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Two paintings on silk depicting Dejima
Island, aview from the Bay (top), a view
from Nagasaki (bottom), circa 1860.
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I ntroduction

THE world is complex, dynamic, multidimensional; the paper is static,
flat. How are we to represent the rich visual world of experience and
measurement on mere flatland?

This book celebrates escapes from flatland, rendering several hundred
superb displays of complex data. Revealed here are design strategies for
enhancingthedimensionalityanddensity of portrayal sof information-
techniques exemplified in maps, the manuscripts of Gdileo, timetables,
notation describing dance movements, aerial photographs, the Vietnam
Veterans Memorial, electrocardiograms, drawings of Calder and Klee,
computer visualizations, and a textbook of Euclid's geometry.

Our investigation yields general principles that have specific visua
consequences, governing the design, editing, analysis, and critique of
data representations. These principles help to identify and to explain
design excellence - why some displays are better than others.

Charts, diagrams, graphs, tables, guides, instructions, directories, and
maps comprise an enormous accumulation of material. Once described
by Philip Morrison as "cognitive art," it embodies tens of trillions of
images created and multiplied the world over every year. Despite the
beauty and utility of the best work, design of information has engaged
little critical or aesthetic notice: there is no Museum of Cognitive Art.
This book could serve as apartial catalog for such a collection. Like my
previous study, The Visual Display of QuantitativeInformation, which
derives theoretical counsdl from the classics of statistical graphics, this
book arrays exemplary designs - this time over a broader spectrum, for
al types of information.

To envison information - and what bright and splendid visions can
result - is to work at the intersection of image, word, number, art.
The instruments are those of writing and typography, of managing
large datasetsand statistical analysis, of line and layout and color.
And the standards of quality are those derived from visua principles
that tell us how to put the right mark in the right place.
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Finaly, in reading the words and drawings, note that:

Many of the illustrations have been edited and redrawn (as indicated

in the citations) in order to repair battered originals, to make new color
separations, and to improve the design. Primary sources - the themes for
my variations - are always noted.

The illustrations repay careful study. They are treasures, complex and
witty, rich with meaning. The text, | do hope, is of similar character,
with every word meant to count; al in al, the reader should proceed
most dowly through these bountiful and condensed pages.

The principles of information design are universa - like mathematics -
and are not tied to unique features of a particular language or culture.
Consequently, our examples are widely distributed in space and time:
illustrations comefrom 17 countries and 7 centuries, and, for that matter,
3 planetsand 1 star.
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1 Escaping Flatland

EV EN though we navigate daily through a perceptual world of three
spatial dimensions and reason occasionally about higher dimensional
arenas with mathematical ease, the world portrayed on our informa-
tion displays is caught up in the two-dimensionality of the endless

flatlands of paper and video screen.* All communication between the ! The idea of "flatland" is based on the
readers of an image and the makers of an image must now take place dassic by A. Square [Edwin A. Abbott],

. . . . . . Flatland: A Romance of Many Dimensions
on a two-dimensional surface. Escaping this flatland is the essential task (London, 1884). A recent statement from

ofenvisioning information— for all the interesting worlds (physical, biological, an artist's viewpoint (How can modemo
imaginary, human) that we seek to understand are inevitably and happily Egﬂgg’iﬁbsﬁ'&gf;’mescfk“? ﬁ;g;:gg 2
multivariate in nature. Not flatlands. (Cambridge, 1986).
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THIS chapter outlines avariety of design strategies that sharpen

the information resolution, the resolving power, of paper and video
screen. In particular, these methods work to increase (1) the number
of dimensions that can be represented on plane surfaces and (2) the
data density (amount of information per unit area).

IN thisJapanese travel guide, an engaging hybrid of design technique,
the abrupt shift from friendly perspective to hard flatland shows the
loss suffered by giving in to the arbitrary data-compression of paper
surfaces. A bird's-eye view with detailed perspective describes local
areas near the architecturally renowned Ise Shrine; then, on the right
margin, avery flat map delineates the national railroad system linking
the shrine to major cities, somewhat compensating for loss of avisua
dimension with a broad overview. A change in design accommodates
a change in the scale of the map, and loca detail is shown in nationa

context, a mixed landscape of refuge and overview. The horizontal Guidefor Visitorsto Ise Shrine(Ise, Japan;

; ; ; ; ; ; no date; published between October 1948
layout combines harmoniously with thg vert|cql orientation of the and April 1954, according to The Library,
language, so that the stand-up labels point precisely to each location. Ise Shrine, Mie Prefecture).
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14 ENVISIONING INFORMATION

Mary C. Dickerson, The FrogBook: North

American Toads and Frogs, with a Sudy of the
Habits and Life Histories ofthose of the North-
eastern Sates (New York, 1906), pp. 74-75.

2 John White, TheBirth and Rebirth of Pic-
torial Space (London, 1957); and Lawrence
Wright, Per spectiveinPer spective(L ondon,
1983). See dso the remarkable book by

. . . KimVeltman, Linear Perspectiveandthe
When the toad (Bufo americanus Le Conte) sheds its skin upon the Visual Dimensions of &iensfe and At Sudies
occasion of a quarterly moulting, the suit leaves life's spaceland and onLeonardo da Vinci | (Minchen, 1986).

collapses into flatland, not unlike our information displays.

3 Redrawn from Emil v. Zmaczynski,
"Periodic System of the Elements in a New
Form,"Journal of Chemical Education, 12
(1935), 265-267; Frank Austin Gooch and
Claude Frederic Walker, Outline ofInorganic
Chemistry, // (London, 1905), pp. 8-9; and
Andreas von Antropoff, "Eine neue Form
des periodischen Systems der Elemente,
"Zeitschriftfir Angewandte Chemie, 39 (1926),

: B = S
‘\\ \/ /) 722-728; Edward Mazurs, Types of Graphic
L ﬁ\ (T'—'M7 > e Representation of the Periodic System of Chem-
Sl e o &//Z\// ical Elements(LaGrange, lllinais, 1957).
G e
All sorts of techniques for doing better than flattened-out toad sits At
have evolved during some 500 years of information design.? Since the T B
. . 3 ) b i libe Ils/‘
15th-century Italian Renaissance, when Florentine architects perfected ’
the necessary geometry, conventional perspective drawing has enriched / :
representations of physical objects. And, for more abstract multivariate v
information not residing in our three-space reality, severa enterprising
methods have evolved— nearly silently, often to be found in workaday v b e
diagrams of those confronted with an overwhelming quantity of data. B e
A few such techniques are well documented; for example, the elaborate -
structuring of the periodic table of chemical elements® (with several e ot
Co. g % Si~P__S& 2
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hundred arrangements proposed to capture the assorted complexities).
Some recently perfected statistical graphics, self-conscioudy multi-
variate, enrich flatland with the dynamics of rotating point clouds on

)

computer screens—amarvel, although navigation in three-dimensiona

scatterplotsis not a trivial matter.* Another approach, here on the right,
dices and projects data from many angles onto six of the twelve surfaces

of a pentagonal dodecahedron (only six faces are needed, since opposite
parallel faces show identical views).

Nearly every escape from flatland demands extensive compromise,
trading off one virtue against another; the literature consists of partial,
arbitrary, and particularistic solutions; and neither clever idiosyncratic
nor conventionally adopted designs solve the inherent general difficul-
ties of dimensional compression. Even our language, like our paper,
often lacks immediate capacity to communicate a sense of dimensional
complexity. Paul Klee wrote to this point:

It is not easy to arrive at a conception of awhole which is constructed from
parts belonging to different dimensions. And not only nature, but aso art, her
transformed image, is such a whole.

It is difficult enough, onesdlf, to survey this whole, whether nature or art, but
ill more difficult to help another to such a comprehensive view.

Thisis due to the consecutive nature of the only methods available to us for
conveying a clear three-dimensional concept of an image in space, and results
from deficiencies of a temporal nature in the spoken word.

For, with such a medium of expression, we lack the means of discussing in
its congtituent parts, an image which possesses simultaneously a number of
dimensions”®

And perspective projection is a smple extension of a two-surface,
made unmistakable by everyday experience in three-space itsdlf. Yet
much of our data—andnature'spattern— havefar greater complexity.
What, then, are general strategies for extending the dimensiona and
informational reach of display flatlands? And what specific techniques
effectively document and envision multivariate worlds? Why are some
performances better than others?

To begin, a series of splendid examples.
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* Andrew W. Donoho, David L. Donoho,
Miriam Gasko, MACSPIN Graphical Data
Analysis Software (Austin, Texas, 1985),
illustration at p. 35 (redrawn); and the
important 1974 paper by Mary Anne Fish-
erkeller, Jerome H. Friedman, and John W.
Tukey, "prim-9: An Interactive Mul-
tidimensional DataDisplay and Analysis
System," in William S. Cleveland, ed., The
Collected Works of John W. Tukey, Volume V,

Graphics. 1965-1985 (Pacific Grove, Cdifornia,

1988), 308-327. For a report of some diffi-
culties, see Peter J. Huber, "Experiences
with Three-Dimensional Scatterplots,”
Journal of the American Statistical Association,
82 (June 1987), 448-453.

A

Showing the oft-plotted Anderson data

for Irissetosa « , Irisversicolor «, andlIris
virginica ¢ , redrawn from Paul A. Tukey
and John W. Tukey, "Preparation; Pre-
chosen Sequences of Views," in V. Barnett,
ed., Interpreting Multivariate Data (New
York, 1981), pp. 205-206.

5 Paul Klee, On Modern Art (London, 1948),
p. 15, transl ated by Paul Findlay from Uber
diemoderneKunst (Bern, 1945). Recent
computer adventures seek to give dimen-
sionality and nonlinearity to text. SeeE. J.
Conklin, "Hypertext: An Introduction and
Survey," Computer (September 1987), 17-41.
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C

So all their angles there 10yned toge-
ther,make a folide angle. And for the better fight thereof, I haue fet
here a figure wherby ye fhall more eafily conceiue it, the bafe of the
figure is a triangle,namely,A B C.if on euery fide of the triangle AB
Cyerayfe vp atriangle,as vpon the fide A B,ye raife vp the triangle
A F B,and vpon the fide A C the triangle A F C, and vpon the fide B
C,the triangle B F C,and fo bowing the triangles raifed vp,that their
toppes,namely the pointes F meete and ioyne together in one point,
yethal eafily and plainly fee how thefe three fuperficiall angles A F B
e R : B F C,CF A,ioyne and clofe together, touching the one the otherin
A B the point F,and fo make a folide angle.

DIRECT methodsfor the display of three dimensionsinclude making Euclid, The Elements of Geometrie(London
models, asin this 1570 edition of Euclid's Elements, where little paper 1570), with preface by John Dee, English

constructions teach solid geometry. Models pleasi esen translation by Henry Billingsley, fol. 314.
9 y pleasngly repr tthe A fine guide to various extra-dimensional

smooth surfaces of three-space, asin architectural miniatures and math- elaborations in book design is Gay Walker,
ematical solids; more obstreperous statistical data however, cal for Eccentric Books (New Haven: Yale Univer-
computer analysis of data point clouds. sity Library, 1988).

Narratives of the universe were impressively cranked up in orreries, William Pearson, "Planetary Machines,"
s mulati ons of our golar system (as known in 1800)., with planets anq iS rﬁf;gﬂg%ﬁ%&;%ﬁ%eﬁé or,
their satellites rotating and orbiting. Although a triumph of gear ratios, Literature, Plates, Vol.IV (London, 1820),

the machines did commit agrave sin of information design — Pridefully plateX1; and Henry C. King withJohn R.
Millburn, Gearedto the Sars: TheEvolution

Obvious Presentation— by directing attention more toward miraculous  tpjanetariums, Orreries, and Astronomical
contraptionary display than to planetary motion. Clocks (Toronto, 1978).

¢
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Particularly intriguing are stereo illustrations, which deliver vivid
three-dimensional scenes by means of paired images (one for each eye),
which are then fused mentally by viewers. Aerial landscapes, molecular
structures, and other worldly objects are commonly portrayed; repre-
sentations of more abstract and ragged quantitative data are rarely seen.
Many viewers must struggle (and some fail) to fuse the images; even
experienced eyes may require several minutes of vacant staring before
obtaining the splendid stereo view.® Recent work on computer visual-
izations, stereo images, holograms, and so on hint at an increasing depth
and pace to analytic displays, perhaps eventually without al the para-
phernalia accompanying current methods.”
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Color stereopair of Bonaduz, Canton

of Grisons, Switzerland, October, 1975,
photographs taken with Wild Leitz aerial
cameraRCIO. Scale about 1:11,000.

® Stereoscopic viewerswill assist in obtain-
ing three-dimensional images. The effects

can be seen without optical devicesby some,
however. The views here are arranged for

the wide-eyed or pie-eyed method of viewing
stereograms; those using thepopular cross-
eyed method will see sunken mountains and
raised rivers. See Thomas Avery and Graydon
Berlin, Interpretation ofAerial Photographs
(Minneapolis, 4th edition, 1985), pp. 25-90.

" Promising resultsare D. B. Carr, W. L.
Nicholson, R. J. Littlefield, and D. L. Hall,
"Interactive Color Display Methods for
Multivariate Data," and K. R. Gabriel and
C. L. Odoroff, "lllustrations of Model Diag-
nosis by Means of Three-Dimensiona Bi-
plots," in Edward J. Wegman and Douglas
J. DePriest, Statistical Image Processing and
Graphics (New Y ork, 1986), 215-250, 258-
274; Thomas V. Papathomas, James A.
Schiavone, and BelaJulesz, "Stereo Ani-
mation for Very Large Data Bases" Com-
puter Graphicsand Applications(September,
1987), 18-27; and William S. Cleveland and
Marylyn E. McGill, eds., Dynamic Graphics
for Satistics(Belmont, California, 1988).
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SUNSPOT Swereexaminedindetail by telescopeintheearly 1600s,
after some 200 years of repeated viewing by unaided eyesin Athens,
China, Japan, and Russia. It wasdifficult for Europeansto see sunspots
at al because Aristotle had said that celestial bodies were perfect and
without blemish, afancy which became official church doctrine in the
middle ages® Then, in 1610-1612, Galileo and others made detailed
tel escopi ¢ observations of sunspots.

Galileo marked spots directly onto paper flatland, maintaining the
proper image plane while drawing alarge diagram of a spotted sun:

The method is this: Direct the telescope upon the sun as if you were going to
observe that body. Having focused and steadied it, expose aflat white sheet of
paper about afoot from the concave lens; upon this will fall acircular image
of the sun's disk, with al spots that are on it arranged with exactly the same
symmetry as in the sun. The more the paper is moved away from the tube, the
larger this image will become, and the better the spots will be depicted. Thus
they will dl be seen without damage to the eye, even the smdlest of them—
which, when observed through the telescope, can scarcely be perceived, and
only with fatigue and injury to the eyes.

G-’ug~'D.27

In order to picture them accurately, | first describe on the paper acircle of the sze
that best suits me, and then by moving the paper towards or away from the tube

| find the exact place where the image of the sun is enlarged to the measure of the
circle | have drawn. This also serves me as anorm and rule for getting the plane of
the paper right, so that it will not be tilted to the luminous cone of sunlight that
emerges from the telescope. For if the paper is oblique, the section will be oval and
not circular, and therefore will not perfectly fit the circumference drawn on the
paper. By tilting the paper the proper position is easily found, and then with a pen
one may mark out spotsin their right sizes, shapes, and positions. But one must
work dextrously, following the movement of the sun and frequently moving the
telescope, which must be kept directly on the sun.®

8 George Sarton, "Early Observations of the
Sunspots,” Isis, 37 (May 1947), 69-71; for the
full history, D. Justin Schove, ed., Sunspot
Cycles(Stroudsburg, Pennsylvania, 1983).

IS TORLA
E DIMOSTRAZIONI

INTORNO ALLE MACCHIE SOLARI
E LORO ACCIDENTI
COMPRESE IN TRE LETTERE SCRITTE
ALL'ILLVSTRISSIMO SIGNOR
MARCO VELSERI LINCEO

DVVMVIRO D'AVGVSTA
CONSIGLIERO DI SVA MAESTA CESAREA

DAL SIGNOR

GALILEO GALILEI LINCEO
Nobil Fiorentino, Filofofore Matematics Primario del Serenifs.
D.COSIMO 11. GRAN DVCA DI TOSCAN A.
Si aggiungono nel fine le Lettere, ¢ Difquifizioni del finto Apellc.

IN ROMA, Apprefio Giacomo Mafcardi. MDCXIIL
CON LICENZA DE SVPERIORI.

® Gdlileo Galild, History and Demonstrations
Concerning Sunspots and Their Phenomena
(Rome, 1613), translated by Stillman Drake,
Discoveries and Opinions of Galileo (Garden
City, New York, 1957), pp. 115-116.
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As more observations were collected daily, small multiple diagrams
recorded the data indexed on time (a design simultaneoudly enhancing
dimensionality and information densityO, with the labeled sunspots
parading along al phabetically. This profoundly multivariate analysis —
showing sunspot location in two-space, time, labels, and shifting relative
orientation of the sun in our sky—reflectsdata complexities that arise
because arotating sun is observed from a rotating and orbiting earth:

a L‘,horizpn,ub c,m'cus_/éli: diurnus. Soloriens ex Fayt’e_a,maculas eschibet quas w‘Ju,
occidens vero c, easdem rafione primi mofius, nonnihil inucr6t.E¢ hanc mafufinam Vespertuamg,

muiadionem, omnes macule quofidie fubeunt.Quod femel exhibuffe ef momuiffe, fufficiat

For some astronomers, particularly those seeking to reconcile data
with doctrine, it was unclear just where sunspots were located. Surely
not on the surface of that perfect sphere; perhaps satellites orbited the
sun, or even planetswere in transit across the sun'sface— specul ations
soon demolished by Gdileo. Through an elegant chain of visual reason-
ing and with characteristic sardonic bluntness, Galileo, writing from
Florence in August 1612, converts empirical observation into focused
evidence supporting conclusions. His argument unfolds the raw data
("what the eye of the forehead" registers) into aluminous explanation
of mechanism (“what the eye of the mind" envisions),”® a deeply visual
logic that produced precise insights far beyond those achieved by others
who had also observed sunspotsintheearly 1600s. Indeed, "itwasmore
than 150 years before any important addition was made'™ to Galileo's
results, asreportedin 1613:

| therefore repeat and more positively confirm to Y our Excellency that the dark
spots seen in the solar disk by means of the telescope are not at al distant from its
surface, but are either contiguous to it or separated by an interval so smdl as to be
quite imperceptible. Nor are they stars or other permanent bodies, but some are

ESCAPING FLATLAND 19

Illustrations from Christopher Scheiner
(writing under the pseudonym "Apelles’),
De Maculis Solaribus (Rome, 1613), pp. 14-
15; and his Rosa Ursina sive Sol (Bracciani,
1626-1630), p. 63. On the dispute between
Gdlileo and Scheiner concerning sunspots,
see William Shea, Galileo's Intellectual
Revolution (New Y ork, 1972), pp. 48-74.

