855 Use of a dot map to display epidemiological data, leads toodisry of the source of a cholera
epidemic— John Snow (1813-1858 ), Englagd(, 10q].
PIC: Snow portrait (129 x 156; 11K)
IMG: Snow cholera map (160 x 143; 33K)
FIG: same, larger (700 x 671; 105K)
FIG: same, larger (764x852; 400K)
FIG: Cholera map (698 x 652; 510k)
TXT: John Snow UCLA web site, with zoomable images
TXT: John Snow MSU web site, online companion to a Snow biography

1857 Discussion of standardization and classification of gregdhinethods at the Third International Sta-
tistical Congress— Vienna, Austria49.
TXT: The debate on the standardization of statistical maps autatins (1857-1901), Cybergeo, No. 85

1857 Exhibition display of graphs and cartograms. Third Intéoreal Statistical Congress— Vienna,
Austria [149.

1857 Polar area charts, known as “coxcombs” (used in a campaigmpoove sanitary conditions of
army)— Florence Nightingale (1820-1910), Englagd.
pic: Nightingale portrait (106 x 134; 6K)
IMG: re-creation of a coxcomb (148 x 154; 1K)
IMG: Nightingale coxcomb (398 x 263; 10K)
TXT: Florence Nightingale’s Statistical Diagrams
TXT: JSE article: A Dialogue with Florence Nightingale
TXT: Florence Nightingale by I. Bernard Cohen
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1861 The modern weather map, a chart showing area of similar asspire and barometric changes by
means of glyphs displayed on a map. These led to the discafehe anti-cyclonic movement of
wind around low-pressure areas— Francis Galton (1822919K1 [97, 9§].
PiIC: Portrait of Galton by Furse (198 x 200; 22K)
TXT: A comprehensive Galton web site, with many publicationsiarbes
TXT: Galton’s 1861 “Meteorological chartsPhilosophical Magazine
TXT: Galton’s 1870 “Barometric predictions of weatheKature
FIG: Galton’s 1881 weather chart (470 x 593; 66K)

1861 Invention of the trichromatic process for making color gigyaphs, by taking three monochrome
images through red, green and blue filters— James Clerk Mai831-1879), England.
piC: Portrait of Maxwell (200 x 196; 22K)
TXT: Maxwell biography
TXT: Maxwell biography

1863 Semilogarithmic grid (showing percentage changes in codities)— William Stanley Jevons (1835—
1882), England150, 151].
PIC: Jevons portrait (268 x 326; 13K)
FIG: Graphical method, fromlb1] (401 x 284; 39K)
FIG: Quantitative induction, froml[51] (400 x 673; 95K)
TXT: Jevons Home page, by Bert Mosselmans
TXT: Jevons biography
TXT: Jevons in Sidney and the logic piano
TXT: Comprehensive bibliography

1868 Statistical diagrams used in a school textbooEsile Levasseur (1828-1911), Frand& §.
PIC: Levasseur portrait (404 x 543; 95K)
TXT: Link to bio blurb and texts

1869 Three-dimensional population surface or “stereograntfiawkonometric projection to show curves of
various “slices” (sometimes known as a “Zeuner diagram)”ustav Zeuner (1828-1907), Germany
[330.

PIC: Zeuner portrait (180 x 261; 9.8K)
TXT: Wiklipedia: Zeuner biography

1869 Minard's flow map graphic of Napoleon’s March on Moscow (edlfthe best graphic ever produced”
by Tufte [291])— Charles Joseph Minard (1781-1870), Frartes].
TXT: Web page for “Re-visions of Charles Joseph Minard”
IMG: Minard’s March on Moscow graphic (569 x 273; 30K)

1869 The periodic table used to classify chemical elements daogito their properties, and allowing the

prediction of new elements that would be discovered latddrritri Mendeleev (1834-1907), Russia.
06/16/05:YL

PIC: Mendeleev portrait (152 x 232; 13Kk)
PIC: Mendeleev portrait (152 x 232; 13Kk)
TXT: Mendeleev periodic table, and other pictorial representat
TXT: Mendeleev biography
[Mendeleev arranged all of the 63 elements, then known by #iemic weights, into groups possessing similar properties.
Where a gap existed in the table, he predicted a new elementwoelday be found and deduced its properties. Three of those
elements were found during his lifetime]

c. 1870 Election map of Paris, showing the breakdown of votes byigmrtL eon Montigny, FranceD3).
01/19/07:MF

FIG: Montigny election map

1872 Congressional appropriation for graphical treatmentatisics— USA
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1872 Use of statistical graphics by USA Government in censusrtegoartograms of data from Ninth
Census)— U.S. Bureau of the Census, USB(.

1872 Classification of statistical graphical treatments by fomith consideration of appropriate uses of
color, graphical elements, limitations of perception. ¢ 8th ISI meetings, St. Petersburg.— Her-
mann Schwabe (1830-1875), Germa2g(, 44].

1872 Recording of motion (of a running horse) by means of a set a§gblate cameras, triggered by
strings— Eadweard Muybridge (1830-1904), USA.
IMG: Galloping Horse, 1878 (370 x 227; 20K)
FIG: Galloping Horse, 1878 (635 x 391; 44K)
TXT: UCR Museum of Photography, animated Muybridge Gallery
TXT: Eadweard Muybridge’s photography of motion
TXT: Muybridge photos, with timeline and bio
TXT: Muybridge’s zoopraxiscope
TXT: Complete history of cinematography

1873 Graphical methods applied to explain fundamental relationthermodynamics; this includes dia-
grams of entropy vs. temperature (where work or heat is ptigmal to area), and the first use of
trilinear coordinates (graphs of (x,y,z) where x+y+z=dan$)— Josiah Willard Gibbs (1839-1903),
USA [38, 104, 105.

PIC: Gibbs portrait (140 x 177; 6.3K)

TXT: Gibbs biography

FIG: Plot on trilinear graph paper by R. A. Fisher, ca. 1955 (54@%; #0K)
TXT: Gibbs,Elementary principles in statistical mechanics

TXT: Gibb’s models

1873 First-known use of a semi-graphic table to display a datketap shading levels— Toussaint Loua
(1824-1907), Francd[§. 9/08/06:MF
TXT: Google Books: Atlas Statistique de la Population de Paris
FIG: Loua scalogram of 40 characteristics of 20 Paris distrA22 x 1932; 1386K)
FIG: Loua scalogram, color version (1212 x 960; 318K)
FIG: Shaded map of Paris showing number of inhabitants per h@3&x(615; 77K)
[Loua used this as a graphic summary of 40 maps of Paris, eaclirgheame feature of the population by arrondisement. This
device was later used by Bertig€], who also considered ways of reordering the rows and colyhes‘reorderable matrix”)
to make the pattern of high/low values more apparent.]

1874 Age pyramid (bilateral histogram), bilateral frequencyygon, and the use of subdivided squares to
show the division of population by two variables jointly (@arly mosaic display) in the first true U.S.
national statistical atlas— Francis Amasa Walker(Supenident of U.S. Census) (1840-1897), USA
[314.

TXT: History of US census atlases

TXT: Text of the Statistical Atlas of 1870

TXT: detailed Walker biography

pIC: Portrait (186 x 238; 7K)

PiC: Walker portrait (202 x 252; 52K)

IMG: Population pyramid (240 x 172; 10K)

IMG: Cover of the 1870 Statistical Atlas (113 x 150; 4K)
TXT: Detailed Walker biography

1874 Population contour map (population density shown by casiothe first statistical use of a contour
map— Louis-leger Vauthier (1815-1881), Fran@&9p.
PIC: Vauthier portrait (200 x 352; 13K)
IMG: Vauthier contour map (160 x 240; 4K)
FIG: Vauthier contour map (1405 x 2072; 767K)
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FIG: Estuaire de la Seine en 1834 (650 x 315; 36K)
TXT: Wikipedia: Louis-Leger Vauthier

1874 Two-variable color map (showing the joint distribution afrees (red, vertical bars) and cattle (green,
horizontal bars) in Bavaria, widths of batsanimals/kni)— Georg von Mayr (1841-1925), Germany
[191, Fig. XIX]
IMG: see B12 p. 20].
PIC: von Mayr Portrait(223 x 248; 57k)

c. 1874 Galton’s first semi-graphic scatterplot and correlaticagdam, of head size and height, from his
notebook orSpecial Peculiarities- Francis Galton (1822-1911), England.
FIG: Galton correlation diagram, from186] (631 x 898; 569K)
TXT: Comprehensive Galton site: biography, papers, images

1875 Lexis diagram, showing relations among age, calendar @me Jife spans of individuals simultane-
ously (but the paternity of this diagram is in dispud®{])— Wilhelm Lexis (1837-1914), Germany
[179.

PIC: Lexis portrait (378 x 538; 55K)

IMG: Lexis diagram (468 x 468; 6K)

TXT: lllustrated description of the Lexis diagram
TXT: The Lexis diagram, a misnomer

TXT: Visualisation using Lexis pencils

1875 Galton’s first illustration of the idea of correlation, ugisizes of the seeds of mother and daughter
plants— Francis Galton (1822-1911), EnglagdT. 06/21/05:YL
pIC: Galton portrait (268 x 326; 7k)

FIG: Galton’s first correlation diagram

TXT: Comprehensive Galton website

[In 1875, Galton was interested in the inheritance of sizewret-pea seeds, but appears to have tried with smaller Sestds
apparently that of cress. The isograms are represented tipaskon the sheet of glass covering the little compartmentstwh
contain the ranked seeds of the daughter-plants.]

1877 First use of proportional, divided square in the modern @wgorm for data representation— Georg
von Mayr (1841-1925), Germang92, S. 80].
PIC: von Mayr portrait (351 x 448; 14K)
IMG: von Mayr’s Area diagram (194 x 190; 3K)

1877 First use of polar diagrams and star plots for data repragent— Georg von Mayr (1841-1925),
Germany 192 S. 78]R21].
IMG: von Mayr’s polar diagram (181 x 181; 2K)

1877 Extensive statistical study of 24,500 children to improgba®l practice; early ideas of correlation
and regression by quoting the “measure of stoutness”, tieeghannual increase in pounds weight
to annual increase in inches height. Includes six chartswisly curvilinear regresions.— Henry
Pickering Bowditch (1840-1911), Boston MA, USA1],[315 p. 98-102] 06/21/05:YL
Pi1C: Bowditch portrait (325 x 435; 8.5k)
FIG: Early regression curves of height on weight for Boston stthme (507 x 514; 43K)
FIG: Early regression of heigh on weight for English schoolb&@&0(x 504; 43K)
[Separate series of graphs showing the regression of highteight) on age and weight on height]

1878 First attempt to survey, describe, and illustrate avadlaiyaphic methods for experimental data—
Etienne-Jules Marey (1830-1904), Frant8j.
PIC: Marey portrait (79 x 131; 1K)
PIC: Marey portrait (210 x 302; 10K)
TXT: Google Books: La Mthode Graphique
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TXT: Etienne Jules Marey - Movement in Light
TXT: Pioneers in Aeromodeling: E. J. Marey

1878 The term “graph” introduced, referring to diagrams showamglogies between the chemical bonds
in molecules and graphical representations of mathenaticiants (also coined the term “matrix”)
— James Joseph Sylvester (1814-1897), QK.
IMG: Sylvester’s diagram icon (85 x 120; 7K)
PIC: Sylvester portrait (339 x 335; 18K)
FIG: Sylvester's diagram image (421 x 594; 88K)
TXT: Sylvester biography
TXT: Wikipedia: Sylvester

1879 Stereogram (three-dimensional population pyramid) mextieh actual data (Swedish census, 1750—
1875)— Luigi Perozzo, Italy429.
IMG: Perozzo stereogram icon (160 x 195; 5K)
IMG: Perozzo stereogram image (613 x 727; 102K)
IMG: Perozzo ilustration of systems for 3D representation (3625 34K)

1879 Published instructions on how to use graph paper— Williaamgly Jevons (1835-1882), England
[157].
TXT: Biography

1879-1899 Album de Statistique Graphiquan annual series over 20 years, using all known graphicsorm
(map-based pies and stars, mosaic, line graphs, bar chads,of course, numerous flow maps)
to depict data relevant to planning (railways, canals,gdramways, etc.) [This series, under the
direction ofEmile Cheysson, is regarded as the epitome of the “GolderoAgetistical Graphics”]—
Emile Cheysson (1836-1910) and Ministere de Traveaux &jtifrance199, 223.