10 The persistent relationship between
artistic capacity for visualization and ex-
traordinary scientific achievement isde-
scribed in Robert Scott Root-Bernstein,
"Visual Thinking: The Art of Imagining
Redlity," TransactionsoftheAmericanPhilo-
sophical Society, 75 (1985), 50-67. For further
evidence about Galileo, see Erwin Panofsky,
Galileo as a Critic ofthe Arts (The Hague,
1954), p. 5 An excdlent draughtsman,
Gdlileo loved and understood ‘with perfect
taste' dl the ‘arts subordinated to design' . . .
he was originaly inclined to study painting
rather than mathematics, and one of his
most intimate and faithful friendswasthe
outstanding painter of their native Florence,
Ludovico Cigoli."

' R.J. Bray and R. E. Loughhead, Sunspots
(London, 1964), p. 2. Gdileo's analysis at-
tained special longevity because of itsin-
sght and dso the nearly complete absence
of observable sunspotsfrom 1645 until 1715!
John A. Eddy, "The Maunder Minimum,”
Science, 192 (June 18, 1976), 1189-1202.
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aways being produced and others dissolved. They vary in duration from one or
two days to thirty or forty. For the most part they are of most irregular shape, and
their shapes continually change, some quickly and violently, others more sowly
and moderately.

They dso vary in darkness, appearing sometimes to condense and sometimes to
spread out and rarefy. In addition to changing shape, some of them divide into
three or four, and often severd unite into one; this happens less at the edge of the
sun's disk than in its central parts. Besides dl these disordered movements they
have in common a general uniform motion across the face of the sun in parallel
lines. From specia characteristics of this motion one may learn that the sun is
absolutely spherical, that it rotates from west to east around its own center, carries
the spots dong with it in paralle circles, and completes an entire revolution in
about one lunar month. Also worth noting is the fact that the spots aways fall

in one zone of the solar body, lying between the two circles which bound the
declinations of the planets - that is, they fall within 28° or 29° of the sun's equator.

The different densities and degrees of darkness of the spots, their changes of shape,
and their collecting and separating are evident directly to our sight, without any
need of reasoning, as aglance at the diagrams which | am enclosing will show. But
that the spots are contiguous to the sun and are carried around by its rotation can
only be deduced and concluded by reasoning from certain particular events which
our observations yield.

First, to see twenty or thirty spots at a time move with one common movement is
a strong reason for believing that eech does not go wandering about by itsdf, in the
manner of the planets going around the sun. . . . To begin with, the spots at their
first appearance and final disappearance near the edges of the sun generally seem to
have very little breadth, but to have the same length that they show in the centra
parts of the sun's disk. Those who understand what is meant by foreshortening on
aspherical surface will see thisto be a manifest argument that the sun is aglobe,
that the spots are close to its surface, and that asthey are carried on that surface
toward the center they will always grow in breadth while preserving the same
length. . . . this maximum thinning, it is clear, takes place at the point of greatest
foreshortening....

| have since been much impressed by the courtesy of nature, which thousands of
years ago arranged a means by which we might come to notice these spots, and
through them to discover things of greater consequence. For without any instru-
ments, from any little hole through which sunlight passes, there emerges an image
of the sun with its spots, and at a distance this becomes stamped upon any surface
opposite the hole. It is true that these spots are not nearly as sharp as those seen
through the telescope, but the majority of them may nevertheless be seen. Ifin
church some day Y our Excellency sees the light of the sun faling upon the pave-
ment at a distance from some broken window pane, you may catch this light upon
aflat white sheet of paper, and there you will perceive the spots. | might add that
nature has been so kind that for our instruction she has sometimes marked the sun
with a spot so large and dark as to be seen merely by the naked eye, though the
false and inveterate idea that the heavenly bodies are devoid of dl mutation or a-
teration has made people believe that such a spot was the planet Mercury coming
between us and the sun, to the disgrace of past astronomers.*?

12 Gdlileo Gelilé, History and Demonstrations
Concerning Sunspots and Their Phenomena
(Rome, 1613), translated by Stillman Drake,
Discoveries and Opinions of Galileo (Garden
City, New Y ork, 1957), pp. 106-107, 116-
117. Gdlileo had been through al this once
beforewhen hefirst saw craterson the
moon, another supposedly perfect celestial
sphere. One of Gdileo's opponents, "who
admitted the surface of the moon looked
rugged, maintained that it was actualy
quite smooth and spherica as Aristotle had
said, reconciling the two ideas by saying
that the moon was covered with a smooth
transparent material through which moun-
tainsand cratersinsideit could be discerned.
Galileo, sarcastically applauding theingenu-
ity of this contribution, offered to accept it
gladly — provided that his opponent would
do him the equal courtesy of alowing him
then to assert that the moon was even more
rugged than he had thought before, its sur-
face being covered with mountains and
craters of this invisible substance ten times
ashigh asany he had seen. At Pisathe
leading philosopher had refused even to look
through the telescope; when he died afew
monthsafterward, Galileo expressedthe
hope that since he had neglected to look at
the new celestial objectswhile on earth, he
would now see them on hisway to hea
ven." Stillman Drake, "Introduction: Sec-
ond Part," Discoveries and Opinions of Galileo
(Garden City, New York, 1957), p. 73.



With continuing observation, indexing each image afresh grew
cumbersome. Christopher Schemer's Rosa Ursina sive Sol, completed
in 1630, arrays the apparent path of spots across a stationary disk,

IMAGO SOLIS LXVL 32

1LV, Imaso Ob;
ferua{ion!j 5

Iu“j, 1626.

In Co”c';&io
So’:cie

Ianuarij,le?.

Axis annuus Fixus.

an ingenious method for tracking smple sunspot structures but tending
tojumble up complex data. Symbols of Scheiner's patron and religious
order decorate those areas without spots in a hundred such diagrams, a

reminder of Jonathan Swift'sindictment of 17th-century cartographers
who substituted embellishment for data:

With savage pictures fill their gaps,
And o'er unhabitable downs,
Place elephantsfor want of towns

These symbols, similar to a modern trademark or logotype, may have
served as a sed of validation for the readers of 1630. Today they appear
somewhat strident, contradicting nature's rich pattern.
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Christopher Scheiner, Rosa Ursinasive Sol
(Bracciani, 1626-1630), pp. 317,325, 333,
and 339.
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Y ears and years of daily mapping led to this superb visualization,
sunspot distribution in latitude, recorded for long time periods. The
sunspot's two areal dimensions are reduced to one content-relevant
dimension, as the immense quantity of data provoked design mastery.
EW. Maunder's 1904 butterfly diagram aggregates the micro-detail of
individual observationsinto amacro-view, portraying adistributional
cycle of sunspots moving from the center of each hemisphere toward
the equator, as Galileo had noted.™® Only an interval + 40° sun latitude
is plotted, for little activity is seen in more extreme latitudes:

13 E. W. Maunder, "Notes on the Distribu-
tion of Sun-spots in Heliographic Latitude,
1874t01902," Royal Astronomical Society
Monthly Notices, 64 (1904), 747-761. The
data compression here consists of taking
only the vertical dimension of the sunspot,
measured in degrees latitude.
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The fine detail of this sunspot diagram merges into a repeated typical
pattern; and, as the data march along over time, the foremost result isa
visual measure of variation around that average. M easured assessments of
variability are at the heart of quantitative reasoning. R. A. Fisher, the
founder of modern statistics, wrotein 1925:

The populations which are the object of statistical study always display variation in
one or more respects. To speak of statistics as the study of variation also serves to
emphasize the contrast between the aims of modern statisticians and those of their
predecessors. For until comparatively recent times, the vast majority of workersin
this field appear to have had no other aim than to ascertain aggregate, or average,
values. The variation itself was not an object of study, but was recognized rather as
a troublesome circumstance which detracted from the value of the average. The



Sun Latitude

1.0%

0.1%

Percent of area of sun

covered

error curve of the mean of a normal sample has been familiar for a century, but that
of the standard deviation was the object of researches up to 1915. Y et, from the modern
point of view, the study of the causes of variation of any variable phenomenon, from
the yield of whest to the intellect of [people], should be begun by the examination
and measurement of the variation which presents itself.*

Compared to Maunder's origina picture, the modern butterfly dia-
gram increases the data density tenfold, reporting now afull century of
solar memoirs. And, moving in parald with the flapping wings, the
lower time-seriesrestores an areal measure of sunspot activity.'® The
display method used here, paralld sequencing, enhances dimensondity
and density, although showing the variables one-at-a-time-in-parallel is
unreveding of complex interrelated structure. (As statisticians explain,
margina distributions are not wholly informative with regard tojoint
digtributions.) Portrayal of nine full cycdes here enforces comfortable
comparisons of between- and within-cycle variation, and aso exposes
an apparent growth trend (perhaps it is merely improved observation)
in the wingspan of recent cycles.

1920 1940

1900

Al

by sunspots

Note dl the different techniques for displaying sunspots during 380
years of data anaysis—from Galileo'sfirst precious observation of the
solar disk, to small multiple images, to dimensionality and data com-
pression, and finally to micro/macro displays combining pattern and
detail, average and variation. Exactly the same design strategies arefound,
again and again, in the work of thosefaced with aflood of data and images, as
they scramble to reveal, within the cramped limits of flatland, their detailed and
complex information. These design strategies are surprisingly widespread, albeit
little appreciated, and occur quite independently of the content of the data.
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1 Ronald A. Fisher, Satistical Methods for
Research Workers (Edinburgh, 1925; 13th
edition, 1958), p. 3.

1% Since the sunspots appear symmetric
about the sun's equator, the wings may be
folded over to show the distribution of the
sun latitude of spots without distinction be-
tween northerly and southerly sunspots.

W. Gleissberg and T. Damboldt, "A New
Approach to the Butterfly Diagram of Sun-
spots," Journal ofthe British Astronomical
Association, 81(1971), 271-276.

1960 1980
 9o°N
30°N
equator
30°S
1%
01%
1960 1980

At top, aMaunder diagram from 1880 to
1980, with the sine of the latitude marking
sunspot placement. Color coding (the
lighter, thelarger) reflects the logarithm of
the area covered by sunspots within each
ared bin of data. The lower time-series, by
summing over al latitudes, showsthetotal
area of the sun's surface covered by sunspots
at any given time during the hundred-year
sequence. Diagrams produced by David H.
Hathaway, George C. Marshall Space Flight
Center, National Aeronauticsand Space
Administration.
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WONDROUSLY complexisthisgraphictimetablefor aJavarailroadline,
Soerabaja-Djokjakarta, drawn in November 1937 (annotated in Dutch,
then in Japanese). By smoothly suppressing a dimension first here and
then several times there, finessing perspective treatments entirely, and

changing the focus, this 24-hour railroad plan abstractly traces out mul-

tiple paths through three-space and time, in a four-dimensional tour
with a dozen other variables carried dong.

Thetime scaleis read across the top; towns on the railroad route
are indicated by names stacked down the column at left. Diagonal lines
running from upper left to lower right show trains heading down \\ ,
returntrainsby diagonal sgoingfromlowerlefttoupperright I

Thefirst train from the top station, Soerabajakotta, leaves at about 4:50

in the morning (at the . dot), and then reaches the first stopjust afew
minutes later, and so on. Steeper lines are the faster trains. When trains
going opposite directions pass by, an X appears. The arrangement
repays meticulous study:

 Graphical timetables turn the three spatial dimensions of our daily
world into one train-relevant dimension by measuring distance aong
the track itself. Horizontal grid lines, marking towns and station stops,
are spaced approximately in proportion to their distance apart along
the rails (yieding straight-line diagonals, assuming trains run more or
less at constant speed over the entire route).

» Theleft margin of the timetable reflects another viewpoint, with a
profile (at an enlarged vertical scae) of al the valleys and mountains
crossed by rail. Thisvisua depiction is accompanied by quantitative
details, to the right of the profile, where columns of numbers describe
the grade and path. Note how the vertical has been used repeatedly to
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array paralel sequences of thoroughgoing data. In flatland, after dl,
every opportunity to spread additional information over an aready-
available dimension must be cherished.
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super express
express
passenger
mixed
special

cargo
preferential
night cargo
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» Within each station, gill another view—forwhat is important here
is activity on theflat ground. Aeria views of the intricate networks of
station switching tracks are shown, encoded with symbols, icons, and
dingbats describing the loca facilities:
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« Thetrain diagonas cleverly multiple-function,*®

as those marks

record sx variables all at once: the location of a train between towns,
time of that position, direction, train type, relative speed (comparing
dopes of diagonas), and yearly pattern of operation. A two-dimensional
matrix organizes lines by type and seasonality, encoding the diagonal
path of the train through the space-time field:
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This 16-variable schedule served as an internal planning document
for theJava Railroad; it was then obtained by agents working for Japan

preparing for their military invasion of Java during 1942."

In the upper

right-hand corner, thisrailroad timetableis classified "secret” ( /i ).
The spy graphical timetable portrays detailed operations of an intricate
and irregular system and, at amore distant view, the overall structure
and pattern of therailroad—adual micro and macro reading. It is very
much like an excellent map, but with many dimensions breaking free
of direct analogy to conventional cartographic flatland.

O o cargo unloading platform

>~
¢ N

T water supply pump tower

@ directional change platform

livestock loading platform

cargo unloading facilities

Il car repair platform
Loc standby engines
ar relief car

Spd closed areas

% The idea of double-functioning elements
appears in architectural criticism; Robert
Venturi, Complexity and Contradictionin
Architecture (New York, 2nd edition, 1977),
ch. 5. Venturi in turn cites Wylie Sypher,
Four Sages of Renaissance Style (Garden
City, New York, 1955). For statistical
graphics, see "Multifunctioning Graphical
Elements," in Edward R. Tufte, The Visual
Display of Quantitative Information (Cheshire,
Connecticut, 1983), pp. 139-159.

7 Indonesia ni okeru nihon gunsei no genkyu
[A Sudy of Japanese Occupation in Indonesia],
Okuma Social Science Center at Waseda
University (Tokyo, 1959).
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Kelom Tomlinson, The Art of Dancing,
Explained by Reading and Figures (London,
1735), book I, plate XI1.

18 Ann Hutchinson Guest, Dance Notation:

AR picke S g 0 The Process of Recording Movement on Paper
(London, 1984), p. 14. Thisbook aso makes
asurprising demonstration that abstract,

L 1K E the tour-guidesfor the | se Shrine and sunspots, movementsare symbolic methods of movement notation

again depicted on a perspective map, but now in four dimensions - the g:yggiﬁbeg?rm :2&;2@\'/?;&33%
flatland of floor, coded gestures in dance notation of body motion, and

time sequence. (Symbolicaly encoded because "any serious system of

movement notation avoids words because they are a strong deterrent to

international communication."'®). The floor plan is linked to the airy

music (two dimensions there, time and tone) by numbers, with varying

steps for varying sounds. The numbers double-function, simultaneously

sequencing steps and relating movement to music. Note the enlarged

dance-floor notation for the partner on our right, since he takes afront m//
route in switching sides. Often the redundancy of bilateral symmetry

consumes space better devoted to fresh information; but here the inte- \ %
grated complexity of dual movements, as the dancers paths weave and gl ABCM_: it o
intermingle, requires symmetric repetition. The two, pulled apart by 44 o ‘ %
their mirrored pairing, become visually integrated through their nearly e A '4:
touching hands, mutual postures, overlapping paths of movement, and ;I; | _,Lt_
convergence of perspective lines radiating from theflatland floor to a 4 i ?ﬂ

vanishing point exactly midway between their outstretched hands. =
A subtle, graceful, profoundly simple design, with astraightforward Margaret Morris, TheNotationof Movement
complexity, aforerunner of modern dance and movement notation. (London, 1928), pp. 103-104.
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cirrocumulus migratory anticyclone coveringJapan
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HERE gray contours tracing out constant temperatures at 0° and -10° ¢
stretch through the clouds in a side profile of Japan, an ocean-eye view.
Forecasts for 15 areas annotate the cross-section of this unusua weather
map from a daily newspaper. How easily the design reads, compared to
traditional weather maps that commit both their visual dimensions to a
planview of latitude and longitude, suppressing the vertical. Of course
the arrangement works best for long, thin countries.

The next graphic, plotted by a computer, reports four times daily the
levels of three air pollutants fuming over southern California. Nitrogen
oxides (top row) are emitted by power plants, refineries, and vehicles.
Refineries along the coast produce post-midnight peaks shown in the
first panel; cars and power plants send daytime levels up. The morning
traffic generates carbon monoxide, with high concentrations where five
freeways converge in downtown Los Angeles. Reactive hydrocarbons
(bottom row) emanate from refineries after midnight and then increase

Redrawn from Akahata [Red Flag], Tokyo,
March 7, 1985. English translation added
here. Note the changing weather reported
for some cities, for example, Sapporo at the
far right of the map.

PACIFIC OCEAN

Redrawn. See G. J. McRae, W. R. Goodin,
and J. H. Seinfeld, "Development of a Sec-
ond-Generation Mathematical Modd for
Urban Air Pollution. |. Model Formula-
tion," Atmospheric Environment, 16 (1982),
679-696.

midnight to 3 am 6 am to 9 am

NITROGEN OXIDES

REACTIVE HYDROCARBONS

My A

noon to 3 pm
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with daily traffic. The twelve time-space-pollutant maps add up smog
observations on a spatial grid of 2,400 squares (each five kilometers on a
side), for atotal of 28,800 readings, except for those masked by peaks—
a high dendity arrangement of data, abounding with variables and with
observations on those variables.

This air pollution display is asmall multiple, with the same design
structure repeated for al the images. An economy of perception results;
once viewers decode and comprehend the design for one dice of data,
they have familiar access to data in dl the other dices. As our eye moves
from one image to the next, this constancy of design allows viewers to
focus on changes in information rather than changes in graphical com-
position. A steady canvas makes for a clearer picture. Note how paper's
two dimensions are put to work here, twice over. Each small map re-
ports on the two-space location of a third quantity; those maps become
entries themselves in another matrix arraying time of day by type of
pollution, for a grand total of fivevariables.

Tabular arrays of numbers similarly confront flatland, with design
solutions identical to graphical displays. These compound interest tables
record a third variable located on the two-surface, and then repeat each
array, smdl multiple style, at levels of afourth variable. Entries show
capital plusinterest, entabled for sequenced amounts of capital and time.
That grid is then repeated, indexed on the annual rate of interest.

Data entries located on a plane surface can themselves multiply, asin
the notorious applicant/admit tables for law school admissions. Knitting
together al combinations of college grades and test scores, the bivariate
grid registers both the number of applicants and, from those candidates,
the number then actually admitted by this law school. The margins on
the right and bottom sum up to univariate distributions, with grand
totals shown at lower right. This table could in turn become an entry in
another two-space, a multiple comparison over time of various schools.
And when that array itself becomes another entry . . .

LAW SCHOOL APTITUDE TEST (LSAT) PERCENTILE

030 3140 4150 5160 61-70 71-80 81-90 91-99 TOTALS
GPA

>3.75 7-0 7-0 133 180 341 719 151-36  449-345 750-394
375 21-1 264 386 540 940 20614 35819 791-436 1588480
350 574 374 535 652 1365 2288 3696 798-148 1743-182

325 80 55 610 95 1318 1937 289-12 504-44 1421-81
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INTERETS COMPOSES A TROIS POUR CENT.

CAPITAL, { 1.7® ANNEE. | 2.8 ANNEE.|3.® ANNEE.

f, £ e £ e

1 1 03 1 06 1 09

2 2 06 a 12 2 18

3 3 o9 3 18 3 27

; R Y

5 5 15 530 5 46

6 6 18 6 36 6 55

7 7 21 7 42 7 64

8 8 24 8 48 8 94

9 9 27 9 54 9 83

10 10 30 10 6o 10 92
20 20 60 2l 20 21 85
30 30 go 31 8o 32 98
o | hrao| 42go| 4370
50 51 5o 53 o4 54 63
60 61 8o 63 65 65 56
70 72 10 74 26 76 49
8o 82 4o 84 87 89 41
90 92 70 95 48 98 34
100 103 oo 106 og 109 27
200 206 oo 212 18 218 54
300 309 oo 318 29 327 81
foo 412 oo 424 36 437 o9
500 515 oo 530 45 546 36
600 618 oo 636 54 655 63
700 721 00 742 63 764 go
800 824 oo 848 72 894 18
900 927 00 954 81 983 45
1,000 1,030 00| 1,060 go| 1,092 72
2,000 2,060 oo| 2,121 80| 2,185 45
3,000 | 3,090 oo| 3,182 no| 3,298 18
INTERETS COMPOSES A QUATRE POUR CENT.
CAPITAL, | 1.*® ANNEE | 2.° ANNEE. | 3.° ANNEE.

£ £ e £ e &

- 1 ob 1 08 312

5 2 o8 2 16 2 24

3 3810 3 24 3 3y

4 4 16 4 32 4 4o

5 5 20 5 4o 5 62

6 6 24 6 48 6 74

9 7 28 7 97 7 87

8 8 32 8 65 8 g9

9 9 36 9 73 Io 12

16 10 4o 10 81 11 24
%0 20 8o 21 63 22 49
30 31 20 32 44 33 74
4o 41 60 43 26 4k 99
%o 52 oo 54 o8 56 24
6o 62 4o 64 89 67 49
70 72 8o 75 71 78 74
8o 83 20 86 52 89 98
90 93 6o 97 34 101 23
100 104 00 108 16 112 48
200 208 00 216 32 224 99
300 312 oo 324 4 337 45
400 416 0o | 432 64 449 94
500 520 00 540 8o 562 43
600 624 oo 648 96 674 g1
700 728 oo 757 12 787 4o
800 832 oo 865 28 899 89
900 936 oo 973 44| 1,012 37
1,000 1,040 oo | 1,081 6o | 1,124 86
2,000 2,080 oo| 2,163 20| 2,249 72
3,000 3,120 oo| 3,244 80| 3,374 59

Baréme Universel (Paris, 1822), pp. 382-390.

Law School Admission Council and the

300 930 460 460 530 791 89-3 122-2 204-7 732-13
<275 1740 550 440 510 530 740 80-0 113-2 644-2
TOTALS 4405 230-13 255-14 337-7 527-15 861-41 1369-75 2859-982 6878-1152

Association of American Law Schools, Pre-
Law Handbook 1983-84 (Washington, D.C.,
1983). The table shown is for the School of
Law, New York University. Redrawn.
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Small multiples work as efficient and convincing summaries of data or ~ The New York Times, March 14, 1987, p. 1.
an argument, making the same point again and again by offering comple-
mentary variations on the major substantive theme. Here is the colorful

story of one such chart:

GOTTI IS AGQUITTED
BY A FEDERAL JURY
IN GONSPIRACY CASE

NEW CHARGES ARE LIKELY

Verdict is the First Setback in
Recent Government Drive
Against Mafia Leaders

By LEONARD BUDER

John Gotti was acquitted of Federal
racketeering and conspiracy charges
yesterday in the Government’s first
major setback in its recent assault on
organized crime.

Mr. Gotti, who the Government says
is the leader of the nation’s most
powerful Mafia family, and six co-de-
fendants were found not guilty of
charges they took part in a criminal en-
terprise. They were accused of carry-
ing out illegal gambling and loan-
sharking operations, armed hijackings
and at least two murders over an 18-
year period.

Despite yesterday’s verdict, Federal
investigators said the 46-year-old Mr.
Gotti might face indictment on new
charges as head of the Gambino crime
family. “I can’t comment but I won’t
deny it,”” said Thomas L. Sheer, head of
the Federal Bureau of Investigation in
New York, when asked if the F.B.1. was
building up another case against Mr.
Gotti.

‘We’ll Be Starting Again’

“They’ll be ready to frame us again
in two weeks,”’ Mr. Gotti told a reporter
before leaving the Brooklyn courthouse
in a gray Cadillac that was waiting for
him. “In three weeks we’ll be starting

[

again, just watch.”

Until yesterday, Federal prosecutors
in the Southern and Eastern Districts
of New York had recorded a string of
successes in major organized-crime
cases.

Within the last six months, the heads
of the city’s four other Mafia families
have been convicted after trials in
Manhattan and Brooklyn. They, like
Mr. Gotti and his co-defendants, had
been charged under the Federal Rack-
eteer Influenced and Corrupt Organi-
zations Act, or RICO.

Key Witnesses Were Criminals

“‘Obviously they perceived there was
something wrong with the evidence,”
said Andrew J. Maloney, the United
States Attorney in Brooklyn, referring
to the jury.

Many of the Government’s key wit-
nesses were criminals who testified for
the prosecution under grants of im-
munity or in return for payments and
other benefits.

The last piece of evidence requested
by the jury for re-examination was a
chart introduced by the defense that
showed the criminal backgrounds of
seven prosecution witnesses. It listed
69 crimes, including murder, drug pos-
session and sales and kidnapping.

Mr. Gotti’s lawyer, Bruce Cutler,
said the jury showed ‘‘courage” be-
cause “it’s not easy to say no to a Fed-
eral prosecutor.” He said the jury had
not been impressed with the testimony
of “paid Government informants who
lie, who use drugs, who kill people.”

The verdict, which came on the sev-
enth day of jury deliberations after a
trial that lasted almost seven months,
surprised many in the packed court-
room. Friends of the defendants
cheered and applauded; the Govern-
ment prosecutors, Diane F. Giacalone
and John Gleeson, looked glum.

Mr. Gotti, who has been dubbed
‘“‘Dapper Don’’ because of his expen-
sive attire and impeccable grooming,
and his co-defendants hugged and
kissed each other and their lawyers.

Then they stood and applauded as
the 12 members of the jury — whose
identities had been kept secret to pre-
vent possible tampering — left the
room escorted by Federal marshals....

The New York Times

John Gotti

A Weakness
In Gotti Case

Major U.S. Witnesses
Viewed as Unreliable

By SELWYN RAAB

Many lawyers and prosecutors who
followed events in the seven-month
trial of John Gotti said the underlying
weakness of the prosecution’s case was
its apparent reliance on turncoat ca-
reer criminals as key wit-
nesses against Mr. Gotti
and six co-defendants.

A signal that the cred-
ibility of the prosecution’s
principal witnesses was in doubt came
yesterday morning when the jury, in its
final request before acquitting the de-
fendants of all charges, reviewed an
exhibit introduced by the defense.

It was a chart listing the lengthy
criminal records of seven prosecution
witnesses who had obtained promises
of leniency and other favors from the
Government in return for their testi-
mony against Mr. Gotti....

News
Analysis
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The chart invites reading both horizontally and vertically; neither
direction enhances the reputations of those testifying against Mr. Gotti
and his colleagues, as the eye detects curious patterns and unbroken runs
of X's. Mr. Polig, for example, has something of a streak going. Those
marks indicating each crime by each witness are not modest or shy, and
they dominate the spreadsheet grid (although only 37 percent of dl the
possible combinations are marked). Placement of particularly obnoxious _ _
activities at the top (murder) and bottom of the list (pistol whipping a ;g;ﬁdedsgﬁghr?sg,“é?u?é é?ﬁz f;g”
priest) exploits the visual prominence of those positions. Susan G. Kellman.

CSRIMINAL, ACTIVITY OF GOVERMNMENT INEFORMANTS

CRIME CARDINALE LOFARO MALONEY POLISI SENATORE FORONJY CURRO
MURDER X X
ATTEMPTED MURDER X X
HEROIN POSSESSION AND SALE x ’{ }'{ x
COCAINE POSSESSION AND SALE X X X
MARIJUANA POSSESSION AND SALE x
GAMBLING BUSINESS X X X
ARMED ROBBERIES X X X X X
LOANSHARKING X X
KIDNAPPING X X
EXTORTION X X
ASSAULT X X X X
POSSESSION OF DANGEROUS WEAPONS x x x x x X
PERJURY X )
COUNTERFEITING X X
BANK ROBBERY X X
ARMED HIJACKING X X
STOLEN FINANCIAL DOCUMENTS X X
TAX EVASION ] [ x
BURGLARIES X X X X
BRIBERY X X
THEFT: AUTO, MONEY, OTHER X X X X X
BAIL JUMPING AND ESCAPE X X
INSURANCE FRAUDS X X
FORGERIES X X
PISTOL WHIPPING A PRIEST X
SEXUAL ASSAULT ON MINOR x
RECKLESS ENDANGERMENT X
Such displays are likely to be especially persuasive and memorable 19 For visud displaysin the courtroom,
in situations where most information communicated consists of spoken see Larry Gillen, ed, Photographsand Maps
. . 19 . . Go to Court (Washington, D.C.: American
words—asin a trial.™ Courtroom graphics can overcome the linear, Society for Photogrammetry and Remote
nonreversible, one-dimensional sequencing of talk talk talk, adlowing Sensing, 1986); and Gregory P. Joseph,

. ) Modern Visual Evidence (New York, 1989).
members of ajury to reason about an array of data at their own pace odern Visual Evidence (New York, 1969)

and in their own manner. Visual displays of information encourage a
diversity of individual viewer styles and rates of editing, personalizing,
reasoning, and understanding. Unlike speech, visua displays are smul-
taneously a wideband and a perceiver-controllable channel.
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Small multiples, whether tabular or pictorial, move to the heart of Redrawn from Yumi Takahashi and Ikuyo
visual reasoning - to see, distinguish, choose (even among children's Shibukawa, Color Coordination (Tokyo,
shirts). Their multiplied smalness enforces locad comparisons within 1985),pp. 114115
our eyespan, relying on an active eye to sdlect and make contrasts rather
than on bygone memories of images scattered over pages and pages.

We envision information in order to reason about, communicate, doc-
ument, and preserve that knowledge— activitiesnearly always carried
out on two-dimensional paper and computer screen. Escaping this flat-
land and enriching the density of data displays are the essential tasks of
information design. Such escapes grow more difficult as ties of data to
our familiar three-space world weaken (with more abstract measures)
and as the number of dimensions increases (with more complex data).
Still, al the history of information displays and statistical graphics —
indeed of any communication device—isentirely a progress of methods
for enhancing density, complexity, dimensiondlity, and even sometimes
beauty. Some of these methods, identified and described in the chapters
that follow, include micro/macro readings of detail and panorama, lay-
ering and separation of data, multiplying of images, color, and narratives
of space and time.

By giving the focus over to data rather than data-containers, these
design strategies are transparent and self-effacingin character. Designs
so0 good that they are invisble. Too many data presentations, alas, seek
to attract and divert attention by means of display apparatus and orna-
ment. Chartjunk has come to corrupt al sorts of information exhibits
and computer interfaces, just like the "ducks' of modern architecture:

When Modern architects righteously abandoned ornament on buildings, they
unconsciously designed buildings that were ornament. In promoting Space and
Articulation over symbolism and ornament, they distorted the whole building into
a duck. They substituted for the innocent and inexpensive practice of gpplied
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Peter Blake, God's OwnJunkyard (New
York, 1964, 1979), p. 10L

% Robert Venturi, Denise Scott Brown,
and Stevenlzenour, LearningfromLas
Vegas(Cambridge, 1977), p. 163.

decoration on a conventional shed the rather cynical and expensive distortion of
program and structure to promote a duck.... It is now time to reevaluate the DAMONDS WERE AGIRL ST RIEND

once-horrifying statement of John Ruskin that architecture is the decoration of
construction, but we should append the warning of Pugin: It is dl right to
decorate construction but never construct decoration.®

$60,000

Consider this unsavory exhibit a right—chockablock with cliche
and stereotype, coarse humor, and a content-empty third dimension. A
Itisthe product of avisual sensitivity in which athigh-graph with a
fishnet-stocking grid counts as a Creative Concept. Everything counts,
but nothing matters. The data-thin (and thus uncontextual) chart mixes g T
up changesin the value of money with changesin diamond prices, a :
crucia confusion because the graph chroniclesatimeof high inflation.

Lurking behind chartjunk is contempt both for information and for
the audience. Chartjunk promoters imagine that numbers and details
are boring, dull, and tedious, requiring ornament to enliven. Cosmetic
decoration, which frequently distortsthe data, will never salvagean
underlying lack of content.? If the numbers are boring, then you've got

LT

$20,000

i Jot I8 i — e
1978 1979 1980 1981 1982

thewrong numbers. Credibility vanishesin clouds of chartjunk; who % For detailed evidence, see Edward R.

; : 22 Tufte, The Visual Display of Quantitative
Wouldtru_st achart that Iooksllke_awdeo ggm_e. _ Infor mation(Cheshire, Connecticut, 1983),

Worseis contempt for our audience, designing asif readers were pp. 52-87.

obtuse and uncaring. In fact, consumers of graphics are often more .
intelli b heinf : hand than th ho fabri h 2 payl Rand writes, "Readers of a report
intelligent _outt einformation at hand than t ose who rlcqtet e should be unaware of its ‘design.’ Rether,
data decoration. And, no matter what, the operating moral premise of they should be enticed into reading it by

interesting content, logica arrangement

information design should be that our readers are aert and caring; they . ; h
- . . and simple presentation. The printed page
may be busy, eager to get on with it, but they are not stupid. Clarity should appear natural and authoritative,
and simplicity are completely opposite simple-mindedness. Disrespect avoiding gimmicks which might get in the
for the audiencewill leak through, damaging communication. What way of its documentary cheracter.” Pl
ortheau an, aging : Rand, "Design," in Speaking Out on Annual

E. B. White sad of writing is equdly true for information design: "No Reports (New York, 1983).



one can write decently who is distrustful of the reader's intelligence, or
whose attitude is patronizing."*

Standards of excellence for information design are set by high quality

maps, with diverse bountiful detail, severd layers of close reading com-
bined with an overview, and rigorous data from engineering surveys.
In contrast, the usual chartjunk performances|ook more like posters
than maps. Posters are meant for viewing from a distance, with their
strong images, large type, and thin data densities. Thus poster design
provides very little counsdl for making diagrams that are read more
intensely. Display of closely-read data surely requires the skilled craft
of good graphic and poster design: typography, object representation,
layout, color, production techniques, and visual principles that inform
criticism and revision. Too often those skills are accompanied by the
ideology of chartjunk and data posterization; excellence in presenting
information requires mastering the craft and spurning the ideology. #*

THE ducks of information design arefal se escapesfrom flatland, adding
pretend dimensions to impoverished data sets, merely fooling around
with information. They don't work, just as this royal dining table,
caught up in flatland, fails to hold the pots and plates. The king and
gueen watch in exasperation and exclaim, as their meal dides off,
"It's the way they draw these wretched tabled"”

l
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2 William Strunk, J. and E. B. White, The
Elements of Style (New York, 1959), p. 70.
An effective trial lawyer, Joe Jamail, noted
"If you use too many pictures and make it
likeacircusor going to amatinee, jurorswill
think you think they're stupid." Susan
Ayada, "Lega-Graphics Firms," The Wall
Street Journal, July 21, 1988, p. 19.

2 Our philosophy of information design—
self-effacing displays intensely committed to
richdata—pardlelsBaanchine's approach

to dance. Lincoln Kirstein, in his 1972 essay
"Balanchine's Fourth Dimension," describes
an attitude governing the nature of dancing:
"A committed Balanchine dancer (with a
smal 'd) comes to redlize that Personality
(with an enormous 'P) is a bundle of hap-
hazard characteristics frozen in apleasing
mask for immediate identification and nego-
tiable prestige. No matter what is danced—
and it makes littledifference— stardomdims
the dancing. What is danced is perforce
secondary. There are two types of balet
companies. those interested in sdling stars
and those occupied in demonstrating and
extending the dance, as such. . . . Physicaity
in the tense relationships of Baanchine's
dancers kept under so strict a disciplinein

s0 free an exercise pushes the spectacle to

a high pressure point. Everything is so fo-
cused, compressed, packed, playful that it is
as if the entire design were patterned on
coiled ged or explosve fuels. Combinations
of music in motion approach a fourth dimen-
sion that cannot be verbally defined." Vogue,
160 (December 1972), 118129, 203-206; and
Lincoln Kirgtein, Ballet: Bias and Belief(New
York, 1983), 111-119.