PiC: Cheysson portrait (295 x 378; 12K)
TXT: Cheysson bio sketch

1880 Representation of logical propositions and relations rdiagnatically. [Actually, Liebnitz and, to
some degree, Euler had used such diagrams previously.]+a-\aim (1834-1923), Englan®(6,
307
PIC: Venn portrait (268 x 326; 9K)
IMG: Venn diagram (174 x 139; 0.9K)
TXT: A survey of Venn diagrams
TXT: Venn biography
TXT: Create your own Venn diagram
TXT: Wikipedia page on Venn and similar diagrams

1882 Invention of precursor of motion-picture camera, recogdinseries of photographs to study fight of
birds, running and walking— Etienne-Jules Marey (1830-4)9Brance 187].
TXT: Expo-Marey: Movement in Light
IMG: Somersault icon (161 x 44; 2K)
IMG: Somersault image sequence (612 x 46; 8K)

1882 Statistical reasoning employed to create a new system dfybodasurement, specifically for identi-
fying criminals— Alphonse Bertillon (1853-1914), France.
pPiC: Bertillon portrait (250 x 400; 24K)
TXT: Bertillon web site
PiC: Bertillon portrait (55 x 64; 3K)
IMG: Measuring the head with calipers (100 x 100; 5K)
FIG: Bertillon images (russian)
TXT: Science of criminal identification
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1883 Patent issued on logarithmic paper (reported to the Brais$ociation for the Advancement of Sci-
ence, in 1898). Also called “semi-log,” “arith-log” papemd“ratio charts"— England9d2, p. 361]
[308

TXT: Graphing on log paper

1883-1885 Combination of many variables into multi-function nomamig using 3D, juxtaposition of
maps, parallel coordinate and hexagonal grids (L'Abaguenmphe)— Charles Lallemand (1857—

1938), Francel66]. 06/21/05:YL

FIG: Lallemand’s “L’Abaque Triomphe” (516 x 424; 250K)

TXT: Graphic representations in three dimensions

TXT: Lallemand biography and portrait

TXT: Detailed biography (French)

[Lallemand was director of the “Service de nivellement de lan€e,” designed to establish the heights of locations, rwate
levels and tides throughout France, taking geodetic meamueto the third dimension. He also served as Inspector Genera
of Mines.]

1884 Pictogram, used to represent data by icons proportional ianaber— Michael George Mulhall
(1836-1900), Englanp7].
IMG: pictogram icon (220 x 135; 17K)
FIG: Mulhall pictogram image, railways (726 x 456; 58K)
FIG: Mulhall pictogram image, steam power (730 x 457; 52K)
FIG: Man, animal and machine pictogram (281 x 367; 66K)
TXT: Google booksd: Mulhall's Dictionary of Statistics

1884 Invention of the punched card for use in a machine to tabtieté) SA Census (in 1890). Hollerith’s
company eventually became IBM— Herman Hollerith (1860-29RISA.
PiC: Hollerith portrait (133 x 180; 4.7K)
IMG: Hollerith punched card machine: reader-sorter (374 x 368)1
IMG: Hollerith punched card (270 x 117; 17K)
FIG: Hollerith tabulator machine for census bureau (474 x 40890
TXT: Comprehensive Hollerith biography
TXT: Wikipedia: Hollerith biography

1884 The first alignment diagrams, using sets of parallel axéiserahan axes at right angles; development
of the essential ideas used in parallel coordinates plotsinf the principle of duality from projective
geometry, d'Ocagne2[lg showed that a point on a graph with Cartesian coordinasestormed into
aline on an alignment chart, that a line transformed intoiatpand, finally, that a family of lines or a
surface transformed into a single linE2[1].]— Maurice d’ Ocagne (1862—-1938), Fran@ip, 216.

IMG: Traction of a locomotive in three coordinate systems (120,8K)
FIG: Traction of a locomotive in three coordinate systems (703% J7K)
IMG: Diagram of parallel coordinates fror@15, p. 6] (373 x 386; 13K)
TXT: Text of d’Ocagne’s215 book on parallel coordinates

TXT: D'Ocagne biography (French)

1884 A literary description of life in a two-dimensional worldifpeople living in a 3D world. By analogy
and extension, it suggests the possibile views of fourthfagder dimensions— Edwin A. Abbott
(1838-1926), England].

PIC: Abbott portrait (84 x 110; 2K)
TXT: etext of Flatland

TXT: etext, with illustrations

TXT: Brief biography

1885 Normal correlation surface and regression, the idea thathivariate normal distribution, contours
of equal frequency formed concentric ellipses, with theesgion line connecting points of vertical
tangents— Francis Galton (1822-1911), Engla8t].[
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PIC: Galton portrait (268 x 326; 7K)

IMG: Galton diagram of bivariate normal distribution (745 x 636K)
TXT: Galton biography

TXT: Comprehensive Galton web site

TXT: Karl Pearson’s biography of Galton, online

1885 Comprehensive review of all available statistical grapluesented to the Statistical Society of Lon-
don, classified as figures, maps, and solids (3D), perhapfr¢henature attempt at a systematic
classification of graphical forms-Emile Levasseur (1828-1911), Frand@4. 02/01/05
IMG: Area diagram comparing populations of countries to thdiomies (402 x 662; 187K)
IMG: Circle diagram of Infant mortality by month in Brussels(36807; 73K)
IMG: Population density in France in 1866 (266 x 287; 83K)
IMG: Four type of graphs illustrated by Levasseur (662 x 438; 23K
TXT: Link to Levasseur’s e-texts
TXT: Hi-res scan of Levasseur’s La Statistique Graphique (1%.6M

1885 Graphic representation of a train schedule showing rateagél along the route from Paris to Lyon.
(The method is attributed to the French engineer Ibry)—rietgeJules Marey (1830-1904), France
[184,[29], p. 31]. 06/21/05:YL
PIC: Marey portrait (210 x 302; 10K)
IMG: Train schedule graphic

1888 First anamorphic maps, using a deformation of spatial gizhow a quantitative variable (e.g., the
decrease in time to travel from Paris to various places imda@aver 200 years)-Emile Cheysson
(1836-1910), Francep3 Fig. 63-64]

PiIC: Cheysson portrait (295 x 378; 12K)
TXT: Cheysson biography
TXT: Link to Cheysson’s e-texts

1889 Street maps of London, showing poverty and wealth by coldirap transforming existing methods
of social survey and poverty mapping towards the end of thetaenth century— Charles Booth
(1840-1916), London, UK, 30]. 01/25/06:MF
PIC: Booth portrait (235 x 221; 10K)

FIG: Portion of Booth'’s poverty map (500 x 309; 54K)

FIG: Booth’s poverty map, larger (974 x 824; 429K)

TXT: Charles Booth: Mapping London’s Poverty, 1885-1903

TXT: Charles Booth and poverty mapping in late nineteenth cgtondon

TXT: Charles Booth Online Archive at LSE

TXT: Booth’s 1889 London Poverty Map (digitized, zoomable)

[Charles Booth's work is a classic in several fields of sos@nce, including sociology, urban studies, public adstiation,
policy research, social surveys, demography and geography]

1892 Social data, diagrams, including regional survey, incoafed in museum— Patrick Geddes (1854—
1932), Outlook Tower, Edinburgh, Scotland.
piC: Geddes portrait (273 x 283; 71K)
TXT: Patrick Geddes Exhibition
TXT: Geddes biography
TXT: Outlook Tower as an anamorphosis of the world

1895 First movie, with the cieBmatographe, using the principle of intermittent movenanfiim (16
fps), but producing smooth projection (first public film smég on December 28, 1895 at the Cafe
Grand)— Auguste Lungire and Louis Lundre, France.
piC: Lumiere brothers portrait (109 x 127; 7K)

TXT: Lumiere Biography
FIG: Images: Auguste et Louis Lukrie, le cimatographe Lurare
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1896 Use of area rectangles on a map to display two variables amdpitoduct (population of arrondise-
ments in Paris, percent foreigners; area = absolute nunflfereagners)— Jacques Bertillon (1851—
1922), Franced5|.

IMG: Bertillon map (479 x 352; 38K({[223 Fig. 85])

1899 Idea for “log-square” paper, ruled so that normal probgbdurve appears as a straight line— Francis

Galton (1822-1911), England(qQ. §6: 53 itemg

7 1900-1949: Modern Dark Ages

If the early 1800s were the “golden age” of statistical graphics and thematic cartog-
raphy, the early 1900s could be called the “modern dark ages” of visualization [85].

There were few graphical innovations, and, by the mid-1930s, the enthusiasm for
visualization which characterized the late 1800s had been supplanted by the rise of
guantification and formal, often statistical, models in the social sciences. Numbers,
parameter estimates, and, especially, standard errors were precise. Pictures were—
well, just pictures: pretty or evocative, perhaps, but incapable of stating a “fact” to three
or more decimals. Or so it seemed to statisticians.

But it is equally fair to view this as a time of necessary dormancy, application, and
popularization, rather than one of innovation. In this period statistical graphics became
“main stream.” Graphical methods entered textbooks [228, 107, 128, 222, 157], the
curriculum [48, 317], and standard use in government [9], commerce [101, 263] and
science.

In this period graphical methods were used, perhaps for the first time, to provide
new insights, discoveries, and theories in astronomy, physics, biology, and other sci-
ences. As well, experimental comparisons of the efficacy of various graphics forms
were begun, e.g., [63], and a number of practical aids to graphing were developed.
In the latter part of this period, new ideas and methods for multi-dimensional data in
statistics and psychology would provide the impetus to look beyond the 2D plane.

Graphic innovation was also awaiting new ideas and technology: the development
of the machinery of modern statistical methodology, and the advent of the computa-
tional power which would support the next wave of developments in data visualization.

1901 Attempt to formulate standards for graphical procedurethatinternational Statistical Congress;
proposes that x,y scales be constructed so that the aveehgwibur corresponds to a curve of 45
degrees. Report not adopted, s@2 [p. 321]; see alsolid1].— Jacques Bertillon (1851-1922) and
Emile Cheysson (1836—1910) and M. Fontaine, Budapest, &tyri41]. 06/16/05:YL
PIC: Cheysson portrait (295 x 378; 12K)

TXT: Cheysson biography

TXT: Link to Cheysson’s e-texts

[Some of the other recommendations also included cautiousfissentols and hieroglyphs, and sparing use of comparison by
areas.]

1904 Use of the “butterfly diagram” to study the variation of suoispover time, leading to the discovery
that they were markedly reduced in frequency from 1645- #i&“Maunder minimum?”). [Earlier
work, started in 1843 by H. Schwabe, showed that sunspotbieah approximately twenty-two year
cycle, with each eleven-year cycle of sunspots followed bgwersal of the direction of the sun’s
magnetic field]— Edward Walter Maunder (1851-1928), Endlan
IMG: Maunder’s butterfly diagram (250 x 150; 22K)

TXT: The butterfly diagram
TXT: The sunspot cycle

1905 Lorenz curve (cumulative distribution by rank order, toilitette study of concentrations, income
distribution)— Max Otto Lorenz (1880-1962), USALT7).
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TXT: Description of Lorenz Curve
IMG: Lorenz Curve (263 x 261; 6K)

c. 1910 Statistical diagrams begin to appear regularly in USA teaks (graphs of temperature, population
in texts of arithmetic, algebra)— USA

1910 Textbook in English devoted exclusively to statisticalgiries— John Bailey Peddle, USR2§.

1911 First International Hygiene-Exhibition in Dresden, witB@2graphical-statistical figures of 35 na-
tional and international exhibitors and more than 5 milliasitors. [Roesle also wrote publications
which dealt with the structure of graphical-statisticadplays pP56.]— Emil Eugen Roesle (orga-
nizer) (1875-1962), Germang3%5, 220.

PIC: Rosele portrait (283 x 417; 17K)

FIG: Trellis-like time series graphs of infant mortality (600 945 116K)
FIG: Trellis-like time series graphs of tuberculosis (374 x 383K)

FIG: 3D Histogram:The course of death in Saxo(891 x 643; 98K)

1911-1913 The Hertzsprung-Russell diagram, a log-log plot of lumityoas a function of temperature
for stars, used to explain the changes as a star evolvesoMided an entirely new way to look at
stars, and laid the groundwork for modern stellar physia ewvolution, developed independently
by— Ejnar Hertzsprung (1873-1967), DenmatBf and Henry Norris Russell (1877-1957), USA.
See P77 for a recent appraisal.