Harvey, TheBulletin, Sydney, Australia,
ca. 1950s, as reproduced in E. H. Gombrich,
The Image and the Eye (Oxford, 1982), p. 21.
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2  Micro/ Macro Readings

g
i |

For 20 years Constantine Anderson refined this precise axonometric
projection of midtown New Y ork (shown here are Rockefeller Center
environs), following the tradition of the classic 1739 Bretez-Turgot Plan
de Paris(at | eft, theareaaround Pont Neuf and Notre Dame, from the
11thof 20 sheets). The Manhattan map embraces such fine points as
individual windows, subway stations and bus shelters, telephone booths,
building canopies, trees, and sidewalk planters. And thetypography is
persistently thorough; the entire map (60 by 92 centimeters, or 24 by 36
inches) reports 1,686 names of buildings, stores, and parks along with 657
specific streetaddresses—foramap, an abundant typographic density of
3 characters per square centimeter (20 per squareinch). The only major
concession to paper flatland is widening of the map's streets to reduce
masking of some buildings by others.

Thisfine texture of exquisite detail leads to personal micro-readings,
individua stories about the data: shopsvisited, hotels stayed at, walks
taken, office windows at afloor workedon—all in the extended context
of an entire building, street, and neighborhood.* Detail cumulatesinto
larger coherent structures; those thousands of tiny windows, when seen
at adistance, gray into surfacesto form awholebuilding. Simplicity of
reading derives from the context of detailed and complex information,
properly arranged. A most unconventional design strategy is revealed:
to clarify, add detail.

37

Michel Etienne Turgot and Louis Bretez,
PlandeParis(Paris, 1739), plate I1. Above,
The Isometric Map of Midtown Manhattan,
© 1989 The Manhattan Map Company.
All rights reserved.

! ltalo Calvino'sInvisible Cities (San Diego,
1974) records this texture of storied detail:
cities are "relationships between the mea
surements of its space and the events of its
past: the height of alamp-post and the dis-
tance from the ground of a hanged usurper's
swaying feet; the line strung from the lamp-
post to the railing opposite and the festoons
that decorate the course of the queen's nup-
tia procession; the height of that railing and
the leap of the adulterer who climbed over it
at dawn; thetilt of a guttering cat's progress
dong it ashe dipsinto the same window; the
firing range of a gunboat which has suddenly
appeared beyond the cape and the bomb that
destroys the guttering; theripsin the fish-
net and the three old men seated on the dock
mending nets and telling each other for the
hundredth time the story of the gunboat of
the usurper, who some say was the queen's
illegitimate son, abandoned in his swaddling
clothes there on the dock." On Calvino and
maps, see afine essay by Marc Trelb, "Map-
pingExperience," DesignQuarterly, 115(1980).
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A high-resolution agrid photograph of Senlis, one of the oldet cities
in France (construction started on this Notre Dame cathedral in 1153),
arrays micro-details mixing into overal pattern. Encircling Senlis was
once a broad strip of Gallo-Roman fortification, now replaced by houses,
arranged by the memory of the old town's plan. Such intensity of detall
isroutinely reported in photographs, so much data that digitizing these
images for computers requires 10° to 10° bits.

Micro/macro composition also oversees this celebrated 1930 poster
composed by the Soviet graphic artist Gustav Klutsis. The design and
political point correspond—asthe poster shows and aso writes out, from
collaborative work of many hands, one great plan will be fulfilled.

At work hereis acritical and effective principle of information design.

Panorama, vista, and prospect dedliver to viewers the freedom of choice
that derives from an overview, a capacity to compare and sort through
detail. And that micro-information, like smaller texture in landscape
perception, provides a credible refuge where the pace of visualization
is condensed, dowed, and perzt;onalized.2 These visual experiences are
universal, rooted in human information-processing capecities and in the
abundance and intricacy of everyday perceptions. Thus the power of
micro/macro designs holds for every type of data display as well as for
topographic views and landscape panoramas. Such designs can report
immense detail, organizing complexity through multiple and (often)
hierarchical layers of contextual reading.

Robert Cameron, Above Paris (Sen Fran-
cisco, 1984), pp. 146-147.

2 Jay Appleton, The Experience of Landscape
(Chichester,1975); John A. Jakle, The Visual
Elements of Landscape (Amherst, 1987).
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These multi-layered graphs report a clouded relationship between
temperature and conductivity for various e ements, as measured by
many different laboratories. Each set of connected points comes from a
single publication, cited by an identification number. Note how easily
these displays organize the material, recording observations from severa
hundred studies and also enforcing comparisons among quite divergent
results (thisis science?) scattered around the correct curve, asolid line
labeled RECOMMENDED. Since both scales are logarithmic, cycling through
3.5 to 6 orders of magnitude, deviations from the recommended curve
are often quite substantial. In this micro/macro arrangement, 4 layers
of data are placed in evidence—individual points measured within each
study, connected curves formed by those results, and, finally, an overall
conglomeration of curves (which are compared with the standard).

Still another dice of data can be added. A number, linked to an alpha-

betical list ordered by author's name, now identifies each published paper.

A better method is to order the list by the date of publication; then the
numerical codes correspond to the sequence of findings—forexample,
61cindicates the third paper published in 1961. This graphical indexing
depicts which study first had the right answer, and movement toward
the correct curve can be tracked over the years.

THERMAL CONDUCT IVITY OF
PYROLYTIC GRAPHITE

2 3 456 8 | 2 3 456 8100 2 3 456 80 2 3 456 810 2 3 45 | 2 3 4 56 8 10
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TYPICAL

2 3 4 56 8 100 2 3 4

TEMPERATURE, K

R. A. Matula, "Electrical Resistivity of
Copper, Gold, Paladium, and Silver,"Jour-
nal of Physical and Chemical Reference Data,
8 (1979), 1162; C. Y. Ho, R. W. Powell,
and P. E. Liley, Thermal Conductivity of the
Elements. Journal of Physical and Chemical
Reference Data, 3 (1974), pp. 1-151, 1-244.

THERMAL CONDUCTIVITY, W cm™ K™
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These extraordinary stetistical maps report data for thousands of tiny
grid squares (1 km on a side). Below, a map of Tokyo shows population
density; note smaller concentrations dotting the tracks radiating from
the city, as people cluster along rail lines and station stops. At thislevel
of detail, resdents can find their own particular square and aso seit in
a broader context. The map at right records the proportion of children
living at each location, with a systematic pattern of lower percentages
in central Tokyo (where spaceis limited and costly) and a suburban ring
teeming—relatively—withchildren. A bright idea lies behind these
grid-square or mesh maps. Conventiona blot maps (choropleth maps,

Statistics Bureau, Prime Minister's Office,
Satistical MapsonGridSquareBasis: The1980
Population Census Results (Tokyo, 1985). See
Hidenori Kimura, "Grid Square Statistics for
the Distribution and Mobility of Population
inJapan," Statistics Bureau (Tokyo, no date),
manuscript.
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in thejargon) paint over areas formed by given geographic or political % J. C. Miller, "Wahrheit und Liige in

; ; Lni Thematischen Karten— Zur Problematik
boundari S._The consequences gre(l) sizes of areas are non-uniform, der Darstellung Satistischer Sechverhalte”
(2) colored-in areas are proportional to (often nearly empty) land areas Kartographische Nachrichten, 35-2 (1985), 44-
instead of the activities depicted, with large unpopul ated areas often 52_-b _th?lf uses of n\;v&:dm?apsTmﬂUde&S

.. . . . . . e cripin OWS, see 0 R. lopler,

receiving greatest visual emphasis, and (3) historical changesin political Moddgof G:Ograohic Movement," Geo-
boundaries disrupt continuity of statistical comparisons.®> Mesh maps graphical Analysis, 13 (January 1981), 1-19.
finesse these problems. For these maps, the whole country of Japan was
divided up in 379,000 equal-sized units and then, in a heroic endeavor,
census data and addresses were collated to match the new grid squares.

Arbitrary but statistically wise boundaries now cradle the micro-data
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THE Vietnam Veterans Memorial in Washington, D.C. achievesits *JACK S SMITH  PAU
visual and emotional strength by means of micro/macro design. From a .\ !\; ;Uifi : {\‘\)}\f;:'\ ’[,i QEIJI
distance the entire collection of names of 58,000 dead soldiersarrayed on  EENIGEINNRVASY I AR (S AR eR S (0]3 =

the black granite yidds a visual measure of what 58,000 means, as the = ROV O
letters of each name blur into a gray shape, cumulating to thefinal toll. ‘ '
When aviewer approaches, these shapesresolveinto individual names.
Some of the living seek the name of one particular soldier in a personal
micro-reading; more than afew visitors here touch the etched, textured
names. We focus on the tragicinformation; absent are the big porticoes,
stepsand stairs, and other marbleparaphernaliausually attachedto grand
official monuments. Walking on adight grade downward (approaching
from ether dde), our first dose reading is of panels no higher than afew
names. But looking forward, the visitor sees names of the dead rising
higher and higher, a statistical blur of marksin the distance with micro-
detail at hand. The context is enlarged by calm reflections off polished
black granite, reflections of theliving and of trees, and, at a distance, of
the Lincoln and Washington memorials toward which the walls angle.

An additional data dimension comes from theorderingof names. The
memorial's designer, MayaYing Lin, proposed that names be listed by
date of desth rather than aphabeticaly:

. . chronological listing was essential to her design. War veterans would find their
story told, and their friends remembered, in the panel that corresponded with their .
tour of duty in Vietnam. Locating specific names with the aid of a directory would Jan C. Scruggs.and\be! L. Swerdlow,
be like finding bodies on abaitefield. . . . Someinitally cisagreed. 1f 58,000 names ,\Tﬂoer':gfji; E\',\?gz”\(;rl‘f féggﬂ;’_e;e;a;‘;
were scattered along the wall, anyone looking for a specific name would wander
around for hours and then leave in frustration. One solution seemed obvious: list VietnamV eteransMemorial, Directoryof
everyone in alphabetical order. . . . But when a two-inch-thick Defense Depart- Names (Washington, D.C., 1985). Shown
ment listing of Vietnam casualties was examined, thinking changed. There were hereisan excerpt from thefinder, alarge

over 600 Smiths; 16 people named James Jones had died in Vietnam. Alphabetica Eﬁ?ﬁ dﬁzorgg;?ht(‘h; Q arr‘gi,] é?g\lfv’nﬂﬁan o

listing would make the Memorial look like a telephone book engraved in granite, and line number locating each name on the
destroying the sense of unique loss that each name carried. . . .* stonememorial.
SMITH ROBERT GEORGE PFC AR 11 JUN 45 02 JAN 66 CLEVELAND OH 4E 52
SMITH ROBERT HAROLD SP4 AR 27 OCT 46 24 JAN 67 WARMINSTER PA 14E 73
SMITH ROBERT JAMES SSGT AR 16 DEC 45 18 APR 68 ALBANY NY 50E 41
SMITH ROBERT JEREMIAH CPL AR 16 MAY 47 29 SEP 67 BUFFALO NY 27E 32
SMITH ROBERT JOE SP4 AR 04 JUL44 21 MAR 67 JACKSONVILLE FL 17E 14
SMITH ROBERT JOHN A1C AF 15 OCT 42 25 JUN 65 SCARBORO ME 2F 19
SMITH ROBERT JOSEPH PFC MC 04 AUG 48 26 AUG 68 COLUMBUS GA 46W 34
SMITH ROBERT JR PFC AR 20 MAR 45 26 MAY 66 PHILADELPHIA PA 7E ikl
SMITH ROBERT L SGT AR 30 JUN 37 25 AUG 66 MILLINGTON TN 10E 44
SMITH ROBERT LEE SP4 AR 06 NOV43 29 JAN 66 WELCH WV 4E 115
SMITH ROBERT LEE SSGT AR 22 AUG 32 25 MAY 68 CHILLICOTHE OH 67W 6
SMITH ROBERT LEE LEPL MC 09 JAN 46 31 MAY 68 MONROE Ml 62W 17
SMITH ROBERT LEE PFC MC 28 MAR 46 02 SEP 68 CINCINNATI OH 45W 28
SMITH ROBERT LEE PFC AR 06 OCT 43 30 DEC 69 CHICAGO IL 15W 111
SMITH ROBERT LEE JR LCPL MC 31 JUL45 04 MAR 66 NEWPORT NEWS VA 5E 110
SMITH ROBERT LEWIS PEC AR 05 APR 48 06 JUN 68 SMITHLAND KY 59W 15
SMITH ROBERT LINDO PFC AR 22 JAN 40 17 FEB 66 SANFORD NC 5E 43
SMITH ROBERT LOUIS CRL AR 27 MAY 47 08 MAR 67 ANGIER NC 16E 42

SMITH ROBERT MICHAEL SGT AR 11 NOV48 10 MAR70 PEORIA IL 13W 108
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SMITH ROBERT NORMAN COL MC 20 SEP26 19 AUG 69 TRUCKSVILLE PA 19w 74
SMITH ROBERT SR SGT AR 28 MAY 32 21 OCT 66 ALEXANDRIA LA 11E 96
SMITH ROBERT T SGT AR 01 AUG44 12 APR69 INDIANAPOLIS IN 27W 67
SMITH ROBERT WALTER SGT AR 27 APR 47 20 JAN 69 LAKE CORMORANT  MS 34W 45
SMITH ROBERT WILBUR CAPT AF 02 JUL 44 17 APR70 WASHINGTON DC 1MW 19
SMITH ROBERT WILLIAM PFC AR 02 AUG47 12 NOV 66 WENTZVILLE MO 12E 64
SMITH RODNEY HOWE LTC AR 02 AUG 31 03 JUN 67 ARLINGTON VA 21E 53
SMITH ROGER LEE SP4 AR 14 MAR47 03 OCT 68 SOUTH POINT OH 41w 2
SMITH RONALD C SP4 AR 21 APR 46 03 MAR 67 DEARBORN Ml 16E 14
SMITH RONALD CARLTON SP4 AR 18 SEP 44 14 APR 68 HATBORO PA 50E 1
SMITH RONALD EUGENE SEC AR 29 MAR40 28 NOV70 COVINGTON IN 6W 89
SMITH RONALD ORDON SP4 AR 03 JUN 47 21 NOV 67 COVINGTON TN 30E 60
SMITH RONALD LARRY LT MC 02 MAR36 23 FEB69 HOGANSVILLE GA 31W 24
SMITH RONALD LEE PFC AR 20 DEC 47 26 MAY 68 BEECH GROVE IN 65W 1
SMITH RONNIE WAYNE PFC MC 28 SEP 48 28 MAY 68 HUNTSVILLE AL 64W 16
SMITH RONNY REC MC 04 FEB49 10 MAY 69 LENA MS 25W 43
SMITH ROY CPL MC 11 MAY46 20 MAY 67 BIRMINGHAM AL 20E 65
SMITH ROY MILTON SP4 AR 31 MAR50 19 FEB 71 HOUSTON TX 5W 122

Thus the names on stone triple-function: to memorialize each person
who died, to make a mark adding up the total, and to indicate sequence
and approximate date of death. A directory-book alphabeticaly lists dl
the names and sarves as a finder, pointing viewers to the locetion of a
single engraved name.
The spirit of the individual created by the wall —bothof each death f . :

. L. .. Since ingtallation in 1982, the Vietnam
and of each viewer personaly editing — decisively affects how we see Veterans Memoria has become the most
other visitors. The busloads of tourists appear not so much as crowds }/isited ?Fonumenlt in Washington. Some

TR . . our million people saw it in 1988. "Maya
but r.ther as many separate individual faces, not asmttgrruptl onsat an Lin's Unwavering Vision.” The Washington
architectural performance but rather as our colleagues. Post, February 13, 1989, B1, B6.




GRAPHI CA L timetablesalso exemplify the multiplicity and wholeness of
micro/macro design. Described here is the overall structure of arailroad
system, as theindividual lines aggregate into systematic patterns. This
computer-graphical timetable shown here governs Japanese high-speed
trains, or Shinkansen. Station stops are plotted down the side of the grid;
time of day runs across the top; diagona lines show the space-time path
of each train. The Tokyo control-room directing these high-speed trains
is filled with these graphical timetables, long paper strips used to help
oversee thousands of journeys each day — atask which makes clear the
enormous advantages of seeing information rather than tabulating data.
Similar charts are aso used for planning new schedules, with different
interest groups negotiating where a train should stop and the frequency
of service as they design a graphical timetable.®
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® Hiroaki Shigehara, Ressha Daiya [Train
Diagram] (Tokyo, 1983). An enchanting
story of graphical-timetable design is told by
Hideo Ohki, "Transportation of Professional
Basebal| Spectatorsby Seibu Railways, " Jap-
anese Railway Engineering, 19 (1979), 19-23,
describing a small railway serving baseball
spectators. Considerations includeirregular
length of games, and spectators leaving early
in event of a runaway. Railway workers
monitor the game on television in order to
adjust dynamically the train graph (asitis
caled, in alogic so visua that the graph en-
tirely replaces entabled times).

Operation diagram for 12:00 noon, July 25,
1985, Tokaido and Sanyo Shinkansen Lines
(bullet train), Japanese Nationa Railroad
control room, Tokyo.
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Stem-and-leaf plots of statistical analysis also rely on micro/macro
design. Each data point simultaneously statesitsvalue and fills a space
representing one counted unit, like the names on the Vietnam Veterans
Memorial, with those spaces in turn assembling to form a profile of the
overal univariate distribution. Envisioned here are the heights of 218
volcanoes, each individual number helps to build the histogram. Micro-

09 = 900 feet 98766562
97719630
69987766544422211009850
876655412099551426
9998844331929433361107
97666666554422210097731
898665441077761065
98855431100652108073
653322122937
377655421000493

10 | 0984433165212
Stem-and-leaf displays: 11 | 4963201631
heights of 218 volcanoes, unit 100 feet. 12 | 45421164

13 | 47830

14 |1 00

15 | 676

16 | 52

17 1 92

1815
1913 = 19,300 feet 19 1 39730

OO phWNN—=O

data has replaced the information-empty bars of atraditional barchart.
Thisidea of making each graphical e ement repeatedly effective animated
design of the stem-and-leaf plot. In describing his invention, John Tukey
wrote: "If we are going to make a mark, it may as well be a meaningful
one. Thesimplest— and most useful —meaningful mark is a digit."”