PIC: Russell portrait (439 x 638; 21K)

IMG: Hertzprung’s first 1911 graphs (366 x 394; 23K)

IMG: early Hertzsprung-Russell diagram (689 x 546; 8K)
IMG: modern Hertzsprung-Russell diagram (283 x 335; 26K)
TXT: HR Diagram tutorial

TXT: Hertzsprung biography

TXT: Russell biography

1913 Arithmetic probability paper, ruled so that normal ogivgaars as straight line— Allen Hazen (1869—
1930), USA [L30.
IMG: Probability paper (590 x 303; 8K)

1913 Parade of statistical graphics, May 17, 1913, includingdagraphs on horse-drawn floats, and a
photograph with people arranged in a bell-shaped curve— I&maps of New York City, New York,
USA [33].
FIG: Photograph of the Parade of Statistical Graphics (504 x 80K)

[According to Brinton B3], the graph that mostimpressed people was one showing theeletteath rate due to improvements
in sanitation and nursing.]

1913 Discovery of the concept of atomic humber, based largely mplgcal analysis (a plot of serial
numbers of the elements vs. square root of frequencies fraayXpectra) The linear relations showed
that the periodic table was explained by atomic number ratien, as had been supposed, atomic
weight, and predicted the existence of several yet-undesea elements— Henry Gwyn Jeffreys
Moseley (1887-1915), England(q].

TXT: Text of Moseley’s article, with scanned graphs
IMG: Moseley graph image (345 x 543; 8K)

TXT: Henry Mosely biography

PIC: Moseley portrait (200 x 298; 14K)

1913-1914 College course in statistical graphic methods, “The Graphethod” (possibly the first)—
Martin F. P. Costelloe, lowa State College, USK]

1914 Published standards for graphical presentation (by reptatves from several scientific societies) —
American Society of Mechanical Engineers (Joint CommjitelSA [156].
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1914 Pictograms to represent a series of numbers by icons (camgb@oncepts of the bar graph and
pictogram of varying size)— Willard Cope Brinton, USA3).
TXT: Google Books: Brinton’ssraphic Methods for Presenting Facts
FIG: Comparative pictogram of copper production, Fig 25 (371 2; 20K)
FIG: Proportion of College Graduates, Fig 39 (526 x 537; 57K)
FIG: Ranks of states on educational features, Fig 33 (514 x 73811

1915 Creation of a standing committee on graphics— AmericarisSizd] Association, USA.

1915-1925 Beginnings of the development of modern statistical theegmpling distributions (1915),
randomization, likelihood (1921), small sample theorgabdistributions, analysis of variance (1925),
etc.)— Ronald Aylmer Fisher (1890-1962), UK 73].

PIC: R. A. Fisher portrait (268 x 326; 3K)
TXT: Fisher biography, with other links and portraits
TXT: Collected papers of R. A. Fishf23]

1916 Correspondence course in graphical methods (20 lessor#syrsupplemented by a book of 100
specimen illustrations of bar, curve, and circle diagraemended title includes “There’s an idea in
every chart”)— Frank Julian Warne (1874-1948), USAT].

1917 Gantt chart, designed to show scheduled and actual progfgeejects— Henry Laurence Gantt
(1861-1919), Maryland, USAD1]. 06/16/05:YL
TXT: Gantt chart history
[As a mechanical engineer and management consultant, Gamtledgyned the 'task and bonus’ system of wage payment and
developed methods of measuring worker efficiency and prodtycti

1918-1933 Annual college course in statistical graphical methods—P.ECubberly, Stanford University,
USA.

1919 Social statistical chartbook, containing a variety of dniapand semi-graphic displays in a USA
Government report. [The image below is a fine early exampéesgfimi-graphic display, showing four
variables simultaneously.]— Leonard Porter Ayres (18B2k6), USA P].

FIG: American Divisions in France, WWI, fron2p1] (467 x 429; 5K)

1919 Use of ethnographic maps, showing the distribution of mixationalities, played an important role
in redrawing national boundaries of Central Europe and thkkds following World War I— Em-
manuel de Martonne (1873—-1955), Fran224, 187, 189. 09/03/08:MF
PIC: de Martonne portrait (1190 x 1762; 202K)
FIG: Distribution of nationalities in the the countries domighby Roumanians (2925 x 1959; 1026K)
TXT: Wikipedia entry for De Martonne (French)
[De Martonne was a geographical expert and secretary of tmeit€ d’etudes, established by the French in 1915 to prepare
guidelines for peace and the demarcation of boundariesidmibrk, he had to develop ways to represent mixed distribstio
of different ethnic groups]

1920 Invention of the path diagram to show relations among a netwd endogenous and exogenous
variables forming a system of structural equations— SeWaight (1889-1988), USA32§.
PiC: Sewall Wright portrait (216 x 405; 15K)
FIG: Wright's first path diagram (682 x 563; 42K)
TXT: Sewall Wright Papers, from the American Philosophical Sgcie
TXT: Biographical memoirs

1920-1926 Numerous textbooks on graphics, describing principlesapkical presentation of numerical
information (published at a rate of about two each year),-e-d\. C. Haskelll2§, Karl G. Karsten,
USA [157, A. R. Palmer, England22,.
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1923 Invention of the iconoscope television camera-tube— \ffadKosma Zworykin (1889-1982), Rus-
sia. 06/25/05:YL
PIC: Zworykin,portrait, with kinescope (200 x 218; 7.3K)
TXT: Zworykin biography and invention (with images)

1924 Museum of Social Statistical Graphics and the ISOTYPE systieternational System of Typo-
graphic Picture Education)— Otto Neurath (Director) (1:88245 ), Social and Economic Museum,
Vienna, Austria 210, 211].

PiC: Neurath portrait - small (104 x 150; 4K)

PiIC: Neurath portrait - large (363 x 502; 29K)

IMG: Neurath Isotype image (215 x 300; 14K)

FIG: Births and deaths in Germany, fro1[(] (699 x 551; 43K)

FIG: Infant mortality and social position in Vienna, fror21Q (500 x 320; 46K)
FIG: Number of men living in Europe, fron2L( (551 x 451; 62K)

FIG: Isotype figure (400 x 229; 276Kk)

TXT: Neurath biography

TXT: Wikipedia: Neurath biography

1925 Development of the control chart for statistical controlrafustrial processes— Walter A. Shewhart
(1891-1967), USAL63.
PIC: Walter Shewhart portrait (82 x 109; 5K)
TXT: Collection of web sites on Shewhart

1926 Experimental test of statistical graphical forms (pie wsdivided bar charts)— Walter C. Eells, USA

[63].
IMG: Experimental stimuli (415 x 316; 96K)

1927-1932 Spate of articles on experimental tests of statistical g forms— R. von Huhn14Q, F. E.
Croxton b1, 52, 53], J. N. Washburne318, USA.
FIG: Graphical image used by Washburne: Income (653 x 1120; 116K)
FIG: Graphical image used by Washburne: Population of Floret¥e X 295; 35K)

1927-1934 The birth of psychometrics, including unidimensional swl(the law of comparative judg-
ment) and multiple factor analysis. This would give rise igualizations in one or more dimensions
of psychological constructs, like attitudes, prefereneesl abilities.— Louis Leon Thurstone (1887-
1955), Chicago, USAZ83 284. 04/12/07:MF
PIC: Thurstone portrait (150 x 237; 9.8K)
FIG: Factorial diagram for study of radicalism and attitudesQ)(%@98; 57K)
TXT: Wikipedia Thurstone biography
TXT: Thurstone, “Vectors of the Mind”

1928 Nomogram of chemical concentrations in blood, showing #i&ions among over 20 components—
Lawrence Joseph Henderson (1878-1942), US|
IMG: Henderson nomogram icon (120 x 59; 5K)
FIG: Henderson nomogram image (1305 x 642; 226K)
TXT: Henderson biography (pdf)

1928 lIdeograph, a multivariate rectangular glyph, invented ispldy four variables and their relations
(length and width of petals and sepals in iris flowers)—Edgadéxson (1897-1969), USA,[161].
PIC: Portrait (150 x 200; 124k)
TXT: Brief biography

1929 Electroencephalograph invented, to record electricaladggfrom the brain via galvanometers that
measure electrical signals from electrodes on the scalgzsBiere printed on multiple-pen, strip-
chart recorders, with each channel showing the the ampliftcin a given electrode.— Hans Berger
(1873-1941), Austria. 06/16/05:YL
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PIC: Berger portrait (125 x 190; 9K)

FIG: EEG machine (300 x 238; 23K)

[In 1924, Berger made the first EEG recording in man and callBtkittroenkephalogram. Berger was the first to describe the
different brainwaves in the normal and abnormal brain. Her@searched the nature of changes in EEG for brain diseases su
as epilepsy.]

1930 Table of historical events drawn on logarithmic paper— iaifon Foerster (1911-2002),Austria.  06/16/05:YL
FIG: Table of historical events drawn on logarithmic paper
TXT: von Foerster biography
TXT: von Foerster interview and logarithmic timeline
TXT: Tabular representation of logarithic timeline
[von Foerster observed that the closer to the present, the desely filled the paper was with historical events; caelgy
the further you went back the thinner the table. Plottingdata using a logarithmic time scale allowed the history of time t
be plotted on one table.]

1931 “Log Square” paperlbg y, log x, for relations which are linear in log scales)— F. C. Martimdd.
H. Leavens, USA186].

1933 Standard statistical symbols (Neurath’s Isotype meths@}dished by government decree (for schools,
public posters, etc.)— Soviet Unio81(Q.

1933 Re-design of the routes of the London underground rail systefavor usability— Henry C. Beck
(1903-1974), London, UK. 05/01/07:MF
PIC: Beck portrait (240 x 258; 20K)

FIG: Beck’s initial underground map (450 x 308; 66K)

FIG: Modern London tube map following Beck

TXT: Wikipedia on Henry (Harry) Beck

TXT: Catalog of London Underground maps 1933-

[Beck, an engineering draughtsman, designed the map likeeatriehl circuit board, using only vertical, horizontalda#5
degree angled lines. He located stations according toadlaispace. The resulting map was geographically inaccuate
easier to use to determine how to get from point A to B. Beclkeaid/as soon copied by most subway (and bus) companies
around the world.]

1935-1950 Lapse of interest in statistical graphics, as concern vaitiél, “precise”, and numerical meth-
ods gained ascendancy (the modern “dark ages” of statigtiaphics)B5|.

1937 First modern review of the early history of statistical grms— H. Gray Funkhouser (1898-1984),
USA [92].

1939 Description of a memex, an associative information reafiesystem which would help someone
find information based in association and context rathem #iect categorical indexing; conceptual
creation of “hyperlink” and the "World Wide Web"— VannevauBh (1890-1974), USA. 06/25/05:YL
TXT: Bush biography (with links and images)
TXT: As We May Think (e-text):
[He foresaw this operating on an electric analog computeichwivas completed in 1942. His description was publishedén th
Atlantic Monthly “As We May Think” July, 1945]

1944 Harvard’s Mark 1, the first digital computer, put in servigafficially known as the “IBM Automatic
Sequence Controlled Calculator” (ASCC), the Mark | was 5 feng and weighed about 5 tons.—
Howard H. Aiken (1900-1973) and Grace Hopper (1906—1993A U
PIC: Howard Aiken portrait (200 x 278; 33K)

IMG: The “Mark I" IBM ASCC (240 x 144; 38K)

TXT: Aiken biography

TXT: Howard Aiken’s Harvard Mark |

TXT: History of Computing: Harvard Mark |

[The first official record of the use of the word “bug” in the ¢ext of computing is associated with a relay-based HarvankMa
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Il computer, which was in service at the Naval Weapons Cent&ahlgren, Virginia. On September 9th, 1945, a moth flew
into one of the relays and jammed it. The offending moth was tagedhe log book alongside the official report, which stated
“First actual case of a bug being found.”]

1944 Development of an electro-mechanical machine to aid in thation of multidimensional factor
analysis solutions to “simple structure.” This allowed aalgst to carry out by direct manipulation of
dials what one did by plotting pairs of factors, and handwakion of the rotation matrices in earlier
times [(work carried out under the Adjutant General for depment of the Armed Forces General
Classification Test)d89]— Harry Harmon (1913-1976), USA .