In asimilar fashion, this train schedule below positions the individual
departure times so that they add up to afrequency distribution. For
trains that run often, leading hour-digits need not be repeated over and
over, and, instead, minutes can be stacked:

&

36 47 5400

¥ T B F VY
5 06 18 31 @ 46 58
6 @ 12 @ 21 30 @ 41 49 6 59 Oeanmn
7 03 08 G0 17 33 @ 30 & 88 40 & 47 49 & 56 58 haiae
8 03 G 09 @ 20 22 @ 30 32 & 40 42 & 52 54 BMERER
9 & 02 046 ® 12 14 @ 32 24 @ 37 33 @ 43 & 53 57 2
10 6 03 87 @ 12 17 @ 22 36 29 34 & 40 85 49 34 & L4 :sx
11 00 85 08 12 & 19 25 28 32 & 39 45 48 52 & 59 Pl
12 85 08 12 & 19 35 28 82 @ 39 45 48 52 & 59 xRanal
13 05 08 12 @ 19 35 28 82 & 39 35 48 52 & 59 3y-Foba
14 85 08 12 @ 19 25 28 32 @& 39 35 48 52 &b 59 "o
15 05 08 12 @ 19 35 28 82 @ 39 25 48 52 & 59
16 85 08 09 &b 18 21 37 79 32 b 40 42 48 50 52 &
17 61 04 G 12 14 76 @ 54 26 @ & 34 36 30 & 45 47 & 55 57
18 8i & 05 07 @ 15 17 31 & 25 28 @ 85 37 &1 & 45 48 & 55 57
19 81 ¢ 06 08 & 15 17 20 & 25 27 & 34 36 30 @ 45 47 & 53 55
20 80 02 o4 dd 12 14 76 31 23 & 82 34 35 41 46 & 52 38
21 01 06 & 11 78 21 26 @ 31 38 41 46 & 51 38
2201 & 1117 21 & 32 39 44 & 53 %%

® 30

~N
pe
S
@
o
[
£

7 John W. Tukey, "Some Graphic and
Semigraphic Displays,” in T. A. Bancroft,
ed., Satistical Papers in Honor of George W.
Snedecor (Ames, lowa, 1972), p. 296.

Keihin Express Line at Y okohama Station,
Sagami Tetsudo Company, 1985 timetable,
p. 76. Encodings indicate types of trains
(super express, commuter, and so on) and
various loca stops.
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Reported is the overall time distribution of 292 daily trains, with peaks ® The stem-and-leaf schedule contains 619

; ; ; ; numbers; the typographic version 1,396
during morni ng gnd evgm ng rush hpurs. The shrewd design 9\/@ Ve numbers and periods, Thus the Stem-and-
characters, avoiding thistypographical extravaganzabelow, whichlacks  |eqf schedule saves 777 characters, and, more
the intensive annotation of the stem-and-leaf original and aso fails to importantly, gives amuch better sense of

provide clear testimony about frequency of train service by hour.® comparison of train times

5.06 7.17 8.28 9.31 10.40 11.57 13.12 14.28 15.45 16.52 17.53 18.45 19.40 20.39 21.51 23.36
5.18 7.23 8.30 9.33 10.45 11.59 13.17 14.32 15.48 16.59 17.55 18.48 19.43 20.41 21.58 23.47
5.31 7.26 8.32 9.41 10.49 12.05 13.19 14.37 15.52 17.01 17.57 18.53 19.45 20.46 22.01 23.54
5.40 7.30 8.38 9.43 10.54 12.08 13.25 14.39 15.57 17.04 18.01 18.55 19.47 20.50 22.09 24.03

5.58 7.38 8.42 9.53 11.00 12.17 13.32 14.48 16.05 17.12 18.05 19.01 19.53 20.58 22.17 24.21
6.04 7.40 8.50 9.57 11.05 12.19 13.37 14.52 16.08 17.14 18.07 19.04 19.55 21.01 22.21 24.23
6.12 7.45 8.52 10.01 11.08 12.25 13.39 14.57 16.09 17.19 18.13 19.06 20.00 21.06 22.29

6.21 7.49 9.00 10.07 11.17 12.32 13.48 15.05 16.18 17.24 18.17 19.13 20.04 21.11 22.39
6.30 7.54 9.02 10.11 11.19 12.37 13.52 15.08 16.21 17.26 18.21 19.15 20.10 21.18 22.44
6.38 7.56 9.04 10.12 11.25 12.39 13.57 15.12 16.27 17.30 18.23 19.17 20.12 21.21 22.51
6.41 7.58 9.10 10.17 11.28 12.45 13.59 15.17 16.29 17.32 18.25 19.20 20.14 21.26 22.53

6.55 8.06 9.14 10.22 11.37 12.52 14.08 15.25 16.38 17.36 18.33 19.25 20.21 21.31 23.04
6.59 8.09 9.20 10.26 11.39 12,57 14.12 15.28 16.40 17.40 18.35 19.27 20.23 21.38 23.10
7.03 8.18 9.22 10.29 11.45 12.59 14.17 15.32 16.42 17.43 18.37 19.32 20.30 21.41 23.14

7.14 8.22 9.29 10.37 11.52 13.08 14.25 15.39 16.50 17.47 18.43 19.36 20.34 21.50 23.30

In dl these micro/macro designs, the sameink serves more than one
informational purpose; graphical elements are multifunctioning. This
suggests a missed opportunity in the stem-and-leaf timetable—surely
leaves of numbers can grow from both sides of a central stem. And so it
is, thefinely detailed timetable below records trains running in several
directions from the station, with the platforms 7-8 at left and platforms
56 at right (at the arrows, note how numbers serpentine around a bend
when times for the morning rush hour exceed the grid). Sometimes this
arrangement is caled a "back to back stem and leaf plot.” Nonetheless,
Japanesetrai n passengers have managed to use the schedulesfor decades
without ever knowing the fancy name.

7-8 B 546

59 094 54255 2547 45) wion KB
56 5147 38 34 20 @ 04 6 14 31 54 35
52 49 45 42 38 35 31 27 21 16 1204 00 7 07 16 32 3¢ @ sl R8s N
474399359127 2420713700603 8 031325773441 46 ¥ 3 R
52 57 40 36 28 14 05 9 05 12 25 27 35 46 59 " R

58 56 47 37 32 24 19 10 06 10 10 19 25 34 49 55 ®4TFIRE?
56 43 @ 30 21 16 08 05 11 4 1925 20 39 49 wimzimse i
Aieceanns 50 4196 23 09 12 04 19 35 34 49 35" FEEFRRAN B
Basiaians 56 45 35 28 10 13 07 10 g4 45 55 Tz -
CaC LR 4936 31 26 09 14 g4 19 3 @ 50 5 ; 18
i 51 40 31 20 09 04 15 03 19 32 36 49 T )

S ac R ) 7B

56 51 40 32 30 19 05 16 ¢} 23 35 49 59 i

56 44 35 33 19 12 17 03 14 17 23 29 34 42 48 55
56 51 36 25 06 18 01 07 13 20 26 20 36 39 47 57
59 53 49 41 30 13 @ 19 04 12 15 22 24 29 39 49 50

53 37 24 09 20 09 18 29 39 42 50 THAS

48 34 18 05 21 03 13 24 77 33 45 e

43 22 06 22 04 19 34 49 Zubn

5113 28 06 &9 1 44 54 Laoa Tokaido Line a Yokohama Station, Sagami
y i

Tetsudo Company, 1985 timetable, p. 72.
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EACH at least as big as this drawing of the earth, some 7,000 pieces of
spacedebris— operatingand dead satellites, explosion fragments from
rocket engines, garbage bags and frozen sewage dumped by astronauts,
shrapnel from antisatel lite weapons tests, 34 nuclear reactors and their
fuel cores, an escgped wrench and a toothbrush— now orbit our world.
Only about 5 percent are working satellites. By means of extraordinary
data recording and andysis, military computers identify and then track
each of these 7,000 objects (>10 cm in diameter), in order to diffferentiate
the debris from a missile attack, for which we may be thankful. Spaceis
not totally self-cleaning; some of the stuff will be up there for centuries,
endangering people and satellites working in space as well as inducing
spurious astronomical observations. Therisk of a damaging collisonis
perhaps 1 in 500 during several yearsin orbit. The volume of debris has
doubled about every 5 years; future testing of space weaponswill
accelerate the trashing of space.”

® Donald J. Kesser and Burton G. Cour-
Pdais, "Collison Frequency of Artificial
Satellites: The Creation of a Debris Bdlt,"
Journal of Geophysical Research, 83 (June 1,
1978),2637-2646; Donald J. Kesder, "Earth
Orbital Pollution,” in Eugene C. Hargrove,
ed., Beyond Spaceship Earth (San Francisco,
1986), 47-65; Nicholas L. Johnson, "History
and Conseguences of On-orbit Break-ups,”
in Space Debris, Asteroids and Satellite Orbits,
D. J. Kesder, E. Grim, and L. Sehnal, eds,
Advances in Space Research, 5 (Oxford, 1985),
11-19; Eliot Marshall, "Space Junk Grows
with Weapons Tests," Science, 230 (October
25, 1985), 424-425; Joel R. Primack, "Gamma-
Ray Observations of Orbiting Nuclear Re-
actors," Science, 244 (April 28, 1989), 407-408.



The consequences (as of 0:00 hours Universal time, July 1, 1987) are
shown in these phenomena and disheartening micro/macro images, as a
multiplicity of 7,000 dots adds to the overall pattern of orbital pollution.
Most of the debris is relatively close to earth; a more distant view shows
aring formed by geosynchronous satellites. Not shown are some 50,000

smaller objects (sze between 1 cm and 10 cm), as well as 10 hillion to 100

billion paint chips now in orbit.

NEARLY all micro/macro designs of this chapter have portrayed large
guantities of data at high dengities, up to thousands of bits per square
centimeter and 20 million bits per page, pushing the limits of printing
technology. Such quantities are thoroughly familiar, although hardly
noticed: the human eye registers 150 million bits, the 35 mm dide some
25 million hits, conventiona large-scale topographic maps up to 150
million bits, the color screen of a small personal computer 8 million bits.
Typographic densities are adso substantial; a few reference books report
28,000 characters per page, books on non-fiction best-sdller lists from
5,000 to 15,000 characters per page, and the world's telephone books run
between 10,000 and 18,000 characters per page. Statistical graphics and
other information displays should do so well.
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Illugtrations provided by Nicholas L.
Johnson, Teledyne Brown Engineering,
Colorado Springs, Colorado. Dots are
not to scale of Earth.
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We thrive in information-thick worlds because of our marvelous and
everyday capacities to sdlect, edit, single out, structure, highlight, group,
pair, merge, harmonize, synthesize, focus, organize, condense, reduce,
bail down, choose, categorize, catalog, classify, list, abstract, scan, look
into, idealize, isolate, discriminate, distinguish, screen, pigeonhole, pick
over, sort, integrate, blend, inspect, filter, lump, skip, smooth, chunk,
average, approximate, cluster, aggregate, outline, summarize, itemize,
review, dip into, flip through, browse, glance into, leaf through, skim,
refine, enumerate, glean, synopsize, winnow the wheat from the chaff,
and separate the sheep from the goats.

Visual displays rich with data are not only an appropriate and proper
complement to human capabilities, but aso such designs are frequently
optimal. If the visual task is contrast, comparison, and choice—asso
often it is—thenthe more relevant information within eyespan, the
better. Vacant, low-density displays, the dreaded posterization of data
spread over pages and pages, requireviewersto rely on visual memory —
aweak skill —tomake a contrast, a comparison, a choice™

Micro/macro designs enforce both locad and globa comparisons and,
a the same time, avoid the disruption of context switching. All told,
exactly what is needed for reasoning about information.**

High-density designs aso dlow viewers to sdect, to narrate, to recast
and persondize data for their own uses. Thus control of information is
given over to viewers, not to editors, designers, or decorators. Data-thin,
forgetful displays move viewers toward ignorance and passivity, and at
the same time diminish the credibility of the source. Thin data rightly
prompts suspicions: "What are they leaving out? Is that redly every-
thing they know? What are they hiding? Is that dl they did?' Now and
then it is claimed that vacant space is "friendly" (anthropomorphizing
an inherently murky idea) but it is not how much empty space there is, but
rather how it is used. It is not how much information there is, but rather how
effectively it is arranged.

Showing complexity is hard work. Detailed micro/macro designs
are difficult to produce, imposing substantia costs for data collection,
illustration, custom computing, image processing, production, and fine
printing— expensessimilar to that of first-classcartography (which,
in the main, can be financed only by governments). The conventional
economies of declining costs for each additional data bit will usually
be offset by a proliferation of elaborate complexities provoked by the
interacting graphica dements. Still, a single high-density page can
replace twenty scattered posterizations, with a possible savings when
total expensesare assessed (datacollectionand analysis, design, paper,
production, printing, binding, warehousing, and shipping). And our
readers might keep that one really informative piece of paper, athough
they will surely discard those twenty posterizations.
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Redrawn from the splendid Lunar Phase
Poster (Middleburg, Virginia® Celestia
Products, 1987).

1% The posterization at | eft hardly shows
the changing moon phases; at right, how-
ever, asequence of 78 littleimages provides
agood sense of dynamics, comparison, and
context. Similarly, itissuggested that in
viewing x-ray filmsto "search areduced
image so that the whole display can be
perceived on at least one occasion without
large eye movement." Edward Llewelyn
Thomas, "Advice to the Searcher or What
Do We Tdl Them?* in Richard A. Monty
andJohn W. Senders, eds, Eye Movements
and Psychological Processes (Hillsdde, New
Jersey, 1976), p. 349.

2 In user interfaces for computers, a pro-
blem undermining information exchange
between human and software is "constant
context switches. By this we mean that the
user is not presented with one basic display
format and one uniform style of interaction,
but instead, with frequent changes: A scat-
terplot ispresent; it goesaway, andisre-
placed by a menu; the menu goes away, and
isreplaced by the scatterplot; and so on.
While the menu is present, the user cannot
seethe scatterplot, and viceversa. This
means that users constantly have to adjust
to achanging visual environment rather
than focusing on the data. The user is aso
forced to remember things seen in one view
so that he or she can use the other view ef-
fectively. Thismeansthat the user's short-
term memory is occupied with the inciden-
tals rather than with the significant issues

of analysis." Andrew W. Donoho, David
L. Donoho, and Miriam Gasko, "MacSpin:
Dynamic Graphics on a Desktop Compu-
ter,” Computer Graphics& Applications (July
1988),p. 58.



What about confusing clutter? Information overload? Doesn't data
have to be "boiled down" and "simplified"? These common questions
miss the point, for the quantity of detall is an issue completely separate
from the difficulty of reading. Clutter and confusion arefailures of design,
not attributes of information. Often the less complex and less subtle the
line, the more ambiguous and less interesting is the reading. Stripping
the detail out of datais a style based on personal preference and fashion,
considerations utterly indifferent to substantive content. What Josef
Albers wrote about typography is true for information design:

The concept that "the simpler the form of a letter the smpler its reading” was an
obsession of beginning constructivism. It became something like a dogma, and is
gill followed by "modernistic® typographers.

This notion has proved to be wrong, because in reading we do not read letters but
words, words as awhole, as a "word picture." Ophthalmology has disclosed that
the more the letters are differentiated from each other, the easier is the reading.

Without going into comparisons and the details, it should be realized that words
consisting of only capital letters present the most difficult reading— becauseof their
equal height, equal volume, and, with most, their equal width. When comparing
serif letters with sans-serif, the latter provide an uneasy reading. The fashionable
preference for sans-serif in text shows neither historical nor practical competence.”?

So much for the conventional, facile, and false equation: simpleness
of dataand design = clarity of reading. Simplenessis another aesthetic
preference, not an information display strategy, not a guide to clarity.
What we seek instead is arich texture of data, a comparative context,
an understanding of complexity revealed with an economy of means.

RobertV enturi openshisCompl exityand ContradictioninArchitecture
with a broad extension of Albers point:

| like complexity and contradiction in architecture.... | speak of a complex and
contradictory architecture based on the richness and ambiguity of modern experi-
ence, including that experience which is inherent in art. Everywhere, except in
architecture, complexity and contradiction have been acknowledged, from Godel's
proof of inconsistency in mathematics to T. S. Eliot's analysis of "difficult” poetry
and Joseph Albers definition of the paradoxical quality of painting.... Architects
can no longer afford to be intimidated by the puritanically moral language of ortho-
dox Modern architecture .... an architecture of complexity and contradiction has
a specid obligation toward the whole: its truth must be in its totality or its implica
tions of totality. It must embody the difficult unity of inclusion rather than the easy
unity of exclusion. . . . Where simplicity cannot work, simpleness results. Blatant
simplification means bland architecture. Lessis abore.*®

But, finally, the deepest reason for displays that portray complexity
and intricacy is that the worlds we seek to understand are complex and
intricate. "God is in the details," said Mies van der Rohe, capturing
the essentia quality of micro/macro performances.

MICRO / MACRO READINGS 51

12 Josef Albers, Interaction of Color (New
Haven, 1963; revised edition, 1975), p. 4.

3 Robert Venturi, Complexity and Contra-
diction in Architecture (New Y ork, 1966),
pp. 16-17.
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3 Layering and Separation

CONFU SION and clutter arefailures of design, not attributesof informa-
tion. And so the point is to find design strategies that revea detail and
complexity —ratherthan to fault the data for an excess of complication.
Or, worsg, to fault viewers for alack of understanding. Among the most
powerful devices for reducing noise and enriching the content of displays
is the technique of layering and separation, visualy stratifying various
aspects of the data.

Effective layering of information is often difficult; for every excelent
performance, a hundred clunky spectacles arise. An omnipresent, yet
subtle, designissue is involved: the various el ements collected together
on flatland interact, creating non-information patterns and texture sm-
ply through their combined presence. Josef Albers described this visua
effectas1+ 1= 3 or more, when two elements show themselves along
with assorted incidental by-products of their partnership — occasionaly
abasisfor pleasing aesthetic effects but always a continuing danger to
data exhibits.' Such patterns become dynamically obtrusive when our
displays leave the relative constancy of paper and move to the changing
video flatland of computer terminas. There, dl sorts of unplanned and
lushly cluttered interacting combinations turn up, with changing layers
of information arrayed in miscellaneous windows surrounded by a frame
of system commands and other computer administrative debris.

AT left a second color annotates the brush strokes of the caligrapher,
Uboku Nishitani. By creating a distinct layer, the red commentary
maintains detail, coherence, and serenity, in a crisp precision side-by-
sde with a gestural and expressive black line in this marriage of color
and information. The saturated quality of the red partially offsetsits
lighter value and finer line (appropriate to meticulous annotation).
Alone, each color makes a strong statement; together, a stronger one.

33

! Josef Albers, "One Plus One Equals Three
or More: Factual Facts and Actual Facts," in
Albers, Search Versus Re-Search (Hartford,
1969), pp. 17-18.

Uboku Nishitani, Koyagire Daiishu [ The
First Seed of Koyagiri], volume 17 of Shodo
Giho Koza [Techniques in Calligraphy]
(Tokyo, 1972), p. 56. Redrawn.
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Similarly, color effortlesdy differentiates between annotation and IBM Series 111 Copier | Duplicator, Adjust-
annotated, in this skillful industrial-strength diagram separating 300 'Ig‘é{’;r ‘igfﬁg‘:%gg;‘%e;fg_ogda%m
small parts and their identifying numbers.

What matters—inevitably, unrelentingly—isthe proper relationship
among information layers. These visua relationships must be in relevant
proportion and in harmony to the substance of the ideas, evidence, and
data conveyed. "Proportion and harmony" need not be vague counsdl;
their meanings are revealed in the practice of detailed visua editing of
data displays. For example, in this train timetable a heavy-handed grid
interacts with the type, generating a stripy texture and fighting with
the scheduled times. The prominent top position in the table shows the

least important information, a four-digit train identifier used by railroad NewJersey Transit, Northeastern Corridor

personnel and nobody dse: Timetable(Newark, 1985).
XM A 3 3 A3 3 3 8 A3 3 A3 ) 3 3 3

Train No. 3701]3301]3801 67 |3803 (3201 51|3703[3807|3203| 613809 47/3901)3811/3903|3813|3205|3815|3817|3819]3207| 3821/ 3823| 3825).3209| 3827| 3829|3831
AM|AM|AM |JAM.|JAM|AM |AM|AM |AM|AM|AM|AM|AM|AM|AM|AM |AM|AMIAM|AM|IAM|AM|AMIAM|AM|AM|PM|PM|PM.
New York, N.Y. 12.10[12.40| 1.30 | 3.52| 4.50| 6.10 [ 6.25| 6.35| 6.50| 7.10| 7.30| 7.33| 7.45| 7.50| 8.05| 8.25| 8.40| 8.50| 9.10| 9.40{10.10{10.25{10.40{11.10{11.40/11.50{12.10{12.40| 1.10
Newark, N.J. P 12.24[12.55| 1.44 | 4.07| 5.04| 6.24 | 6.38( 6.49| 7.04] 7.24| 7.45| 7.47| 7.59| 8.04| 8.19| 8.39| 8.54| 9.04| 9.24| 9.54{10.24|10.39|10.54(11.24]|11.54|12.04/12.24{12.54| 1.24
North Elizabeth WS [DWTRNTY (e P (DR S (I DO | e o sl e R [0l i e [ [ | e O e [ e IS (R A | e B U e e o
Elizabeth 12.31| 1.03[ 1.51|....|511]631|....[656|7.11]7.32|....|754|....]8.13| 8.26| 8.46f 9.01| 9.11| 9.3110.01/10.31{10.46{11.01]11.31{12.01[12.11]12.31| 1.01| 1.31
Linden 12.36|....[156|....1516|636(....|7.01|7.15] 7.37| ....| 7.59] ....| 8.18] 8.31] 8.51| 9.06]| ....| 9.36[10.06/10.36] ....|11.06({11.36/12.06 ....|12.36| 1.06| 1.36
North Rahway | R (TN (o ) el e Bvaok b (e o e el Do el (S e Redol [ Bl IS LRl EAEI [l ISl it Reliier | Soe o it ) (s ) (e | vt | it ol vt
Rahway 12.40| 1.11|200|....|520|6.40(....|7.06|7.20 7.42| ....| 8.03| ....| 8.24| 8.36| 8.57| 9.10| 9.18| 9.40{10.10/10.40/10.53|11.10{11.40]12.10{12.18{12.40| 1.10] 1.40
Metro Park (Iselin) 12.44] ....| 204 (426|524 ....|16.56]| 7.10(7.25] ....| 8.04|8.07| 8.15( ....| 8.40| ....| 9.14| ....| 9.44[10.14(10.44| ....[11.14[11.44[12.14] ... .|12.44] 1.14| 1.44
Metuchen 12.48) ....]1208(....|528).... ....|714]729]....]....|811|....]....| 844]|....]19.18]....| 9.48[10.18[{10.48| ....[11.18[11.48[12.18] ....|12.48] 1.18] 1.48
Edison B25TN oo | 2V Lo 5ihs smnsll oom s || wnl] TR B2 o B S S A S AR SR e O L s O I 2 T s S ey S | e
New Brunswick 12.55)....|1215(....|535(....|7.05| 721735 ....|....|8.18[8.25(....| 850|....]9.25|....| 9.54[10.25({10.54| ....|11.25[11.54[12.25| ....|12.54] 1.25| 1.54
Jersey Avenue BOLL & v LRNEL o o i niomil e | sl BB il el Bt L2 et e e Bt o et @R - S s [ 2B, ] e 2B L 032281 1D e 2B e
Princeton Jct. S s ol wovs § 2081 evs 60T L FTAOY i } 7IE0) s o] o 8341 840 (oo} 908 ... 1941 ) . 110.09]10:41111:08]) .. J11.41112.092.41] ....] 1.09] 1.41] 2.09
Trenton, N.J. v s [12/42 |14:58]16.08) v.x | 7.28] oo 180T o] 880 844|852 . |1 9:16] ... ] 1962 |10 1S]10.52]11:19] .. 11521 2.19112:52] .. .| 1-22] 1.52|§2:20




A redesign calms the dominating grid, moves the New Y ork departure
timesto the very top, de-emphasizesless important data, and adds new

information. A separating lineis formed by tiny leader dots, which read
as gray, making a distinction but not a barricade:

am @

New York, NY ............ 12.10 12.40
Newark, NoP..............12.24 12,55
North Elizabeth ..

Elizabeth .. wr2isi 1.08
Linden ...... .12.36 i
North Rahway ..o,
Rahway ~12.40 1.1

Metro Park (Iselin) .....12.44

Metuchen .....12.48
BQISON: s asesenmmasmsil 2001
New Brunswick ..........12.55
Jersey Avenue ............1.02

Princeton JunctionS ...

11101 (o1 B Y R O,
TRAIN NUMBER Czo1 as01
NOTES XM

1.30
1.44

1.51
1.56

2.04
2.08
2l

2.15
218

. 231
2,42

3801

3.52
4.07

4.50
5.04

4.26

5.50
458 6.03

- 3

67 3803

6.10
6.24

6.31
6.36

6.25
6.38

3201

k)

6.56
7.05
7.19
7.28

»=3

6.35
6.49

6.56
7.01
7.03
7.06

7.10
7.14
AT

7.21
7.28

" ar08
3

6.50
7.04

Tl
715

7.20

7.25
7.29
7.32

7.35
7.50

8.01
3807
3

7.10
7.24

.................................................................................... 7.30

7.32
7.37
7.39
7.42

3203
3

7.30
7.45

8.04

8.31
61
3

7.33
7.47

7.54
7.59
8.03
8.07
8.1
8.14
8.18
8.21

8.34
8.44

3809

7.45
7.59

8.15
8.25

8.41
8.52

47

=3

3901

7.50
8.04
8.10
8.13
8.18

8.20
8.24

8.05
8.19

8.26
8.31

8.33
8.36

8.40
8.44
8.47

8.50

9.05

9.16
381
3 3

The focusisnow given over to information, transparently organized
by an implicit typographical grid, defined smply by the absence of type.
Neverthel ess, data-impri sonment spans centuries of information-design

struggles. At right is atouchingly ramshackle grid from a1535edition

of Cosmographia. But, from the virtuoso of typographic design: "Tables
should not be set to look like nets with every number enclosed,” wrote
Jan Tschichold in Asymmetric Typography:

The setting of tables, often approached with gloom, may with careful thought
be turned into work of great pleasure. Firgt, try to do without rules altogether.
They should be used only when they are absolutely necessary. Vertical rules
are needed only when the space between columns is so narrow that mistakes
will occur in reading without rules. Tables without vertical rules look better;
thin rules are better than thick ones?

Even quite small changesinline can have significant visual effects.
For Paul Kleg's sketch, the easy and graceful separation of black line and
red commentary collapsesinto a mishmash when color and light/dark
differences are minimized:
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825 840 850 9.10 940 10.10 1025 10.40 11.10 11.40
839 854 904 924 954 1024 1039 1054 1124 11.54
8.46 9.01 9.11 9.31 10.01 10.31 1046 11.01 1131 1201
851 9.06 936 10.06 10.36 .. 1106 11.36 1206
8.54 10 e b s ] 0 o . !
8.57 9.10 9.18 9.40 10.10 1040 10.53 11.10 11.40 12.10

9.14 9.44 10.14 10.44 11.14 11.44 1214
9.18 9.48 10.18 10.48 11.18 11.48 12.18
9.21 . 1021 o 11.21 e 22
9.25 9.54 10.25 10.54 11.25 11,64 1225
9.28 . 10.28 v 11.28 .. 1228
9.41 10.09 10.41 11.09 11.41 1209 12.41
9.52 10.19 1052 11.19 11.52 1219 1252
3003 agia 3205 3815 3817 3819 3207  ago1 3823 3825
3
S, s.M. $.M. SONL LS,
Jo [ Too | 112a6]"  [2038] [30]
I o2 | Dzgz|__ a0l _J2o)
127 Jous2|” pr2.s8] 210 | 28]
BT N8 [ Jsetol __ l2n]_izi
147 11 4] Jgeq0| _ lzr.ail [26]_
Is] lzatol ™ |1ga00] i3] 25l
JoT 236 lige20] __ [2ted0] _]2¢]
7T D2 | Iqe90]  [21440] 1231
181 [3.28] 4. 5ol l21es8l_[22]
o1 T3os3 | [15e 18] 2061 |21
ol_[Zado [ [ises7 | [22014] _[20]
P I L i A )
2l lsei0] 116,13 | 122281 D8l
(31 _lsoas | et | 22351 1171
14]” (6.0 | 116, 48] [22.41] [16]
I'sT 16,25 | [17.5 | [22.47] Iis|
6l |6.s0 Ti7. 22| 122,52] 4 |
FAN AT [17.381  le2.57] [0 |
[18] 17+39 | [17.54] [23.2 | 12|
ol 183 | D8] P37zl vl
[0] "|8.27] N85 | |zw|l Illo |I“
121] |8.51 | )18, 40] 123,151 |9
Izzll lo.15 | 18,55 | |’-5"B|.IS (s
531 fo.390  ltoeo | [3v2b Iz 1
124] [10.2 | [19.23 | 23230 6]
Jzs_Jro.x [ [19.36 | 123.250]__ |5 |
J26] 10, 48] [io. 90| 23027] |41
7| ol t20,2 | (23281 j3 ]
128 (1132 Ro.ig|  [23.20] 2 |
120 (154l [20.26 | _ [23.30] 1]
l30] D216 _ J20.38] (2330 _Jo |

2 Jan Tschichold, Asymmetric Typography
(Basd, 1935; Toronto, 1967), p. 62.

Paul Klee, Symptomatic. Pen andink
drawing, 1927/F2. From Dasbildnerische

Denken (Basd, 1956),

p. 300.
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Separate macro-annotation explains the micro-detail of hospital costs Redrawn from David Hellerstein, "The
in this 26-day narrative of one person passing through an intensive care Slow, Costly Death of Mrs. K___"

it Thedesianist tto the disturbing inf ot | od Harper's, 268 (March 1984), 84-89.
unit. € desgnistransparent to the disturoing information, asalayer
polyphony of voi ces—timesequence, accounting data, commentary —
weave together to trace out days, hours, minutes, dollars.
Mrs. K has been taken to e TP Mrs. K__'s firstweek in In-
the emergency room of a re- e e it tensive Care ends in aflourish
nowned hospital on Manhat- of blood tests. She has five
; !
tan's Upper East Sde The o FETET o Chem-8s ("lab chem-8")
" " oH S
doctors "work her up. More DETAIU OF CURRENT L‘NARGES AND PAYME s 09/28 | LAB RTN 'cruNE e }ég?gg% 3243g tests that measure the levels of
09/23 | EMER RM OTHE| 119.00 09/28 | CARDIO ROU 61. H 4 q
than $200 worth of blood tests 09/23 | EHER RH LAB 2006000 | 17200 09/28 | BLD BK EROUP RH 1081902 | 28,00 sodium, potassium, and six
" " 09/23 | LAB SERDLOGV out 1406800 35.00 09/28 | BLD BK X MA 46. . .
are ordered ( emer rm lab, 09/23 | EMER RM 5007000 | 61.00 09/28 | BLD BK ANTIBDV SCRN ggﬁg: 23.00 other chemicals in her blood.
"Iw gol OUt" $232 09/23 | X=RAY ABDGHEN 1501001 58.00 09/28 | X-RAY CHEST-BED 74.00 .
ogy 09/23 | X-RAY CHEST RTN 1501009 58.00 09/28 | X-RAY CHEST-BED 1501128 74.00
). 09/23 | X-RAY CHEST RTN 1501009 | 58.00 09728 PHARMACY 2601000 | 11.00 The hospital charges Mrs.
worth of X-rays taken, $97.50 09/23 | X-RAY CHEST RTN 1501009 | 58.00 09/28 [ PHAR IV SOLUTIONS 2601003 | 13.50 -
' or eacl em
. . b 09723 PHARMACY 2601000 2.25 09/28 | PHAR IV SOLUTIONS 2601003 50.00 —_— .
worth of drugs administered. | 09723 | EneR R PHARMACY 5002000 | 46.00 05728 PHARMACY 2601000 | 370 Most independent labs charge
/ cY - 09/ .
500.00 PHARMACY 2601000 9.00 .
never saw Mrs. K_____, she arat | bra UTIOC BLOOD CT 1402101 | 17.00 be)5e PHARMACY 2601000 | 13.50 about half as much; some hos-
ggjgz # g A ACT LPAR THROM 1404001 27.00 0; gg EST ANEST DRUGS 1103001 12.40
'+ 1 - - 09/ AN . H
wasn't in my hospital, | don't 09/54| CAB  PROTH DETER 14040111 17:00 09728 | INWAL RESPIRATOR 2102015 | 11900 pitals charge up to $60. The
H H 09/24 | LAB BLOOD CULT .00 09/28 | OPER OP RM SUPPLY 10 198.00 .
know her medical history. But 03724 | LAB  BLOGD CULT 1403002 | 3700 09728 | SUCT mACHINE-CONT 2704015 | z2.00 New England Journal of Medi-
- . 8| DIAL SOLN - g =
I am adoctor, and can recon- 09/24 | SPHEH CBC 1602010 | 26100 05735 | ThAAL BLOoD &ks HoNT 3101034 354100 cine has said: "The dlinical lab-
: i Urves| SP HEB RETEE BT xel 09/29 | LAB CHEM-8 1401111 | 31.00 .
09/24 | SP HEM PLATELET CT 1602090 17.00 - H i H
siruct from her hospital bill | erss ) s ten ST G dedieRg | 0t oiEs) e ek remlet| 3168 | oratory [ig aconvenient profit
/24 | LAB MAGNES .00
what is going on, more or |ess. 09/24 | LAB RTN URINAL 1403001 | 16.00 e An0ena 313,00 center that can be used to sup-
. A . 09/29| LAB DIAG SM/MILL 1407002 40.00
She is sick, very sick. g5t BADnETA ew NSNS SEI LMD MO RO weziel | 172 | port unrelated deficit-produc-
03/22 LAB _RTN CULT ;:g;gg; ?;gg 09/29| LAB DIFF 1402099 | 15.00 : hospital operations"” The
09/2 LAB DIFF o
09/24 | LAB  PROT ELEC 1401049 | 53.00 83553 '[:S 2%;:Anvcw TROUG ugﬁgg ;gﬁgg ng P p - .
Mrs. K has been moved S R 1405008 | 33:00  Dg/zP| LA SP FL GELL GT 1402013 | 26.00 Annds of Internal Medicine esti-
— . 09/29 | LAB CHEM~- 31.00
H H 09/24 | LAB TBC CULT 1405014 42.00 - 1111 ini-
to the Intensive Care Unit 09/24 | LAB DIFF 1402099 | 15.00 RN S meates that the number of clini
09/24 | LAB AUTO BLOOD CT 1402101 17.00 a H S
("room ICU"). It costs $500 a 09/24 | K-RAY GHEST-BED 1301128 | T4l00 S e Sl e cal lab testsbeing doneisrising
day to stay in the ICU, base 09724 PHARMACY 2s0m000 | 'slo0  oo723 bAR VARG 1407003 | 33100 15 percent ayear.
X . h H h i PHAREASY 26100 E~gg 09/29| LAB _ FIBRIN QUAN _ 1404007 | 40.00
rate. Californiahes the highest | 6730 specn WU rene 3700035 | 5138 S5730) 118 Co% LM G JHGHEE | 4958
1 09/24 | SPECIMEN MUCUS TRAP 090 .
average ICU rates in the coun- 09724 | INHAL BLOOD GAS MONT 2101034 | 354.00 o L LU b i Mrs. K has started peri-
try: $632aday InMississippi gg;;; tggn é:EICVLATE 1401050 sgg.gg re ek R };8232% 2700 . fe A : :
the average is $265. |CUSW€fé 09/25 | LAB  AMMONIA 1‘°1°gf 32:80 83;;; :I[: Si :::‘;NA?(E;E 1701028 ;gﬁgg tonesl dlalyss( dlal'pe”dklt
3 09/25 | LAB CHEM-20 14011 .00 - » . .
« | h 09/25 | LAB PROTH DETER ugaoﬂ ;:Ago 83553 § ::y iBE,,LESE" }23233? 23_88 87110"). Her kldneys arefail-
%S 09/25 | LAB CHEM-8 1401111 .00 C 2601000 13.50 A H H
developed in the 1960s. They 09725 |Lhe | BAGTERIA oW 14030111 16:00 03/ PHARMACY 2601000 | 11:00 ing. She is still hooked up to
- ’ IONS 2601003 : f ) .
provide technological life-sup 89728 | LAs Aurg Sioo ef ngZier| 118 0730 MM Badmicy 5601060 | 39700 the respirator. She is being
09/25 | LAB c o . A 2601000 3.70 .
port Syiemsmd alow for ex- 09/25 | LAB  TBC CULT 1405014 | 42.00 83;%3 ISOLAHVOMNARGHL;VVES-BOX 2709025 7.00 kept alive by what Lewis
traordinary patient monitor- 0953 [LAB  Fokeus Wosaoalinat-ops 07 ZELMER R EOHIERATEITO o petne N ao it "
. 09/ EEL-ELBOW PRO 5
. . : 09/25 | LAB  RTN CULT 1405003 | 37.00 09729 EAL-RERTD Kbt E7196 croeciE 14,00 —I Thomas calls halfway tech-
1ng. An inhalation blood-gas 09/25| LAB  RTN CULT 1405003 | 37.00 09/29| DIAL SOLN 1.5 CASE 2709040 | 24.00 logies’ "half " becall
. - 09/25 | CARDIO ROUTINE EKG 1801001 | 61.00 09/29 | SPECIMEN MUCUS TRAP 2709085 3.00 nologi —_— way Ise
monitor ("inhal blood gas | el b e BOHED GBS SE WA SUSS f HOW SIIH 208 | kidney dialysis machines and
" i 3 09/25 | X=RAY CHEST=BED 1501128 74:0D 09/29| INHAL BLOOD GAS MONT 2101034 3510:00 .
T o oo Xoene | sy R dhisR g s fe e D SO B | respirators can support organ
dose chack on the amount of | sl Himn o) sE ) b s B 3% | systems for long periods of
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58 ENVISIONING INFORMATION

All elementsin the map at right— contours, rivers, roads, names— are
at the same visua level with equal values, equa texture, equal color, and
even nearly equal shape. An undifferentiated, unlayered surface results,
jumbled up, blurry, incoherent, chaotic with unintentional optical art.
What we have here is a failure to communicate.