PIC: Harry Harmon portrait (390 x 453; 82K) §7: 40 itemg

8 1950-1974: Re-birth of data visualization

Still under the influence of the formal and numerical zeitgeist from the mid-1930s
on, data visualization began to rise from dormancy in the mid 1960s, spurred largely
by three significant developments:

e In the USA, John W. Tukey, in a landmark paper, “The Future of Data Analysis”
[294], issued a call for the recognition of data analysis as a legitimate branch of
statistics distinct from mathematical statistics; shortly, he began the invention of
a wide variety of new, simple, and effective graphic displays, under the rubric of
“Exploratory Data Analysis” (EDA). Tukey’s stature as a statistician and the scope
of his informal, robust, and graphical approach to data analysis were as influential
as his graphical innovations. Although not published until 1977, chapters from
Tukey’s EDA book [297] were widely circulated as they began to appear in 1970—
1972, and began to make graphical data analysis both interesting and respectable
again.

e In France, Jacques Bertin published the monumental Semiologie Graphique [26].
To some, this appeared to do for graphics what Mendeleev had done for the or-
ganization of the chemical elements, that is, to organize the visual and perceptual
elements of graphics according to the features and relations in data.

e But the skills of hand-drawn maps and graphics had withered during the dormant
“modern dark ages” of graphics (though every figure in Tukey’s EDA [297] was, by
intention, hand-drawn). Computer processing of data had begun, and offered the
possibility to construct old and new graphic forms by computer programs. True
high-resolution graphics were developed, but would take a while to enter common
use.

By the end of this period significant intersections and collaborations would begin:
(a) computer science research (software tools, C language, UNIX, etc.) at Bell Labora-
tories [16] and elsewhere would combine forces with (b) developments in data analysis
(EDA, psychometrics, etc.) and (c) display and input technology (pen plotters, graphic
terminals, digitizer tablets, the mouse, etc.). These developments would provide new
paradigms, languages and software packages for expressing and implementing statis-
tical and data graphics. In turn, they would lead to an explosive growth in new visual-
ization methods and techniques.

Other themes begin to emerge, mostly as initial suggestions: (a) various visual rep-
resentations of multivariate data; (b) animations of a statistical process; (c) perceptually-
based theory (or just informed ideas) related to how graphic attributes and relations
might be rendered to better convey the data to the eyes.

1957 Circular glyphs, with rays to represent multivariate dat&dgar Anderson, USAd].
FIG: Use of metroglyphs in a graph (672 x 532; 48K)
FIG: Diagramming variables in more than 3 dimensions (571 x 29K)3
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1957 Creation of Fortran, the Formula Translation languageHerlBM 704 computer. This was the first
high-level language for computing.— John Backus (19248],99SA. 06/25/05:YL
TXT: FORTRAN background
TXT: Backus biography and bibliography (with links and images)

1958 The “Phillips Curve,” a scatterplot of inflation vs. unempheent over time shows a strong inverse
relation, leading to important developments in macroeodonaheory— Alban William Housego
Phillips (1914-1975), NZZ34.

FIG: The Phillips Curve (307 x 246; 4K)
FIG: The Phillips Curve (452 x 437; 19K)
TXT: Phillips biography

1962 Beginnings of modern dynamic statistical graphics (a 1 neiraovie of the iterative process of
finding a multidimensional scaling solution)— Joseph B. $kal (1929-), Bell Labs, USA.
PiIC: Photo of Joseph Kruskal (197 x 248; 45K)
TXT: ASA Video Library blurb for video “Multidimensional Scalyi, with sample frames

1965 Beginnings of EDA: improvements on histogram in analysismfnts, tail values (hanging rootogram)—
John W. Tukey (1915-2000), US295.
PiC: Photo of John W. Tukey (151 x 219; 4K)
TXT: Biography, tributes, images, bibliography of JWT
TXT: Tukey biography
IMG: Hanging rootogram for the fit of a Poisson distribution (42319; 3K)

1966 Triangular glyphs to represent simultaneously four vdeighusing sides and orientation— R. Pickett
and B. W. White, USA235

mid 1960s Initial development of geographic information systemanbming spatially-referenced data,
spatial models and map-based visualization. Example: dfdrizaboratory for Computer Graphics
(and Spatial Analysis) develops SYMAP, producing isoliclepropleth and proximal maps on a line
printer— Howard Fisher, USAB, 287).
FIG: Early SYMAP image of Connecticut (763 x 768; 15K)
TXT: The GIS History Project
TXT: GIS Milestones

1967 Comprehensive theory of graphical symbols and modes ohgrapepresentation— Jacques Bertin
(1918-), Franced6, 27]
PIC: Bertin portrait (156 x 240; 43K)
PIC: Bertin color portrait (180 x 223; 13K)
IMG: Bertin’s seven visual variables (314 x 281; 9K)
IMG: The reorderable matrix (300 x 142; 2K)
TXT: 30 ans de semiologique graphique
TXT: Jacques Bertin, Semiologie Graphique web site
TXT: InfoVis interview with J. Bertin
[Among other things, Bertin introduced the idea of reordgdnalitative variables in graphical displays to make ret&imore
apparent— the reorderable matrix.]

1968 Systematic “graphical rational patterns” for statistipaésentation— Roberto Bachi (1909-1995),
Israel [L1].

IMG: Bachi number patterns (371 x 253; 27K)
PIC: Bachi portrait (149 x 224; 251k)

1969 Graphical innovations for exploratory data analysis (sterd-leaf, graphical lists, box-and-whisker

plots, two-way and extended-fit plots, hanging and suspktnatgtograms)— John W. Tukey (1915-
2000), USA p9€|.
IMG: Boxplot of leading digits of lottery numbers (640 x 495; 6K)
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1969 Suggestion for displaying five variables by means of movamen a CRT— George Barnard, Eng-
land [14]

1969 The first well-knowrdirect manipulatiorinteractive system in statistics: allowed users to intiéraly
control a power transformation in realtime for probabifitptting— E. B. Fowlkes, USAT8].

1971 Irregular polygon (“star plot”) to represent multivariatata (with vertices at equally spaced intervals,
distance from center proportional to the value of a varigllet see Georg von Mayr in 187192 S.
78] for first use]— J. H. Siegel, R. M. Goldwyn and Herman Pe@fnhan, USA 266
FIG: Star plot of crime rates in US cities (504 x 505; 8K)
TXT: Star plot, description and example

1971 Proposal to use statistical graphics in social indicatporgéng, particularly on television— Albert D.
Biderman (1922-), USAZS].

1971 Development of the biplot, a method for visualizing both dieservations and variables in a mul-
tivariate data set in a single display. Observations are#jly represented by points, variables by
vectors, such that the position of a point along a vectoresgmts the data value— Ruben Gabriel
(1929-2003), USAY4). 10/20/05:MF
FIG: Biplot representation of blood chemistry data (511 x 483)17
FIG: Biplot representation of ratings of automobiles (489 x 3BK)
TXT: Description of PCA and biplot

1972 Form of Fourier series to generate plots of multivariatadaDavid F. Andrews, Canadg][
IMG: Fourier function plot image (217 x 222; 3K)

1973 Cartoons of human face to represent multivariate data— Her@hernoff (1923-), USA4P).
Pi1C: Chernoff portrait (159 x 230; 24K)
IMG: Faces plot of automobile data, by origin (428 x 114; 3K)
TXT: Chernoff faces Java applet
TXT: Chernoff CV and portrait

1973 USA Government chartbook devoted exclusively to reporsiagial indicator statistics— Office of
Management and Budget, USA{].

1973-1976 Revival of statistical graphics innovation, use by U.S. é&ur of the Census— Vincent P.
Barabba (1934-) (Director), USA.

1974 Color-coded bivariate matrix to represent two intervallgasured variables in a single map (Urban
Atlas series)[but see Georg von Mayr in 187241, Fig. XIX] for first use]— U.S. Bureau of the
Census, USA301].

IMG: CDC map of incidence of stomach cancer (406 x 261; 60K)

1974 Comparative experimental test of histogram, hanging distm and hanging rootogram— Howard
Wainer, USA B1(Q.

1974 Start of true interactive graphics in statistics; PRIM{9e first system in statistics with 3-D data
rotations provided dynamic tools for projecting, rotatireplating and masking multidimensional data
in up to nine dimensions— M. A. Fishkeller, Jerome H. Friedraad John W. Tukey (1915-2000),
USA [74, 75
pIC: Jerome Friedman portrait (935 x 965; 348K)

9 1975—present: High-D data visualization

It is harder to provide a succinct overview of the most recent developments in data
visualization, because they are so varied, have occurred at an accelerated pace, and
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across a wider range of disciplines. It is also more difficult to highlight the most signifi-
cant developments (and because we have focused on the earlier history), so there are
presently areas and events unrepresented here.

With this disclaimer, a few major themes stand out:

e the development of a variety of highly interactive computer systems and more
importantly,

e new paradigms of direct manipulation for visual data analysis (linking, brushing,
selection, focusing, etc.)

e new methods for visualizing high-dimensional data (grand tour, scatterplot matrix,
parallel coordinates plot, etc.);

e the invention of new graphical techniques for discrete and categorical data (four-
fold display, sieve diagram, mosaic plot, etc.), and analogous extensions of older
ones (diagnostic plots for generalized linear models, mosaic matrices, etc.) and,

o the application of visualization methods to an ever-expanding array of substantive
problems and data structures.

These developments in visualization methods and techniques arguably depended
on advances in theoretical and technological infrastructure. Some of these are: (a)
large-scale software engineering; (b) extensions of classical linear statistical model-
ing to wider domains; (c) vastly increased computer processing speed and capacity,
allowing computationally intensive methods and access to massive data problems.

In turn, the combination of these themes and advances now provides some solu-
tions for earlier problems.

1975 Weekly chartbook (eventually computer-generated) tof wi&. President, Vice President on eco-
nomic and social matters— Bureau of the Census and Office oflglement and Budget (at request
of Vice President Nelson Rockefeller), USA
TXT: Measuring 50 years of economic change

1975 “Four-Fold Circular Display” to represent 2 x 2 table— SteptE. Fienberg, USAT]].
PIC: Stephen Fienberg portrait (368 x 368; 68K)
IMG: Fourfold display (258 x 254; 2K)from [81]
TXT: Friendly (1994) paper (.ps.gz format)
TXT: Fienberg CV and portrait

1975 Enhancement of scatterplot with plots of three moving stia8 (midmean and lower and upper
semimidmean)— William S. Cleveland and Beat Kleiner, USA [
PiIC: Cleveland portrait (210 x 256; 31K)
IMG: USA 1970 Draft Lottery Data, with median and quartile trae&3 x 448; 8K)
TXT: Cleveland bio and papers

1975 Experiment showing random permutations of features useZhiernoff’s faces affect error rate of
classification by about 25 percent— Herman Chernoff (1928d)M. H. Rizvi, USA A3].
TXT: Chernoff faces

1975 Experimental tests of statistical graphics vs tables, figslfavoring latter— Andrew S. C. Ehrenberg,
England B4, 65].
PiC: Ehrenberg portrait (270 x 211; 5.4K)
TXT: Summarising and presenting data- Rules for tables

1975 Scatterplot matrix, the idea of plotting all pairwise segttots for n variables in a tabular display—
John Hartigan, USA125. 03/16/07:MF
PIC: Hartigan portrait (108 x 145; 21K)
IMG: Simple scatterplot matrix (248 x 248; 2.6K)
IMG: Enhanced scatterplot matrix (349 x 279; 5K)
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1976 Monthly USA Government chartbook of economic and socialdse(StatUS)— U.S. Bureau of the
Census, USA307
TXT: US Bureau of Census home page

1977 “Cartesian rectangle” to represent 2 x 2 table, experinligritssted against other forms— Howard
Wainer and Mark Reiser, USA[L3

1977 Ad Hoc Committee on Statistical Graphics, leading to the ASstion on Statistical Graphics, later
to theJournal of Computational and Graphical Statisties American Statistical Association, USA

1978 Original invention of linked brushing (highlighting of obxwations selected in one display in another
display of the same data), although in a manner differemh fhmw we see it in today’s systems—
Carol Newton, USA2172.

1978 S a language and environment for statistical computatiahgraphics.S (later sold as a commer-
cial packageS-Plus more recently, a public-domain implementatidhis widely available), would
become dingua francafor statistical computation and graphics— Richard A. Becked John M.
Chambers, Bell Labs, USALB, 17, 16].