Far more detailed than the perfectjumble, this map below separates
and layers information by means of distinctions in shape, value (light to
dark), size, and especialy color. The negative areas are dso informative;

light strips formed by the grid of buildings identify roads and paths. The
water symbol is a blue field, further differentiated from other color fields
by a gentle fading away from each outlined edge. Shown against a dull
background rather than bright white, these colors remain both calm and
distinctive, avoiding clutter. The map exemplifies the "first rule of color
composition” of the illustrious Swiss cartographer, Eduard |mhof:

Pure, bright or very strong colors have loud, unbearable effects when they stand
unrelieved over large areas adjacent to each other, but extraordinary effects can
be achieved when they are used sparingly on or between dull background tones.
"Noise is not music . . . only on a quiet background can a colorful theme be con-

structed,” claims Windisch.®
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Simla, India (U.S. Army map series U 502,
NH 43-4, 1954), based on the Survey of
India, 1921-1943.

Tokyo Prefecture. Musashino, Ueno Park,
Kurumazakaarea(Tokyo, 1884).

® Eduard Imhof, Cartographic Relief Presenta-
tion (Berlin, 1982), edited and translated by
H.J. StewardfromImhof'sKartographische
Gelandedarstellung (Berlin, 1965), p. 72. The
internal quotation isfrom H. Windisch,
Schule der Farbenphotographie (Scebruck, 6th
edition, 1958).



LAYERING AND SEPARATION 59

Signal and background compete above, as an electrocardiogram trace-
line becomes caught up in athick grid. Below, the screened-down grid
stays behind traces from each of 12 monitoring leads:*

VWWMWPWWWWWWWMMMWWWMWW/
”W”WWUM%WMWW/WMWMMMM

Similarly for music notation, some staff paper is better than others:

In Stravinsky'ssketchbook for Sacredu printemps, agrid quietly but
clearly and precisdly locates the music. Gray grids almost alwayswork
well and, with a delicate line, may promote more accurate data reading

4 The preferred example is redrawn from
J. Marcus Wharton and Nora Goldschlager,
Interpreting Cardiac Dysrhythmias (Oradell,
New Jersey, 1987), p. 123. Color dso layers,
as a gray grid cdibrates this signal of ven-
tricular fibrillation, a final collapse of the

heart, with only a disorganized rhythm re-
maining. A similar trace can result from
recording artifacts such as aloose monitor-
ing wire; however, one textbook dryly
notes, "As the patient will usualy have lost
consciousness by the time you have redlized
that it is notjust due to aloose connection,
diagnosisis easy.” John R. Hampton, The
ECG Made Easy (Edinburgh, 1986), p. 66.

and recongtruction than a heavy grid. Dark grid lines are chartjunk.
When a graphic serves as a look-up table (rare indeed), then a grid may
help with reading and interpolation. But even then the grid should be
muted relative to the data. Often ready-made graph paper comes with
darkly printed lines. The reverse imprinted side should be used, for then
lines show through faintly and do not clutter the data. If the paper is
heavily gridded on both sides, throw it out.

Igor Strawinsky, Sacre-Skizzenbuch, p. 135,
top; Paul Sacher Stiftung, Kunstmuseum
Basdl, and in Hans Oesch, "Im Schatten des
SacreduprintempsBeobachtungen zuden
Trois poesies de lalyriquejaponaise, einem
Schllisselwerk von Igor Strawinsky," Kom-
ponisten des 20..Jahrhundertsin der Paul Sacher
Siftung (Basdl, 1986), p. 100.



60 ENVISIONING INFORMATION

In the masterly 1748 Nolli map of Rome, the river's heavy inking
activates what should be avisually tranquil area, causing bridge names
and alittle boat to vibrate in a moire prison, albeit a quiet one. Muting
the river encoding calms vibration and brings names and other details
forward, while retaining a symbolism of rippling water.® This redesign
and others that we have seen are visua equivalents of Italo Calvino's
approach to writing:

My working method has more often than not involved the subtraction of weight.

| have tried to remove weight, sometimes from people, sometimes from heavenly
bodies, sometimes from cities, above dl | have tried to remove weight from the
structure of stories and from language. . . . Maybe | was only then becoming aware
of the weight, the inertia, the opacity of theworld — qualitiesthat stick to writing
from the start, unless one finds some way of evading them.®

Layering of data, often achieved by felicitous subtraction of weight,
enhances representation of both data dimensionality and density on
flatland. Usually thisinvolves creating ahierarchy of visual effects,
possibly matching an ordering of information content. Small, modest
design moves can yield decisive visual results, as in theseintriguing
demonstrations of the illusory borders of subjective contours:

ke Nyt e
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5 Giambattista Nolli, PiantaGrandedi Roma
(Rome, 1748; from afacsimile edition by J.
H. Aronson, Highmount, New York, 1984).
Note the seemingly English word "or" in
the names under the bridge, aresult of the
18th-century custom of contracting the
Italian ora, meaning now, at thistime, cur-
rently. On his map, Nolli citesfirst the old
name Ponte Gianicolo or[a] Ponte Ssto (the
bridge's new name). Ironically, the English
"or" worksin this context, although the
meaning isnot quiteright. See Barbara
Reynolds, The Cambridge Italian Dictionary,
Italian-English(Cambridge, 1962), p. 521.

6 Italo Calvino, Sx Memosfor the Next
Millennium (Cambridge, 1988), pp. 3-4.

Gaetano Kanizsa, "Contours without Gra-
dients or Cognitive Contours?' ItalianJour-
nal of Psychology, 1 (April 1974), 93-112; and
Gaetano Kanizsa, "Subjective Contours,"”
ScientificAmerican, 234 (April 1976),48-52.
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Visua activation of negative areas of white space in these exhibits
illustrates the endlessly contextual and interactive nature ofvisual elements.
Thisideais captured in a fundamental principle of information design:
1+ 1= 3or more. Inthe smplest case, when we draw two black lines,
athird visual activity results, a bright white path between hues (note
that this path appears even to have an angled end). And a complexity

ANNNNNNNNNN

Keith Haring, Untitled 4/29/82, sumi ink
of marks generates an exponential complexity of negative shapes. Most on paper. © 1992 Estate of Keith Haring.

ofthe time, that surplus visual activity is non-information, noise, and clutter.’ 7 Rare exceptions are the Turgot-Bretez
Thistwo-steplogic—recognitionof 1+ 1 = 3 effectsand the consderas  map of Paris and the Nolli map of Rome:

tion that they generatenoise— providesa valuable guide for refining i;ﬁi a:ﬁ;gg@i?ﬁ&i;ﬁﬁ%

and editing designs, for graphical reasoning, for subtraction of weight.® ink of blocks and buildings, creating subjec-
In alittle-known essay on 1 + 1 = 3 effects, Josef Albers conducts the Ve contours.

demonstrations below, a visually sensitive and artistic approach to the 8 Note the additional 1 + 1 = 3 effects, on
cognitive contours of perceptual psychologists. Albers, seeing area and this page, as the interaction between the
surface rather than border and edge, escapes the preoccupying magic of ~ SX@mplesand the surrounding type enlivens

the white space, forming shapes, profiles,
optical illusons to conceive a broad idea of negative space activation: and paths. These reverberations are vivid
because our examples are printed in black;
strong light/ dark contrasts accentuate the
clutter of 1+ 1 = 3 or more.

Here I have 2 equal strips of cardboard (1”7 x 6”)

Here is one (vertical), here another (also vertical).
Seeing one strip plus one strip, we count 2 strips: "

1l

1+1=2.

We recognize the equal width of the strips.
Now, 1 width + 1 width (strips touching)

equals 2 widths: 1+ 1 =2,
But now, separating them (both remain vertical) +
by 1 width — we count 3 widths

(one of them negative) : 1 + 1 = 3.

1l

Of the 2 vertical strips,

one crosses the other horizontally

in their centers.

Result: 2 lines form a crossing

thus producing 4 arms, as 4 extensions,

to be read inward as well as outward.

We also see 4 rectangles, and with some imagination,
4 triangles, 4 squares.

By shifting centers and angles,

arms and the in-between figures become unequal.

All together: one line plus one line

Josef Albers, "One Plus One Equals Three
or More: Factual Facts and Actua Facts" in
results in many meanings — Quod erat demonstrandum. : Albers, Search Veersus Re-Search (Hartford

1969), pp. 17-18.
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Stumbling over 1 + 1 = 3 has produced perhaps the worst index ever
designed, arare perfect failure. The preface to this guide for flying small
aircraft says, "This manual is primarily intended for use during actual
flight instruction." Imagine now noisy vibration in a plane as we search
through this visually vibrating list, looking for, say, an entry on "forced
landing" ... and the index turns out to have no page numbers. Only a
small segment of the unbearable original is shown.

Thenoiseof 1+ 1 = 3 isdirectly proportional to the contrast in value
(light/dark) between figure and ground. On white backgrounds, there-
fore, avarying range of lighter colors will minimize incidental clutter.
Three maps at right show these tactics in action. In the first, the bold
shapes promote vibration al over; and with only nameless streets down
on paper, this map is aready in visua trouble. At center, thinning two
sides of each block resultsin every street bordered by one thick and one
thin ling, thus deflecting 1 + 1 = 3 effects(the thin lines, like gray lines,
arevisually light in value). On the bottom map, gray establishes serene,
motionless edges - an arrangement that will easily accommodate addi-
tional geographic detail.

Careful visua editing diminishes 1 + 1 = 3 clutter. These are not
trivial cosmetic matters, for signa enhancement through noise reduc-
tion can reduce viewer fatigue as well asimprove accuracy of readings
from a computer interface, a flight-control display, or amedical instru-
ment. Clarity is not everything, but there is little without it. Editing
this statistical graph (showing variability about local averages) remedies
thevisual clutter induced by parallel lines and equal-width white bands.
The redesign, at far right, sweeps the noise away, with color spots now
smartly tracking the path of averages.

Harmonizing text and line-drawing requires sensitive appraisal s of
prolific interaction effects. Unless deliberate obscurity is sought, avoid
surrounding words by little boxes, which activate negative white spaces

SURGEON GENERAL'S WARNING: SMOKING CAUSES LUNG CANCER
HEART DISEASE, EMPHYSEMA, AND MAY COMPLICATE PREGNANCY

between word and box. And below, the first three maps place the type
poorly, with an awkward white stripe materializing between name and
river. Type from above adjusts to graphics better, in part because most
words have fewer descenders than ascenders (in map 3, a diverting white
shapeis formed by the ascending letters).? These small local details will
promptly accumulate on the entire map surface, deciding quality.

poor poor poor good

CROSSWIND TAKEOFF

THE SLIP
CROSSWIND LANDINGS

SHORT FIELD TAKE OFF & LANDING
SOFT FIELD TAKE OFF & LANDING

FORCED LANDING
720 POWER TURNS
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Middle map above, student project by Jon
Wertheimer, Studies in Graphic Design,
Yale University, 1985-1986.

John W. Tukey, Exploratory Data Analysis
(Reading, Massachusetts, 1977), p. 269; and,
right, Edward R. Tufte, The Visual Display
of Quantitative Information (Cheshire, Con-
necticut, 1983), p. 125.

® Eduard Imhof, "Die Anordnung der Na-
men in der Karte," International Yearbook of
Cartography, 2(1962),93-129; and,inEnglish
tranglation, "Positioning Names on Maps,"
TheAmerican Cartographer, 2(1975), 128-144;
showing here 4 of Imhof's total of 106 ex-
amples! Also, Paul Buhler, "Schriftformen
und Schrifterstellung unter besonderer
Berticksichtigung der schweizerischen to-
pographischen Kartenwerke," International
Yearbookof Cartography, 1(1961), 153-181.
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PROCEED;
WATCH SIGNALS

PROCEED to
NEXT SIGNALMAN

i ]

THIS WAY TURN LEFT MOVE AHEAD

5 - oy
Ny, || e
SLOW DOWN
STOP START ENGINES INSERT CHOCKS PULL CHOCKS CUT ENGINES SLOW DOWN LEFT ENGINES

This array above, an information prison, employs a narrow range of
strong shapes. Grid, silhouette, and type compete at the same nervous
visua level. Too loud and too similar. Thick bars of grid boxes generate
little paths around both type and silhouette by exciting the negative
white space: 1 + 1 = 3, dl over again. Why should the trivia task of
dividing up the already free-standing e ements become the dominant
statement of the entire display?

To direct attention toward the information at hand, the revision 10 w1t onelimits strona. heavy. fich. and
below extends the light to dark range of color, separating and layering lid oolorato theanall arescof oxtremes,
the data in rough proportion to their relevance. Gray calms a contrasty then expressive and beautiful colored area
silhouette, bringing about in turn more emphasis on the lamps and their ~ Patterns occur... Largeareabackgroundor

- . . . . base-colors do their work most quietly, a-
position and motion. Coloring these lights helps to separate the signals lowing the smaller, bright areasto stand out
from al the rest. Some 460 lamp-whiskers were erased, whiskers which most vividly, if the former are muted, gray-
originaly read in confusion as glowing light and also trembling motion. 'F“:gigSregiéﬂEg%ggllimhf;ég)?réggzp:rzg
Note the effectiveness and elegance of small spots of intense, saturated color translated by H. J. Steward from Imhof's
for carryinginformation— adesign secret of classical cartography® and, ~ KartographischeGelandedar stellung(Berlin,

L . . . - 1965), p. 72. On visua issues and map-
for that matter, of trafficlights. Findly, in our revised version, the type maki)ng, see essaysby Samuel Y.Edgoerton’

for the title (upper left corner) has emerged from its foggy closet. Also Jr., SvetlanaAlpers, Juergen Schulz, Ulla
the labels, now st in Gill Sans, are no longer equal in visual weight to Ehrensvérd, JamesA. Welu, and David
_S’ 9 _eq ) 9 Woodward, in Woodward, ed., Art and
the motion arrows, among several typographical refinements. Cartography (Chicago, 1987).
MARSHALLING A
SIGNALS
@ @ @ [ ] i\ /Q @ /¥ [ ] 4\
PROCEED; PROCEED TO
WATCH SIGNALS THIS WAY NEXT SIGNALMAN TURN LEFT TURN RIGHT MOVE AHEAD
'a )

] o @ e O o i
N V4 1+ 4 g
v ¥ 2
SLOW DOWN
STOP START ENGINES INSERT CHOCKS PULL CHOCKS CUT ENGINES SLOW DOWN LEFT ENGINES
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In the statistical graphic at top, the visualy most active elements are,
of dl things, glowing optical white dots that appear at each intersection
of grid hues. (The arrangement of many computer interfacesis similarly
overwrought.) The doubled-up, tremor-inducing lines consume 18 per-
cent of this technically ingenious chart, a multi-window plot. Here the
redrawing, in ungrid style, eliminates the visual noise, concentrating our
viewer's atention on data rather than data containers.

Too often epidemics of data-imprisonment and decorative gridding
break out when contemporary commercia designers are faced with
information. The aggressive visua presence of stylized grids, little boxes
surrounding words here and there, and cadencedaccents—all so empty
of content, irrelevant — becomesthe only way you can tell if something
has been "designed”. At any rate, the self-important grid is for the birds,
providing only a nice place to perch:
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Paul A. Tukey andJohn W. Tukey, "Data-
Driven View Selection; Agglomeration and
Sharpening," inVic Barnett, ed., Interpreting
Multivariate Data (Chichester, England, 1981),
pp. 231-232; and Edward R. Tufte, The Visual
Display of Quantitative Information (Cheshire,
Connecticut, 1983), p. 114.

Dioscorides (Constantinopolitanus), De ma-
teria medica, 6th century, ca512 A.D., fol.
483. Illumination on vellum, Vienna
osterreichische Nationalbibliothek, Cod.
Med. Gr. I.
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INFORMATION congdts of differences that make a difference. A fruitful
method for the enforcement of such differencesisto layer and separate
data, much asis done on ahigh-density map. In representing various
layers of meaning and reading, the most economical of means can yield
distinctions that make a difference: the small gestures of Calder's pen

easily separate the stag and his watery reflection. Failure to differentiate &S

among layers of reading leads to cluttered and incoherent displays filled 3 / [ J,\z

with disinformation, generated by the unrelenting interactive visual 7 \

arithmetic of flatland, 1+ 1 = 3 or more. \ /
All these ideass—figureand ground, interaction effects, 1 + 1 = 3

or more, layering and separation - have compelling consequences for

information displays. Such concepts (operating under an assortment

of names) are thoroughly tested, long familiar the world over in the

flatlands of typographers, calligraphers, graphic designers, illustrators,
artists, and, inthreedimensions, architects:

In every clear concept of the nature of vision and in every healthy approach to the
spatial world, this dynamic unity of figure and background has been clearly under-
stood. Lao Tse showed such grasp when he said: "A vessd is useful only through
its emptiness. It is the space opened in awall that serves as awindow. Thusit isthe
nonexistent in things which makes them serviceable." Eastern visual culture has a
deep understanding of the role of empty space in the image. Chinese and Japanese
painters have the admirable courage to leave empty large paths of their picture —
surface so that the surface is divided into unequal intervals which, through their
spacing, force the eye of the spectator to movements of varying velocity in follow-
ing up relationships, and thus create the unity by the greatest possible variation of
surface. Chinese and Japanese calligraphy aso have a sound respect for the white
interval. Characters are written in imaginary squares, the blank areas of which are
given as much consideration as the graphic units, the strokes. Written or printed
communications are living or dead depending upon the organization of their blank
spaces. A single character gains clarity and meaning by an orderly relationship of

among respective background units, the clearer becomes the comprehension of a

Fables of Aesop, According to Sr Roger

. . . o L'Estrange with drawings by Alexander Calder
the space background which surrounds it. The greater the variety and distinction (Paris, 1931; New Y ork, 1967), p. 1.