PiIC: Richard Becker portrait (200 x 300; 39K)

IMG: Boxplot of the NJ Pick-it Lottery (160 x 124; 28K)
TXT: A Brief History of S (Postscript)

TXT: The R Project for Statistical Computing

1979 Geographic correlation diagram, showing the bivariatetieh between two spatially referenced vari-
ables using vectors to represent geographic covariatiorerk Mionmonier, USA20Q
PIC: Monmonier portrait
TXT: Monmonier bio

1981 Mosaic display to represent frequencies in a multiway cg@ncy table— John Hartigan and Beat
Kleiner, USA [126, 127]. See also$4].
IMG: Mosaic displaya la Hartigan and Kleiner (339 x 366; 3K)
FIG: Hartigan & Kleiner 5-way mosaic of TV ratings (629 x 663; 105K
TXT: A Brief History of the Mosaic Display (pdf)

1981 Fisheye view: an idea to provide focus and greater detaitéasaof interest of a large amount of
information, while retaining the surrounding context inchuess detail— George W. Furnas, USA
[93].
IMG: Fisheye view of central Washington, D.C. (207 x 207; 14K)
FIG: Fisheye view of central Washington, D.C. (512 x 512; 63K)
FIG: Fisheye view of central Washington, D.C. (512 x 512; 63K)
TXT: Nonlinear magnification home pggeany references and links]
TXT: Furnas home page
TXT: Generalised fisheye views paper (pdf)

1981 The “draftsman display” for three-variables (leading stmthe “scatterplot matrix”) and initial ideas
for conditional plots and sectioning (leading later to “lmig” and “trellis displays”)— John W. Tukey
(1915-2000) and Paul A. Tukey, Bell Labs, U2A§.

1982 Another early version of brushing, invented independeaitihdewton, together with a system for 3-D
rotations of data— John A. McDonald, USA93].

1982 Visibiltiy Base Map, a map of the United States where areagdjusted to provide a readily readable
platform for area symbols for smaller states, such as Detaad Rhode Island, with compensating
reductions in the size of larger states— Mark Monmonier, J2@?.

PIC: Mark Monmonier portrait (140 x 202; 3.9K)
FIG: US Visibility Map (531 x 335; 5K)
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1982 The USA Today color weather map begins an era of color inftiomagraphics in newspapers.
Shortly, colorful visual graphics become widespread.—r@edorick, USA. 05/01/07:MF
PiIC: George Rorick portrait (197 x 208; 8.8K)
IMG: Weather map icon (196 x 319; 23K)
FIG: Weather map image (357 x 578; 77K)
TXT: The Colorful Origins of USA Today
[Rorick used a combination of color, maps, tables, symbols andtation to transform often dull and incomprehensiblerinfo
mation into something more interesting and accessible]

1983 Sieve diagram, for representing frequencies in a two-wayiegency table— Hans Riedwyl (1935-)
and Michel Schipbach, Switzerland?b(
PIC: Riedwyl portrait (118 x 160; 14K)
IMG: Sieve diagram image (179 x 170; 2K)
TXT: Riedwyl bio and portrait
TXT: Sieve diagrams applet

1983 Esthetics and information integrity for graphics defined dlustrated (some concepts: “data-ink
ratio”, “lie factor”)— Edward Tufte (1942-), USAZ91, 292 293
PiIC: Tufte portrait (190 x 218; 8.4K)
TXT: Graphics and web design according to Tufte’s principles

1985 Grand tour, for viewing high-dimensional data sets via adétired progression of 2D projections—
Daniel Asimov, USA B].
TXT: Technical reportThe grand tour via geodesic interpolation of 2-franfpdf)

1985 Parallel coordinates plots for high-dimensional data—rédfinselberg, USAT46, 147, 14§|.
piC: Allnselberg portrait (1110 x 785; 95K)
TXT: Parallel coordinates— How it happened
TXT: Parallel coordinates visualisation applet
TXT: Java applet, allowing direct manipulation: The Paralleb@ate Explorer
IMG: Representation of a six dimensional point in parallel cowtes (282 x 174; 2K)
FIG: Representation multivariate data in parallel coordinédés x 339; 9K)

1986 Automatic design of graphical presentations of relatiateth using a computational extention of
Bertin’s semiology of graphics— Jock Mackinlay, Palo AISGA [179, 180. 07/15/08:JM
PIC: Mackinlay portrait (100 x 120; 5.6K)
FIG: APT generated graphic, 4 variables in a scatterplot (4669 582K)
TXT: ACM Transactions on Graphics article

1987 Interactive statistical graphics, systematized: allgnushing, linking, other forms of interaction—
Richard A. Becker and William S. Cleveland, USE9].
FIG: Figure 14 from “Brushing scatterplots” showing interaetigbeling of brushed points (681 x 566; 76K)
TXT: ASA Video Library blurb for video “Dynamic Displays of Data”
TXT: Becker bio and portrait

1988 First inclusion of grand tours in an interactive system #iab has linked brushing, linked identifica-
tion, visual inference from graphics, interactive scalirigplots, etc.— Andreas Buja, Daniel Asimov,
Catherine Hurley and John A. McDonald, US2¢4].

PIC: Andreas Buja portrait (663 x 887; 51K)
TXT: XGobi - multivariate visualization
TXT: Buja home page

TXT: Hurley home page

1988 Interactive graphics for multiple time series with direcampulation (zoom, rescale, overlaying,
etc.)— Antony Unwin and Graham Wills, UK3D3.
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http://www.research.att.com/~rab/
/SCS/Gallery/people/AndreasBuja.jpg
http://www.research.att.com/areas/stat/xgobi/
http://www-stat.wharton.upenn.edu/~buja/
http://www.maths.may.ie/staff/churley/churley.html

IMG: DiamondFast image, overlaid time series, aligned and lesaateractively (344 x 97; 19K), lynx trapping data
TXT: Unwin home page

1989 Statistical graphics interactively linked to map display&raham Wills, J. Haslett, Antony Unwin
and P. Craig, UK324; Mark Monmonier, USA P01
IMG: REGARD image: largest annual oil flows into EU, 1977-19906(% B59; 30K)

1989 Use of “nested dimensions” (related to trellis and mosaspldiys) for the visualization of multidi-
mensional data. Continuous variables are binned, andblesiare allocated to the horizontal and
vertical dimensions in a nested fashion— Ted Mihalisin, U%84, 195.

FIG: TempleMVV image: 4 response variables vs. age, sex, eduncgL2 x 585; 290K)
FIG: TempleMVV image: 4-way association (913 x 586; 527K)

1990 Lisp-Stat, an object-oriented environment for stati$tmamputing and dynamic graphics— Luke
Tierney, USA p85.
TXT: Lisp-Stat information
PIC: Luke Tierney portrait (198 x 302; 33K)
TXT: Tierney home page

1990 Grand tours combined with multivariate analysis— CatheeHurley and Andreas Buja, USA44

1990 Textured dot strips to display empirical distributions—uPA. Tukey and John W. Tukey (1915
2000), USA p9g.

1990 Lexis pencil: display of multivariate data in the contextitd-history— M. Keiding, UK [15§
IMG: Lexis pencil image (394 x 300; 39K)
FIG: Animated 3D lexis pencil, from Brian Francis (360 x 270; 135K
TXT: Bertin, lexis, and the graphical representation of evestohies

1990 Statistical theory and methods for parallel coordinatesspt- Edward Wegman, USA[LY.
pic: Ed Wegman portrait (176 x 219; 11K)
FIG: Representation multivariate data in parallel coordinét&$ x 339; 9K)

1991 Mosaic display developed as a visual analysis tool for lngdr models (beginning general methods
for visualizing categorical data)— Michael Friendly (1945Canadage6, 82].
TXT: Tutorial description of mosaic displays
TXT: Brief history of the mosaic display
IMG: Two-way mosaic of hair color and eye color (329 x 299; 4K)
IMG: Three-way mosaic of hair color, eye color, and sex (329 x 289;

1991 Treemaps, for space-constrained visualization of hiéias; using nested rectangles (size propor-
tional to some numerical measure of the node)— Ben Shneate(id47-), USA265 153.
PiC: Ben Shneiderman portrait (110 x 150; 5.9K)
FIG: TreeViz image of files on the HCIL server (636 x 429; 14K)
TXT: Treemaps description and images
TXT: Treemap homepage
TXT: Wikipedia: Ben Shneiderman biography

1991-1996 A spate of development and public distribution of highlyeirstctive systems for data analysis
and visualization, e.g., XGobi, ViSta— Deborah Swayne, Dbk, Andreas Bujad76, 37, 277),
Forrest Young (1940-2006329, USA.

PiC: Debbie Swayne portrait (200 x 370; 14K)
IMG: XGobi screen shot (901 x 682; 29K)
TXT: ViSta - The Visual Statistics System
TXT: XGobi and XGVis homepage
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/SCS/Online/mosaics/mosaic34.gif
/SCS/Online/mosaics/mosaic35.gif
/SCS/Gallery/people/BenShneiderman.jpg
/SCS/Gallery/images/treeviz.gif
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1992 Beginnings of the general extension of graphical methodastegorical (frequency) data— Michael
Friendly (1945-), Canad&0, 83].

1994 Table lens: Focus and context technique for viewing largieta user can expand rows or columns
to see the details, while keeping surrounding context— Renfgao and Stuart K. Card, Xerox Parc,
USA [247].
IMG: Table lens screen shot (600 x 459; 58K)
TXT: The Table Lens: Merging Graphical ... (CHI, 1994) paaper
TXT: ACM SigChi paper: Exploring Large Tables with the Table LeRao and Card
TXT: Interactive table lens demonstrations, from InXight
TXT: Information visualization and the next generation workspgodf)

1996 Cartographic Data Visualiser: a map visualization toolkitih graphical tools for viewing data, in-
cluding a wide range of mapping options for exploratory gpatata analysis— Jason Dykes, UK
[62].
PIC: Jason Dykes portrait (120 x 160; 4.1K)
TXT: CDV paper
IMG: CDV screen shot (432 x 300; 38K)
TXT: Dykes home page

1999 Grammar of Graphics A comprehensive systematization of grammatical rulesdfda and graphs
and graph algebras within an object-oriented, computatiwmamework— Leland Wilkinson (1944-),
USA [322 323.
PIC: Lee Wilkinson portrait (204 x 277; 5.7K)
FIG: Contour plot of death rate vs. birth rate (575 x 575; 24K)
FIG: 3D Contour map, Fig 8-11 (511 x 453; 48K)
FIG: Minard’s March on Moscow graphic (561 x 267; 22K)
TXT: Wilkinson home page

2004 Sparklines: “data-intense, design-simple, word-sizegblics,” designed to show graphic information
inline with text and tables — Edward Tufte (1942-), US29(). 1/22/07:MF
IMG: Sparkline of the US deficit, 1983-2003 (62 x 16; 0.1K)
IMG: Sparkline graphic for 4 stocks (80 x 20; 0.8K)
TXT: Sparkline entry from Wikipedia

TXT: Tufte’'s explanation of sparklines §9: 41 items

10 Related resources and web links

There are many other useful collections of historical information related to the mile-
stones detailed here. We list below a few of the more useful ones encountered so
far.

History of science

e Major Scientific & Medical Discoveries, Inventions & Events650-1800 A simple, but useful time-
line.

e Eighteenth-Century Resources — Science and Mathemaéesof a larger collection of Eighteenth-
Century history resources.

e Media history timeline pagesn illustrated chronology of media developments, witlkdito related
timelines.

e Science timelineA detailed listing of important developments in the higtof science, mathematics,
and philosophy of science from the dawn of civilization, bamMl Lee.
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e An Historical Timeline of Computer Graphics and Animation

e Timeline of knowledge representatiofrrom a slightly quirky artificial intelligence perspedaivthe
site lists hundreds of developments across many fields.

e GEsource thematic timeline of mapart of a hub of internet resources related to geography iand e
vironmental studies.

e intute: Timelines of science, engineering and technolAghlarge collection of timelines of notable
events from prehistoric times to the present, broken dowmsaparate subject areas and themes.

History of cartography

e Henry Davis: Cartographic Images Home Pafiene charts of cartography, with a large collection of
map images and descriptions, from ancient to late 19th centu

e The History of CartographyAn on-going project at the University of Wisconsin, prothgca six-
volume set, covering prehistoric and ancient cartogragsingugh the 20th century.

e Historical Map Web SitesA large list of links to historical maps on the web.

e \Web Articles on the History of Cartographiarly maps, and the resources and activities associated
with them, form the subject of over 100 'pages’ on this sité.tihe worthwhile information about old
maps can be found here, directly or indirectly.

e Map History / History of CartographyAll the worthwhile information about early, old, antiquad
antiquarian maps can be found here, or from here. The 100spafgihis site offer comment and
guidance, and many, many links - selected for relevance aalitgy Maintained by Tony Campbell,
Map Librarian (retired), British Library, London.

e History and Milestones of GISA detailed timeline of history of maps and developments i,Grom
pre-200 AD to present.

e GiS TIMELINE, from the Centre for Advanced Spatial Analysis: An inteiragtvisual overview of
key historical events in the development and growth of Gaplgical Information Systems from their
conception in the 1960’s to the present day.

e Places and Spacean exhibit on “cartography of the physical and abstracgauillustrations of car-
tographic maps, concept maps and domain maps to explain spec of visual perception, data
analysis, spatial layout and other aspects combine toecieaisualization of spatially-referenced
information.

History of probability and statistics

e The History of Mathematicians ArchiveA large collection of biographical sketches of mathemati-
cians and statisticians, with alphabetical and chronckigndexes, and quite a few portraits.

e Materials for the history of statistics, University of YorA collection of portraits, biographies, origi-
nal works, and images.

e UCLA History of Statistics pagesA collection of original articles and images from the histof
statistics.

e History of Statistics TimelineDan Denis’ collation of significant events in the historystétistics.

e Figures from the History of Probability and Statistishronological listing from 1650—present, with
portraits and many links.
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http://www.maphistory.info/webtexts.html
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http://www.gisdevelopment.net/history/
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http://www-history.mcs.st-and.ac.uk/~history/
http://www.york.ac.uk/depts/maths/histstat/
http://www.stat.ucla.edu/history/
http://www.students.yorku.ca/~dand/statstimeline.html
http://www.economics.soton.ac.uk/staff/aldrich/Figures.htm

Information visualization

e Our Gallery of Data Visualizatiomas a section on Historical Milestones, as well as many elesnmp
of the best and worst of statistical graphics.

e Keith Andrews’Information Visualizationecture notes provide many examples of recent advances in
this field.

e TheNumerical Aerospace Simulatianaintains the comprehensigenotated scientific visualization
web site bibliography.

e InfoVis.netis an eclectic, bilingualEnglish Spanish web site on Information Visualization with a
weekly newsletter by Juan C.libstfeler from UPF in Barcelona.

e Les fonds anciens de la bibligtue de I'Ecole des mines de Panas mounted a lovely exposition,
Les graphiques scientifiques: pegbnenesa leur usage € leur histoireof some of the history and
usage of scientific graphics, under the direction of M. Haferine. Several images linked here

appear through the courtesy of Marie-Noelle Maisonneuve.
278 items

’ Milestones content totals: 278 items, 339 text links, 428des, 331 bib ref%.

11 Catgeory cross references

The milestones items have been classified into hierarchical categories as an aid to
researchers wishing to examine this material by thematic groups. The categories of
Content (Section 11.1) relate to the substance or subject matter of the milestone or
innovation— what is was about. Some of the main category headings are Astronomy;,
Commerce, Education, and Social science. The categories of Form (Section 11.2)
relate to the graphic or technological details of the milestone item— what it consisted
of. Some of the main categories used here are graphic types or elements: Chart,
Curve, Diagram, etc. The entries in the listing are the item keys, in the form yearName,
from the chronlogical listing.

In this version of the cross-reference, a given item can appear at several levels in
the hierarchy, representing broader or narrower categories.

11.1 Content c1

Astronomy 240BCEratosthene$34BCHipparchus950Unknown 1375Cresqued530Gemma-Frisiys
1545Gemma-Frisiyd572Brahel626Scheingrl632Galilej 1809Gaussl904Maunder

1911Hertzsprung c11
> Cosmography 134BCHipparchusl375Cresqued 530Gemma-Frisiyd 545Gemma-Frisiys

1572Brahe1632Galilej 1911Hertzsprung c13
> Planetary movement 240BCEratosthene850Unknown 1809Gauss ci5
> Sunspot 1626Scheingrl904Maunder c2

Calculation 1550Rheticus1663Cardanol600sUnknown1614Napier1623Schickardl637Fermat
1654Pascatl693aHalley1736Newton1750Mayer 1760Lambert1765Lambert1767Lambert
1795Pouchetl822Babbagel 832Herschell846Lalanngl846Queteletl884Hollerith 1885Galton
1914Brinton 1920Wright 1944Harmon1957Andersonl965Tukey 1966Pickett1969Tukey
1969Fowlkes1972Andrews1974Wainer1975Ehrenberdl977Wainer 1981Hartigan1981Tukey
1983Riedwy] 1987Becker1990Tukey 1990Wegman1991Friendly 1991Shneiderman
1992Friendly 1999Wilkinson
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Commerce 1654Petty1782Cromel1786Playfair 1836Angeville 1851Minard 1863Jevonsl874Mayg
1905Lorenz1925Shewhartl927Huhn 1958Phillips 1975Censusl 976 USCensyd.989Wills,

> External 1782Cromel1836Angeville 1863Jevons
> External > General Economic Wealth 1782Crome1836Angeville 1863Jevons

> Internal 1654Petty1786Playfair 1851Minard 1874Mayt 1905Lorenz1925Shewhartl927Huhn
1958Phillips 1975Censuysl976USCensyd.989Wills

> Internal > Agriculture 1786Playfair 1851Minard 1874Mayr 1927Huhn 1958Phillips
> Internal > Labour 1786Playfaiy 1905Lorenz1927Huhn 1958Phillips

> Internal > Mining 1851Minard

> Internal > Resource 1989Wills

> Internal > Resource> Cotton 1989Wills

> Internal > Resource> lron 1989Wills

> Internal > Survey 1654Petty

Education 1657Huygensl748Achenwall1758Mayey 1801Playfaiy 1853IS| 18571S| 1857alS]
1868Levasseyl872USCongresd872Schwabel877Mayr 1877aMayr 1878Marey
1885Lallemand18840cagnel9011S| 1910Unknown1910Peddle1911Roeslg1913City,
1913Costellogl914Engineersl915Association1915Fisher1916Warng1918Cubberly
1919Ayres 1920Haskell1924Neurath1926Eells 1927Huhn 1928Hendersqri931Martin
1933Unknown1935Unknown 1937Funkhoused 967Bertin 1968Bachi 1973USBudget
1973Barabbal977Association1983Tufte 1999Wilkinson

Logic 1305LlIull, 1750Mayey 1752Euley 1763Bayes1880Venn

Periodic variation 1530Gemma-Frisiyd581Galilej 1779Lambert1843Lalanne1888Cheyssagn
1904Maunder1988Unwin

Physical science6200BCUnknown550BCMiletus 150Ptolemy1533Gemma-Frisiyd 556 Tartaglia
1569Mercator15700rtelius 1603Nautonierl617Snell 1644Langrenl663Wren 1686Halley
1686aHalley1701Halley 1712Hauksbeel 724Cruquiusl752Buachgl 778Charpentier
1779Lambert1782Carla-Bonifacel 785Crome1796Watt 1800Howargd 1800Keith 1801Smith
1811Humboldt1817Humboldt1820sFaradgyl830Faradayl838Berghausl843Lalanng
1843alalanngl861Galton1869Mendeleevl873Gibbs1875Galton1878Sylvester

1910Unknown1911Hertzsprungl913Moseley1928Anderson1979Monmonier1982Monmonier

1996Dykes
> Climate 1617Snell1686Halley

> Geodesy 150Ptolemy1556Tartaglial569Mercator1603Nautonierl644Langrenl701Halley
1778Charpentiel 779Lambert1801Smith 1817Humboldt1820sFaradgyl 830Faraday

> Geodesy> Geology 1556Tartaglial778Charpentierl801Smith

> Geodesy> Geomagnetism 1603Nautonierl701Halley 1820sFaradgyl 830Faraday
> Geodesy> Latitude 150Ptolemy1603Nautonigrl779Lambert1817Humboldt

> Geodesy> Longitude 150Ptolemy1644Langren1817Humboldt
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> Geodesy> Rhumb line 1569Mercator

> Temperature 1663Wren 1779Lambert1800Keith 1817Humboldt1843Lalanngl873Gibbs
1910Unknown1911Hertzsprung

> Topography 6200BCUnknown550BCMiletus 1782Carla-Boniface

> Weather 1663Wren 1686aHalley1820sFaradayl830Faradayl843alalanngl861Galton
1975Cleveland1975Chernoff

Social sciencel280LIull, 1662Graunt1666Talon 1669HuUygens1671Wit, 1687Petty 1693Halley

1711Arbuthnot1741Sussmilchl753Barbeu-Dubourd 765Priestleyl782Fourcroy1798Seaman

1811Humboldt1819Dupin 1821Fouriey 1825Gompertz1828Queteletl830Montizon
1833Guerry1833aGuerry1833Scropel836Angeville 1836Parent-Duchatelet839Verhulst
1843Pritchard1852Unknown1855Snow1857Nightingale1869Zeunerl869Minard
1872USCensyd.874Walker 1874Vauthier 1874Galton 1875Lexis 1877Bowditch 1879Perozzp
1882Bertillon 1884Mulhall 1884Hollerith 1884Abbott 1885Levasseyi892Geddes
1896Bertillon 1910Unknown1911Roesle1913City, 1917Gantt1919Ayres 1924Neurath
1927Huhn 1929Berger1930vonFoerstel969Tukey 1971Siegel1971Bidermanl972Andrews
1973Chernoff1973USBudgetl 974USCensyd.975Censusl 975Fienbergl976USCensys
1978Becker1990Keiding

> Annuity 1671Witt 1741Sussmilch

> Demographics 1662Graunt1666Talon 1687Petty 1782Fourcroy1821Fouriey1872USCensys
1874Walkeyr 1874Galton1875Lexis 1879Perozzol1882Bertillon 1884Hollerith 1885Levasseuyr
1919Ayres 1924Neurath1973USBudget

> Epidemiology 1798Seamgri855Snow1911Roesle1973USBudget

> Health 1798Seamagrn855Snow1857Nightingale1877Bowditch 1911Roesle
> Literacy 1819Dupin 1973USBudget

> Medical 1855Snow1973USBudget

> Military 1857Nightingale1869Minard 1919Ayres

> Military > Infirmity 1857Nightingale

> Moral Statistics 1833Guerry1833aGuerry1833Scropgl836Parent-Duchatelet843Pritchard
1882Bertillon 1971Siegel1973USBudget

> Moral Statistics > Crime 1833Guerry1833aGuerry1882Bertillon 1971Siegel
> Moral Statistics > Law 1833Guerry

> Moral Statistics > Prostitution 1833Guerry1836Parent-Duchatelet

> Moral Statistics > Suicide 1833Guerry

> Mortality 1662Graunt1666Talon 1669Huygens1671Witt 1687Petty1693Halley 1711Arbuthnat
1825Gompertz1828Queteletl875Lexis 1885Levasseyd911Roeslg1924Neurath

> Politics 1280LIull, 1753Barbeu-Dubourd 929Berger

> Population 1662Graunt1666Talon 1687Petty1741Sussmilcht811Humboldt1821Fouriey
1830Montizon 1836Angeville 1839Verhulst1869Zeunerl872USCensyd.874Walkey
1874Vauthier1879Perozzol885L evasseyl896Bertillon 1910Unknown1913City, 1919Ayres
1924Neurath1927Huhn
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Technology 170BCparchmentlO5Lun 1453Gutenbergl500Vinci 1545Gemma-Frisiyd 556 Tartaglia
1572Brahe1581Galilej 1603Scheinerl617Snell 1620Gunter1623Schickardl646Kirschey
1663Wren 1686Halley 1710Blon 1727Schulzgl750Mayey 1776Monge1787Chladni
1794Buxton 1796Watt 1798Senefelded 800Howarg 1800Keith 1822Babbagel827Niepce
1833Wheatstond 839Daguerrel861Maxwel] 1872Muybridge 1879Jevonsl883Unknown
1884Hollerith 1895Lumieres1899Galton1913Hazen1923Zworykin 1929Berger1931Martin
1939Bush1944Aiken 1944Harmon1957Backus1962Kruskal 1960sFisherl969Barnard
1969Fowlkes1971Bidermanl1974Fishkeller1978Becker1985Asimoy 1985Inselbergl988Buja
1988Unwin 1989Wills, 1989Mihalisin 1990Tierney1990Hurley 1991Swayngl994Rao
1996Dykes1999Wilkinson

> Computing 1822Babbagel939Bush1944Aiken 1944Harmon1957Backus1969Fowlkes
1974Fishkeller1978Becker1991Swaynel994Rao 1996Dykes 1999Wilkinson

> Material 170BCparchmentl05Lun 1879Jevonsl883Unknown1899Galton1913Hazen
1931Martin

> Measurement 1556Tartaglial572Brahe1581Galilej 1617Snell 1620Gunter1686Halley
1750Mayer 1884Hollerith

> Motion 1450Cusal500Vinci 1787Chladni1872Muybridge

> Photography 1727Schulzgl827Niepcel1839Daguerregl861Maxwel] 1882Marey
> Printing 1453Gutenbergl710Blon 1798Senefelded 960sFisher

> Production 1453Gutenbergl710Blon 1833Wheatstone

> Projection 1646Kirschey1776Monge1882Marey 1895Lumieres1923Zworykin 1962Kruskal
1960sFisherl969Barnard1985Asimoy 1985Inselbergl988Buja 1988Unwin 1989Wills
1989Mihalisin 1990Tierney 1990Hurley 1991Swayngl994Rap1996Dykes

> Recording 1545Gemma-Frisiyd663Wren 1794Buxton 1796Watt 1800Howargd 1800Keith
1833Wheatstond 872Muybridge 1879Jevonsl882Marey 1929Berger1974Fishkeller

> Reproduction/Copying 1453Gutenbergl603Scheingrl710Blon

Travel 1837Harnessl844Minard 1879Cheyssari885Marey 1888Cheyssan
> Ferry 1879Cheyssqri885Marey

> Rail 1879Cheyssqgri885Marey 1888Cheyssan

> Road 1879Cheyssan

11.2 Form

Apparatus 170BCparchmentlO5Lun 1453Gutenbergl545Gemma-Frisiyd 581 Galilej 1603Scheiner
1623Schickard1646Kirschey 1663Wren 1822Babbagel827Niepce1833Wheatstone
1839Daguerrgl872Muybridge 1882Marey 1882Bertillon 1884Hollerith 1895Lumieres
1899Galton1923Zworykin 1929Berger1939Bush 1944Aiken 1944Harmon1957Backus
1960sFisherl971Biderman

Chart 134BCHipparchusl857Nightingale1917Gantt1925Shewhartl969Tukey 1975Census
1975Ehrenbergl976USCensyd.978Becker

> Box plot 1969Tukey1975Censusl976USCensyd.978Becker
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F23

> Control chart 1925Shewhart F25
> Coxcomb 1857Nightingale F28
> Gantt chart 1917Gantt £29
> Polar area chart (See: Coxcomb }1857Nightingale F2C
> Star chart 134BCHipparchus F3
Coordinates 13500resmgl500Vinci 1637Fermatl663Wren 1736Newton1794Buxton 1843alalanng

1873Gibbs1885Lallemand18840cagnel985Inselberg F31
> Cartesian coordinates 1794Buxton 18840cagne F32
> Coordinate system 13500resmgl637Fermat F35
> Parallel coordinates 1885Lallemang18840cagngl985Iinselberg F36
> Polar coordinates 1663Wren1736Newton1843alalanne F37
> Rectangular coordinates 1500Vinci F38
> Trilinear coordinates 1873Gibbs Fa
Curve 1686Halley 1760Lambert1821Fourier 1825Gompertz1828Queteletl832Herschel

1839Verhulst1846Queteletl885Galton1905Lorenz1913Hazen1916Warne1958Phillips

1966Pickett Fal
> Curve fitting 1760Lambert1832Herschel F42
> Empirical curves 1825Gompertz1905Lorenz 1958Phillips F492
> Empirical curves > Gompertz curve 1825Gompertz F423
> Empirical curves > Lorenz curve 1905Lorenz F424
> Empirical curves > Phillips curve 1958Phillips F43
> Mathematical curves 1821Fourier1839Verhulst1846Queteletl 885Galton1913Hazen F434
> Mathematical curves > Cumulative frequency (See: Ogive J1821Fourier F435
> Mathematical curves > Curve of possibility (See: Normal curve }J846Quetelet F437
> Mathematical curves > Logistic curve 1839Verhulst F438
> Mathematical curves > Normal curve 1846Queteletl885Galton F439
> Mathematical curves > Ogive curve 1821Fourief1913Hazen £5

Diagram 1280LlIull, 1305LIull, 1533Gemma-Frisiyd693aHalley1758Mayey 1782Fourcroy
1785Cromel1787Chladnil795Pouchetl 798Senefelded811Humboldt1820sFaraday
1830Faradayl844Minard 1846Lalanngl851Minard 1861Galton1868Levasseui869Zeuner
1873Gibbs1874Walkey 1874Galton1875Lexis 1875Galton 1877Mayr 187 7aMayr
1878Sylvesterl879Perozz01880Venn 1885Lallemand18840cagnel885L evasse i 885Marey
1892Geddesl896Bertillon 1904Maunderl910Peddlg1911Hertzsprungl920Wright
1924Neurath1928Hendersqri928Anderson1933Unknown1957Andersonl967Bertin
1968Bachj1971Bidermanl973Barabbal975Ehrenbergl977Wainer1979Monmonier
1983Riedwy] 1990Tukey 1990Keiding 1991Shneiderman
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> Alignment diagram 18840cagne

> Area diagram 1693aHalley1877Mayt 1885Levasseyd 896Bertillon
> Area diagram > Area rectangle 1693aHalley1896Bertillon

> Butterfly diagram 1904Maunder

> Chladni diagram 1787Chladni

> Colour diagram 1758Mayer

> Correlation diagram 1874Galton1875Galton1979Monmonier

> Glyph 1533Gemma-Frisiyd928Andersonl957Andersonl966Pickett
> Glyph > Circular glyph 1957Anderson

> Glyph > Multivariate rectangular glyph 1928Anderson

> Glyph > Triangular glyph 1533Gemma-Frisiyd966Pickett

> Hertzsprung-Russell diagram 1911Hertzsprung

> International System of Typographic Picture Education (See: Isotype 1924Neurath

1933Unknown
> |sotype 1924Neurath1933Unknown
> Lexis diagram 1875Lexis
> Lexis pencil 1875Lexis 1990Keiding
> Mechanical diagram 1305LIull.
> Nomogram 1795Pouchetl846Lalanng1885Lallemand1928Hendersan
> Nomogram > Multifunction nomogram 1885Lallemand
> Path diagram 1920Wright
> Polar diagram 1877aMayr
> Proportional 1782Fourcroy1851Minard 1877Mayt
> Proportional > Proportional circle 1851Minard
> Proportional > Proportional divided square 1877Mayt
> Rectangle 1977Wainer1983Riedwy] 1991Shneiderman
> Square 1782Fourcroy1785Cromel811Humboldt1874Walkey 1877Mayt
> Square > Superimposed squarel782Fourcroy1785Cromel1811Humboldt
> Stereogram 1869Zeunerl879Perozzo
> Textured dot strip diagram 1990Tukey
> Treemap 1991Shneiderman

> Triangular diagram 1280LIull.
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> Venn diagram 1880Venn
> Zeuner diagram (See: Stereogram)869Zeuner

Graph 950Unknown 13500resmgl450Cusal663Wren 1669Huygensl712Hauksbeel 724Cruquius
1763Bayesl767Lambertl779Lambert1786Playfair 1800Howargd 1800Keith 1801Playfaiy
1811Humboldt1817Humboldt1820sFaradayl 830Faradayl832Herschell833Guerry
1838Berghausl843alalanngl846Queteletl851Minard 1857alS) 1874Walkey 1874Galton
1878Sylvesterl879Perozzol879Cheyssari884Mulhall 1910Unknowin1914Brinton
1916Warne1926Eells 1927Huhn 1958Phillips 1965Tukey 196 7Bertin 1968Bachi 1969Tukey
1971Biderman1973Barabbal974Wainey 1975Cleveland1975Ehrenberdl 981 Tukey
1990Tierney

> Bar chart (See: Bar graph}3500resmgl786Playfaiy 1811Humboldt1833Guerry1879Cheyssan
1914Brinton 1916Warne1926Eells 1927Huhn

> Bar chart > Composite bar chart (See: Ranger bar grapi311Humboldt1926Eells 1927Huhn
> Bar chart > Composite bar graph 1811Humboldt

> Bar chart > Proto-bar 13500resme

> Bar chart > Range bar chart (See: Range bar grapiip26Eells 1927Huhn

> Bar graph 13500resmgl786Playfair 1811Humboldt1833Guerry 1879Cheyssqri914Brinton
1916Warne1926Eells 1927Huhn

> Circle graph 1801Playfaiy 1916Warne

> Graphical perception 1967Bertin 1968Bachi

> Histogram 1846Queteletl874Walker 1965Tukey 1969Tukey 1974Wainer
> Histogram > Bilateral histogram 1874Walker

> Histogram > Hanging histogram 1969Tukey 1974Wainer

> Histogram > Hanging rootogram 1965Tukey 1969Tukey 1974 Wainer

> Layout 1981Tukey1990Tierney

> Layout > Scatterplot matrix 1975Cleveland1981Tukey

> Layout > Trellis display 1990Tierney

> Line chart (See: Line graph }767Lambert1786Playfair 1879Cheyssan
> Line graph 1712Hauksbeel 724Cruquiusl767Lambert1786Playfair 1879Cheyssan
> Line graph > Abstract line graph 1724Cruquius

> Line graph > Literal line graph 1712Hauksbee

> Pictogram (See: Pictograph884Mulhall 1914Brinton

> Pictograph 1884Mulhall 1914Brinton

> Pie chart 1801Playfair 1851Minard

> Pyramid 1879Perozzo
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> Scatter diagram (See: Scatter plot)958Phillips

> Scatter graph (See: Scatter plot}832Herschell958Phillips 1975Cleveland
> Scatter plot 1832Herschell958Phillips 1975Cleveland

> Scattergraph (See: Scatter plot)832Herschell958Phillips 1975Cleveland
> Scatterplot (See: Scatter plot)832Herschell958Phillips 1975Cleveland

> Semi-graph 1779Lambert

> Semigraphic scatterplot 1874Galton

> Time-series graph 1800Keith

Grid 1794Buxtorn 1800Howargd 1832Herschell846Lalannge1863Jevonsl879Jevonsl883Unknown
1885Lallemand1899Galton1913Hazen1930vonFoersted931Martin 1975Ehrenberg

> Grid paper 1794Buxton 1800Howard1832Herschell879Jevonsl883Unknown1899Galton
1913Hazen1930vonFoersted 931 Martin

> Grid paper > Arithmetic probability paper 1883Unknown1913Hazen
> Grid paper > Coordinate paper 1794Buxton 1800Howard

> Grid paper > Log paper (See: Logarithmic paper))883Unknown

> Grid paper > Log-square paper 1899Galton

> Grid paper > Logarithmic paper 1883Unknown1930vonFoerster

> Hexagonal grid 1885Lallemand

> Semilogarithmic grid 1863Jevons

History 170BCparchmentl34BCHipparchuslO5Lun 1375Cresqued453Gutenberg
1530Gemma-Frisiyd545Gemma-Frisiyd663Cardanol572Brahe1657Huygens1710Blon
1727Schulzel753Barbeu-Dubourd 765Priestley1820sFaradayl 830Faradayl 852Unknown
18531S| 18571S| 1857alS) 1868Levasseyd872USCongresd872USCensyd.872Schwabe
1878Marey 1879Cheyssqri884Abbotf 1885Levasseyii9011S| 1910Unknown1910Peddle
1911Roesle1913City; 1913Costellog1914Engineersl915Association1918Cubberly
1920Haskell1924Neurath1930vonFoersted 935Unknown 1937Funkhoused 971Biderman
1973USBudget1 973Barabbal 975Censusl 975Ehrenberdl976USCensyd 977Association
1999Wilkinson

> Calendar 1375Cresques
> Calendar > Perpetual calendar 1375Cresques

> Historical (See: History 1663Cardanol657Huygensl820sFaradayl830Faradayl853I1S| 18571S|
1857alS) 1868Levasseyd872USCongresd872USCensyd872Schwabel878Marey
1879Cheyssar1884Abbotf 1885Levasseyd9011S| 1910Unknown1910Peddlg1911Roesle
1914Engineersl 915Association1920Haskell1924Neurath1973USBudgetl 973Barabba
1975Censusl975Ehrenberdl976USCensyd.977Association1999Wilkinson

> Historical > Historical book 1663Cardangl657Huygensl820sFaradgyl830Faraday
1868Levasseyi878Marey 1879Cheyssqri884Abbotf 1910Unknown1910Peddlg1920Haskell
1973USBudget1 975Censusl976USCensyd.999Wilkinson
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F822

> Historical > Historical committee 1872USCongresd872USCensyd914Engineers
1915Association1973Barabba

F823
> Historical > Historical conference 1853IS| 18571S| 1857alS] 1872Schwahgl911Roesle F825
> Historical > Historical group 1885Levasseyf9011S| 1924Neurath1977Association F8251
> Historical > Historical group > International Statistical Institute 1901ISl F827
> Historical > Historical test 1727Schulzgl975Ehrenberg F83
> Time line (See: Timeline L753Barbeu-Dubourd 765Priestley F84
> Timeline 1753Barbeu-Dubourd 765Priestley 9
Line 1765Lambert1885Galton1913Hazenl1975Ehrenberg FOA
> Line between two points 1885Galton FOK
> Tangent line 1885Galton B
Map 6200BCUnknown550BCMiletus 335BCPeutingerl50Ptolemy1375Cresqued 556 Tartaglia

1569Mercatorl5700rtelius 1603Nautonigrl654Petty 1686aHalley1701Halley 1752Buachge
1778Charpentiell 782Crome1782Carla-Bonifacel 798Senefelded 798Seamari801Smith
1817Humboldt1819Dupin 1830Montizon 1833Guerry1833Scropel836Angeville
1836Parent-Duchatelet837Harnessl838Berghausl 843Lalanngl1843Pritchard1851Minard
1855Snow1857alS]) 1861Galton1869Minard 1872USCensyd.874Vauthier1874Mayrt
1879Cheyssqari885Lallemand1888Cheyssqril960sFisherl982Monmonier1989Wills,
1996Dykes FB1
> Atlas 335BCPeutingerl375Cresqued5700rtelius1838Berghaus FB3
> Projection 150Ptolemy1569Mercator FB32
> Projection > Cylindrical projection 1569Mercator FB4
> Scope 550BCMiletus 335BCPeutingerl375Cresqued 603Nautonierl654Petty 1686aHalley
1752Buachgl782Crome1833Scropel837Harnessl843Pritchard1874Mayr 1982Monmonier FBA41
> Scope> Continent 1782Crome FB42
> Scope> Country 335BCPeutingerl837Harnessl874Mayr 1982Monmonier FB44
> Scope> Town 6200BCUnknown FB45
> Scope> World 550BCMiletus 1375Cresqued603Nautonierl686aHalley1752Buachge
1833Scropel843Pritchard FB5
> Thematic map 1375Cresqued603Nautonierl701Halley 1752Buachgl782Crome
1782Carla-Bonifacel 798Seamari801Smith 1817Humboldt1819Dupin 1830Montizon
1833Guerry1833Scropgl836Parent-Duchatelet837Harnessl843Lalanng1855Snow1857alS)
1861Galton1869Minard 1872USCensyd.874Vauthier1874Mayt 1879Cheyssari888Cheyssagn
1960sFisherl982Monmonier FB51
> Thematic map > Anamorphic map 1888Cheyssan FB52

> Thematic map > Chloropleth 1798Seamari819Dupin 1833Guerry1857alS) 1872USCensys
1960sFisher
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> Thematic map > Chloropleth > Cartogram 1819Dupin 1857alS) 1872USCensus
> Thematic map > Dasymetric map 1833Scrope

> Thematic map > Dot map 1830Montizon 1855Snow

> Thematic map > Flow map 1837Harnessl869Minard 1879Cheyssan

> Thematic map > Isarithmic map 1701Halley 1752Buachgl817Humboldt1843Lalanng
1874Vauthier

> Thematic map > Isarithmic map > Contour map (See: Isograph}701Halley 1752Buachg
1843Lalanngl874Vauthier

> Thematic map > Isarithmic map > Isogram (See: Isograph}701Halley 1752Buachg
1843Lalanngl874Vauthier

> Thematic map > Isarithmic map > Isograph 1701Halley 1752Buachgl817Humboldt
1843Lalanngl874Vauthier

> Thematic map > Isarithmic map > Isopleth 1817Humboldt1874Vauthier
> Thematic map > Proportional Symbol 1861Galton

> Thematic map > Two-variable map 1874Mayr

> Thematic map > Visibility base map 1982Monmonier

Mathematics 240BCEratosthene$533Gemma-Frisiyd550Rheticus1663Cardanol600sUnknown
1614Napier1617Snell 1620Gunter1632Galilej 1637Fermatl654Pascall657Huygens
1669Huygens1687Petty1693aHalley1711Arbuthnot1741Sussmilchl 748 Achenwall
1750Mayer 1763Bayes1765Lambert1776Monge1809Gaussl825Gompertzl846Lalanne
1875Galton1878Sylvesterl8840cagnel885Galton1913Moseley1915Fisher1944Harmon
1965Tukey 1969Tukey 1969Fowlkes1974USCensyd979Monmonierl985Asimov

> Atomic number 1913Moseley

> Geometry 240BCEratosthene&637Fermatl776Monge18840cagne
> Geometry > Analytic Geometry 1637Fermat

> Geometry > Descriptive Geometry 240BCEratosthene&776Monge
> Matrix 1878Sylvesterl974USCensus

> Statistics 1533Gemma-Frisiyd663Cardanol600sUnknownl1614Napier1617Snell 1620Gunter
1632Galilej 1654Pascall657Huygensl669Huygensl687Petty1693aHalley 1711 Arbuthnaot

1741Sussmilchl748Achenwall1750Mayey 1763Bayesl765Lambert1809Gaussl825Gompertz

1846Lalanngl1875Galton1877Bowditch 1885Galton 1915Fisher1944Harmon1965Tukey
1969Tukey 1969Fowlkes1979Monmonierl985Asimov

> Statistics > Quantitative statistics 1663Cardangl614Napief1620Gunterl654Pascal

1657Huygensl1669Huygens1693aHalley1711Arbuthnot1750Mayey 1765Lambert1809Gauss

1825Gompertz1846Lalanngl875Galton 1877Bowditch 1885Galton 1915Fisher1969Fowlkes
1975Cleveland

> Statistics > Quantitative statistics > Beta density 1763Bayes
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> Statistics > Quantitative statistics > Correlation 1663Cardangl875Galton1877Bowditch
1885Galton

> Statistics > Quantitative statistics > Least squares 1809Gauss

> Statistics > Quantitative statistics > Logarithm 1614Napier1620Gunterl846Lalanne
> Statistics > Quantitative statistics > Mean 1975Cleveland

> Statistics > Quantitative statistics > Measurement error 1750Mayey1765Lambert

> Statistics > Quantitative statistics > Median 1669Huygens1975Cleveland

> Statistics > Quantitative statistics > Midmean 1975Cleveland

> Statistics > Quantitative statistics > Probability 1654Pascall657Huygensl693aHalley
1825Gompertz1969Fowlkes

> Statistics > Quantitative statistics > Sampling distribution 1711Arbuthnot1915Fisher
> Statistics > Quantitative statistics > Statistical significance 1711Arbuthnot

> Statistics > Statistical Methods 1533Gemma-Frisiyd617Snell 1632Galilej 1877Bowditch

1885Galton1915Fisher1944Harmon1965Tukey 1969Tukey 1979Monmonierl985Asimov

> Statistics > Statistical Methods > Analysis of variance 1915Fisher

> Statistics > Statistical Methods > Correlation 1979Monmonier

> Statistics > Statistical Methods > Exploratory data analysis 1965Tukey 1969Tukey
> Statistics > Statistical Methods > Factor analysis 1944Harmon

> Statistics > Statistical Methods > Interpolation 1985Asimov

> Statistics > Statistical Methods > Regression 1877Bowditch 1885Galton

> Statistics > Statistical Methods > Triangulation 1533Gemma-Frisiyd617Snell

> Trigonometry 1550Rheticusl846Lalanne

Pattern 1787Chladni

> Vibration pattern 1787Chladni

Perspective 1752Euley 1884Abbotf 18851 evasseuf 981Furnas1985Asimoy 1989Mihalisin
1990Keiding 1991Shneidermari994Rao

> Fisheye view 1981Furnas

> Nested dimension1989Mihalisin 1991Shneiderman

> Table lens 1994Rao

> Three-dimension 1752Euley 1884Abbott 1885Levasseii990Keiding

> Two-dimension 1985Asimov

Plot 1686Halley 1844Minard 1846Lalannel874Walkey 1877aMayy 1879Cheyssari8840cagne
1911Hertzsprundl969Tukey 1975Chernoff1975Ehrenberdl981Tukey 1987Becker1988Buja

1989Mihalisin 1990Wegmanl991Friendly
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> Bivariate plot 1686Halley

> Chernoff face (See: Face plot}973Chernoff1975Chernoff

> Conditional plot 1981Tukey

> Coplot 1981Tukey

> Face plot 1973Chernoff1975Chernoff

> Fourier function plot 1972Andrews

> Frequency polygon 1874Walker

> Irregular polygon (See: Star plot 1971Siegel

> Log-log plot 1846Lalanngl911Hertzsprung

> Logarithmic plot (See: Log-log plot 1846Lalanng1911Hertzsprung

> Mosaic display (See: Mosaic plot 1844Minard 1874Walkey 1879Cheyssqri989Mihalisin
1991Friendly

> Mosaic plot 1844Minard 1874Walker 1879Cheyssari989Mihalisin 1991Friendly
> Parallel coordinates plot 18840cagngl990Wegman

> Star plot 1877aMayy1971Siegel

> Stem-leaf plot 1767Lambert1969Tukey

> Trellis display 1981Tukey 1989Mihalisin

Table 1450Cusal550Rheticus1600sUnknownl1603Nautonierl614Napier1662Graunt1666Talon
1669Huygens1671Witt, 1686Halley 1693Halley 1760Lambert1765Lambertl779Lambert
1795Pouchetl822Babbagel 828Queteletl 833aGuerryl836Parent-Duchatelet838Berghaus
1843Lalannel1869Mendeleevi913Moseley1930vonFoerstel975Fienbergl975Ehrenberg
1977Wainey1983Riedwy) 1994Ra1996Dykes

> 2 x 2 table 1975Fienbergl977Wainer

> Contingency table 1983Riedwyl

> Empirical data table 1600sUnknown

> Logarithmic table 1614Napier

> Mathematical table 1822Babbage

> Multiplication table 1795Pouchet

> Periodic table 1869Mendeleev1913Moseley

> Trigonometric table 1550Rheticus

> Bivariate data 1450Cusal686Halley 1796Watt 1896Bertillon 1975Fienbergl979Monmonier
> Categorical data 1983Riedwy] 1991Friendly 1992Friendly

> Empirical data 1600sUnknownl1686Halley 1760Lambertl767Lambert1828Quetelet
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> Multivariate data 1928Anderson1957Andersonl966Pickett1969Barnard1971Siegel
1972Andrews1973Chernoff1985Asimoy 1985Inselbergl987Becker1988Buja 1989Mihalisin
1990Hurley 1990Keiding 1990Wegman

> Ordinal data 1833aGuerry
> Time series data 1450Cusal836Parent-Duchatelet988Unwin

Visual 1626Scheinerl644Langrenl1710Blon 1752Euley1758Mayey1787Chladnil843Lalanne
1861Maxwel|] 1869Zeunerl874Mayt 1879Perozzpl919Ayres 1960sFisherl974USCensys
1974Fishkeller1978Newton1982McDonalgd 1982Monmonier1983Tufte 1985Asimoy
1987Becker1988Buja 1988Unwin 1989Wills 1989Mihalisin 1990Tierney1990Hurley
1991Friendly 1991Swayngl994Rao0

> Colour 1710Blon 1758Mayey 1819Dupin 1861Maxwel] 1874Mayr 1974USCensy4981Furnas
> Colour > Black and white 1819Dupin

> Colour > Colour 1758Mayey1874Mayt 1974USCensyd981Furnas

> Colour > Trichromatic process 1710Blon 1861 Maxwell

> Display 1626Scheinerl919Ayres1981Tukey 1983Tufte

> Display > Data-ink ratio 1983Tufte

> Display > Lie Factor 1983Tufte

> Display > Semi-graphic display 1919Ayres

> Display > Small multiples 1626Scheiner

> Dynamic 1962Kruskal1990Tierney

> Interactive 1969Fowlkes1974Fishkeller1978Newton1982McDonald1987Becker1988Buja
1988Unwin 1989Wills, 1990Hurley 1991Swayngl994Rao0

> Interactive > Brushing 1978Newton1982McDonald1987Becker1988Buja
> Interactive > Linking 1978Newton1987Becker1988Buja

> Orientation 1752Euley1758Mayer 1843Lalanngl869Zeunerl879Perozzol974Fishkeller
1982McDonald1982Monmonier1985Asimoy 1989Mihalisin

> Orientation > 1-D 1982Monmonier
> Orientation > 2-D 1758Mayey 1985Asimoy 1991Friendly

> Orientation > 3-D 1752Euley1758Mayer 1843Lalannel1869Zeunerl879Perozzal974Fishkeller
1982McDonald
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