65

character as an individual expression or sign.** 1 Gyorgy Kepes, TheLanguageofVision

(Chicago, 1948).
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4  Small Multiples

IN this splendid 1659 drawing by Christiaan Huygens, the inner elipse Christiaan Huygens, Systema Saturnium

traces Earth's yearly journey around the Sun; the larger dlipse shows (The Hague, 1659), p. 55.

Saturn's orbit, viewed from the heavens. The outermost images depict

Saturn as seen through telescopes located on Earth. All told, we have

32 Saturns, at different locationsin three-space and from the perspective

of two differentobservers—asuperior small multiple design.
At the heart of quantitative reasoning is a single question: Compared

to what? Small multiple designs, multivariate and data bountiful, answer

directly by visualy enforcing comparisons of changes, of the differences

among objects, of the scope of aternatives. For a wide range of problems

in data presentation, small multiples are the best design solution. A. Ghizzo, B. Izrar, P. Betrand, E. Fijalkow,
Illustrations of postage-stamp size areindexed by category or alabel, M. R. Feix, and M. Shoucri, "Stability of

sequenced over time like the frames of a movie, or ordered by a quanti- ~ Bernstein-Greene-Kruskal Masma Equilib-
. . . . . . . j ria- Numerical Experiments Over aLong

tative variable not used in the singleimage itself. Information dices are Time" Physicsof Fluids, 31 (January 1988),

positioned within the eyespan, so that viewers make comparisons at a 72-82. Viewing these illustrations upside

. . . . down turns the mountains into valeys.
glance — uninterrupted visud reasoning. Constancy of design puts the Note also the two-space contour plots to

emphasis on changesin data, not changesin data frames. the right of the three-space perspectives.
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D ] D 1 D B Rules and Regulationsfor the Government of
B‘ m |E‘ ﬂ ‘IE” Employees of the Operating Department ofthe

‘ | | =ik i Hudson & Manhattan Railroad Company,
Effective October 1st, 1923 (New York, 1923),

p. 21. Redrawn.
.
FORWARD END OF FORWARD END OF FORWARD END OF TRAIN
LOCAL TRAIN EXPRESS TRAIN HOBOKEN-33RD ST.
HOBOKEN-HUDSON TERM HOBOKEN-HUDSON TERM
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SMALL multiplesreveal, al at once, a scope of alternatives, arange of X N\'\ X 3“::
options. Above, varying signal lights on the ends of a train are entabled %J ,-'93' = *L)

in a rulebook for railroad employees. Our redrawing mutes the repeated
train outline and brings forward differentiating colors.
At far right, these photographs capture pressure, direction, and speed Atright, Kayu Hirata, Tsugi Shiki Shi,

. . . . volume 25 of Shodo Giho Koza [Techniques
of the calligraphic brush as it draws a single Kana character. Images are in Calligraphy] (Tokyo, 1974), p. 30. Above,

indexed by time (-) and by dual camera angle( t). The paired series of without the aid of film, Mercator shows a

i similar sequence, the proper ordering of
photographs link hand, brush, and cha.racter (top row). The %copd row atrokes i the formation of capital Ietters.
shows pressure and bend of the brush-tip - and the consequent width of Gerardus Mercator, Literarum Latinarum,

line. The sequence has a magical quality, reflecting a remark of Garry quas It?;cas currlzria;squi'vocir:t, Lscrt!belnefitarum
Winogrand, the photographer: "There is nothing as mysterious as afact 2o [The method ohwriting the Lafin [eters,

which are called italic andcursive] (Louvain,
clearly described." 1540), chapter 6.
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MURAL WITH BLUE BRUSHSTROKE

To make Mural with Blue Brushstroke,

D ! . BB
Lichtenstein drew on sources ranging 1. Detail of The Dance 2. Facade, Library of
from the most exalted to the most by Fernand Léger Celsus, Ephesus

banal. Classical architecture (2, 14)
provided inspiration, as did the site
itself (8, where painted windows align
with real ones). Homages to twentieth-
century masters abound: Léger’s
people (1), Kelly’s color fields (6),
Matisse’s split philodendron form (9),

Arp’s silhouettes (10, echoed in a 7. Ad for Elgin watches, 8. Detail of the mural 9. Henri Matisse,
1950s : in place at Equitable - Music, 1939

piece of Swiss cheese), De Kooning’s :
brushstrokes (12), Stella’s triangles :.....................::::f::::::::Z:’:::II:::::::::::
and French curves (15), Johnss

flagstones (16), and Braque’s balusters

(20). Art styles—like Abstract

Expressionism (11, 12, and 13, the 4/@%
latter with its “perfect painting”), 1 /%///{/é
Cubism (20), and Art Deco (21)—and . /,/%""""" "

artist’s tools (4, 5, and 15) appear. 13. Roy Lichtenstein, Artists Studio - 14. Entablature on downtown
. . 3 —rFoot Medication, 1974 : New York building
And bustling around amid all this :

high culture are images of everyday RS

modern life, those perennial sources of

fascination to Lichtenstein: sunbursts

COMPOSITION

(3), copy books (17), advertisements
(7), food and drink (10, 18), and, of

course, comic strips (19).

17. Classic black-and- 18. Roy Lichtenstein, 19. Roy Lichtenstein,

white composition Still Life with Red Knock Knock, 1961
book Wine, 1972

Roy Lichtenstein created "Mural with Blue Brushstroke" for the
lobby of a building in New York. The large painting contains allusions
to other works by Lichtenstein as well as many quotations (some a bit
vaporous) from other artists. For a book describing the mural, Samuel



3. Roy Lichtenstein, Placid Sea, : : 4. A gilded picture frame ! 5.Theback of a © 6. Ellsworth Kelly, Red Blue

1964 = e o - painting, showing . Green, 1963
She g Gﬁ%’?:' . canvas, stretcher, -
"""""" i Lo i e

10. Jean Arp, Six
White Forms and One
Gray Form Make a
Constellation on

a Blue Ground, 1953

1977

20. Georges Braque, The
Baluster, 1938

Antupit (who was aso responsible for the annotated invoice from the
hospital) crafted this superb double-page spread, linking 21 small images
from various sources to the mural at center. This design both isolates
detail and places it in context.

11. Roy Lichtenstein, Big 12. Willem de Kooning,
Painting, 1965 Greece on Sth Avenue, 1958

1976

21. Art Deco tray, designer and
manufacturer unknown

Roy Lichtenstein: Mural with Blue Brushstroke,
essay by Cavin Tomkins, photographs and
interview by Bob Adelman (New Y ork,
1988), pp. 30-31.
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Isaac Greenwood, 1730 ' Job Gardner, 1812

James Winthrop, 1788 Henry R. Schoolcraft, 1854



WITH figures and pictographs chipped into stone, the Dighton Writing
Rock dts near the Taunton River in southeastern Massachusetts. From
1680 onwards, observers sketched the inscriptions, with divergent results.
Same rock, different views, arrayed here in a comparative small multiple.
Some of these uncertain drawings, when sent off to European scholars,
were then converted into far-reaching historical discoveries of startling
visits to the New World. One researcher "triumphantly established" the
marks as Scythian; a distinguished Orientalist detected the word melek
(king) on therock; othersthought they saw Phoenician or Runic script.
A Scandinavian antiquary translated the drawings into an account of a
pre-Columbian sojourn to America by a party of Thorfinn the Hopeful.
Since the writing resembles that on the Indian God Rock hundreds of
miles southwest, such logic places the Vikings far inland, deep into what
isnow West Virginia and Ohio. All this scholarship of wishful thinking
denies priority to the original Native-American residents; local experts
conclude that the marks are Algonquin.*

A focused small multiple, below, shows the history of variationsin
the ghost-like figure, enforcing comparisons over time (the ghosts even
could be spaced in proportion to the date they were drawn):

SMALL MULTIPLES 73

! Charles Christian Rafn, Antiquités Améri-
caines d'aprés les Monuments Historiques des
Idandais et des Anciens Scandinaves (Copen-
hagen, 1845); Henry R. Schoolcraft, Infor-
mation Respecting the History, Condition, and
Prospects of the Indian Tribes of the United
Sates, Part |V (Philadelphia, 1854), plate 14.
Garrick Mallery, "Picture-Writing of the
American Indians," in Tenth Annual Report
of the Bureau of Ethnology of the Secretary of
the Smithsonian Institution, 1888-89 (Washing-
ton, D.C., 1893), 762-764, and plate L1V;
redrawn. John Michell, Megalithomania
(Ithaca, New Y ork, 1982), p. 145, on loca
expert opinion. Other instances of diver-
gent interprétations of ambiguous visual
signaisinclude variabl e readings of thefl cor
plan of San Carlo ale Quattro Fontane in
Rome; see Rudolf Arnheim, New Essays on
the Psychology of Art (Berkeley, 1986), pp.
301-309; and Leo Steinberg, Borromini's San
Carlo alle Quattro Fontane (New Y ork,

1977). The melancholy history of the canas
of Mars seen by Schigparelli and Lowell is
documented in William Sheehan, Planets and
Perception: Telescopic Views and Interpretations,
1609-1901) (Tucson, Arizona, 1988).
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DURING thelast 1,260 yearsin China, where did poetsflourish? How
many poets? And have their birthplaces changed over the years? Four

maps, based on an inherently imperfect historical record, address these
prominent questions.

Redrawn from Chen Cheng-Siang,
/ An Historical and Cultural Atlas of China
(Tokyo, 1981), maps 36, 50, 62, and 82.

B R 2 B AL 9

Birthplaces of the 2,625 Tang poets,
618-907

Birthplaces of the 2,377 Sung poets,
969-1279
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Shown is the geographic distribution of poets (grand total 10,086) during
four dynasties, with their birthplaces shifting through centuries toward
southeast China and concentrating—asis the case for so much human
activity—inarelatively few areas.

BA 1% = 27 A

C/

J Birthplaces of the 3,005 Ming poets,

0 500 Km .:;
g | 1368-1644

AR XA Q / |

Birthplaces of the 2,079 Ching poets,
1644-1911
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15i8R (X5E) 2

And, finally, a map of distribution of temples of Matsu (T'ien Hou),
the most famous sea goddess of China. With a sterling reputation for
miracles, she receives prayers of fishermen and sailors during stormy
weather; and when the seais as dark as ink, she provides atorch on the
top of the mast to guide small boats to safety. In recent times, the story
goes, one mother (an alleged descendant of the goddess) left her child at
a temple while going to work on the farm, saying "Sea Goddess, please
take heed." Matsu's reaction to supervising a day-care facility was not
recorded. Our display here, growing from surpassingly incomplete data,
marks prefectures with a temple honoring Matsu.? But we are unable
to make the long-awaited comparisons among geographic distributions
of sea-goddess temples and birthplaces of Tang, Sung, Ming, and Ching
poets—becausethe poets are stranded over on the two preceding pages.
Comparisons must be enforced within the scope ofthe eyespan, a fundamental
point occasiondly forgotten in practice.

The struggle between maintenance of context and enforcement of
comparison is reflected in a 19th-century topographic diagram at right.
Surveying lengths of the world's rivers, the chart hangs them out, in
paralel more or less, while still retaining specifics of place-names, lakes,
and river branches. Note the various sequences of lakes, here linearly
arranged. Without such detail, thisisjust another decorated bar chart.
Some ardent typography sets oceans rippling at top. Thejuxtaposed
mountains are less successful, too arbitrary in their relocation, and too
dylized and lacking the nice locd particulars of the rivers.

Redrawn from Chen Cheng-Siang,
An Historical and Cultural Atlas of China
(Tokyo, 1981), map 91.

2 A recent account isby James L. Watson,
"Standardizing the Gods: The Promotion of
T'ien Hou ("Empress of Heaven’) Along the
South China Coast, 960-1960," in David
Johnson, Andrew J. Nathan, and Evelyn S.
Rawski, eds, Popular Culture in Late Imperial
China (Berkeley, 1985), 292-324.

Tach'eng Ch'eng, Ma-tsu chuan (Taipei,
1955), illustration 29.

Joseph Hutchins Colton, Johnson'sNew
Illustrated Family Atlas with Physical
Geography . . . (New York, 1864), pp. 10-11.
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Simultaneous two-dimensional indexing of the multiplied image,
flatland within flatland, significantly deepens displays, with little added
complication in reading. These neurometric maps record distributions
of brain electrical activity, arraying data over a matrix of color images —
with frequency bands (delta, theta, apha, and beta) sorting the columns,
and individual diagnosis forming the rows. The contour lines depict only
the average differences (normalized z-scores) of the row group compared
to ahealthy referencegroup, and thus do not show overlaps or extreme
outlying values of al the individual members of each group.® Graphically,
this recursive design resembles the Los Angeles smog chart that we saw
in Chapter 1, where maps were themselves spread on two dimensions,

type of pollution and time of day.

Normal
(n=60)

Bipolar
depression
(n=39)

Alcoholism
(n = 30)

Schizophrenia
(n=20)

Dementia
(n=93)

Z% Z%

delta theta

Unipolar "
depression L
(n = 69) m

% E.R. John, L. S. Prichep, J. Fridman, and P.
Easton, "Neurometrics: Computer-Assisted
Differential Diagnosis of Brain Dysfunc-
tions," Science, 239 (January 8, 1988), 162-169.
The authors conclude: "Healthy persons
display only chance deviations beyond the
predicted ranges. . . . Patients with neuro-
logical impairments, subtle cognitive dys-
functions, or psychiatric disorders show a
high incidence of abnormal values. The
magnitude of the deviations increases with
clinical severity. Different disorders are
characterized by distinctive profiles of ab-
normal brain electrical features. . . . These
methods may provide independent criteria
for diagnostic validity, evaluations of treat-
ment efficacy, and more individuaized
therapy.”
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JohnJackson, ThePractical Fly-Fisher; More
Particularlyfor Grayling or Umber (London,
1854), plate VIII, at 26-27, insects and flies
for July and August.

In our neurometric example at left, the dark colors surrounding each
image generate disruptive white stripes. Locations can be signaled by
nearly slent methods, as above, where an implicit grid pairs each insect
with its fly-fishing simulation. And the limited but focused color here is
more effective than strong rainbow colors, for reasons now to be revealed.



46°
02/

307

7°

Est de Greenwich

46°

007

©
=

MM EEe g’ Adrolla

S
il
%,.

=




81
5 Color and Information

IN representing and communicating information, how are we to benefit
from color's great dominion? Human eyes are exquisitely sensitive to
color variations: atrained colorist can distinguish among 1,000,000 colors
at least when tested under contrived conditions of pairwise comparison.
Some 20,000 colors are accessible to many viewers, with the constraints
for practical applications set by the early limits of human visual memory
rather than the capacity to discriminate locally between adjacent tints.
For encoding abstract information, however, more than 20 or 30 colors
frequently produce not diminishing but negative returns.
Tying color to information is as elementary and straightforward as
color technique in art, "To paint well is simply this: to put the right
color in the right place," in Paul Klee'sironic prescription.” The often ! Paul Klee, Notebooks: The Thinking Eye,
scant benefits derived from coloring data indicate that even putting a ngiaéﬁylgﬁegmﬁnnﬁiTé%ggfjﬁ,”i,
good color in a good place is a complex matter. Indeed, so difficult and
subtle that avoiding catastrophe becomes thefirst principle in bringing
color toinformation: Above all, do no harm.

AT work in this fine Swiss mountain map are the fundamental uses of
color ininformation design: to label (color asnoun), to measure (color as
quantity), to represent or imitate reality (color as representation), and to
enliven or decorate (color as beauty). Here color labels by distinguishing
water from stone and glacier fromfield, measures by indicating altitude
with contour and rate of change by darkening, imitates reality with river
blues and shadow hachures, and visually enlivens the topography quite
beyond what could be done in black and white alone.
Note the many finely crafted details: changes in the color of contour
lines as the background shifts, interplay of light and shadow in areas of
glacia activity, and color typography. The black-ink-only area at the _
s . . Matterhorn, Landeskarte der Schweiz,
bottom, though not an optimized monochrome design, gives a sense of 1347, Bundesamt fir Landestopographie
the overwhelming informational benefits of color, when it is at its best. (Wabern, 1983), scale 1:25,000.
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The Swiss maps are excellent because they aregover ned by good ideas
and executed with superb craft. 1deas not only guide work, but also help
defend our designs (by providing reasons for choices) against arbitrary
taste preferences. Strategies for how color can serve information are set
outin Eduard Imhof's classic Cartographic Relief Presentation, which de-
scribes the design practices for the Swiss maps. The first two principles
seek to minimize color damage:

First rule: Pure, bright or very strong colors have loud, unbearableeffectswhen
they stand unrelieved over large areas adjacent to each other, but extraordinary
effectscan be achieved when they are used sparingly on or between dull back-
ground tones. "Noise is not music. Only a piano alows a crescendo and then a
forte, and only on a quiet background can a colorful theme be constructed.” The
organization of the earth's surface facilitates graphic solutions of this type in maps.
Extremes of any type - such as highest land zones and deepest sea troughs, tem-
perature maxima and minima - generally enclose small areas only. If one limits
strong, heavy, rich, and solid colors to the small areas of extremes, then expressive
and beautiful patterns occur. If one gives al, especially large areas, glaring, rich
colors, the pictures have brilliant, disordered, confusing and unpleasant effects.

Second rule: The placing of light, bright colors mixed with white next to each other
usually produces unpleasant results, especially if the colors are used for large areas?

Violation of this counsel yields the exuberantly bad example below.
All this strong color, especidly the surrounding blue, generates a strange
puffy white band, making it the map's dominant visual statement, with
some alarming shapes at lower left. These colors are dark in value, and
inevitably we have significant 1 + 1 = 3 effects again, at visual war with
the heavily encoded information.

2 Note the after-images and vibration re-
sulting from these strong colors (comple-
mentary, equal in value), an example from
Josef Albers, Thelnteractionof Color (New
Haven, 1963), "Vibrating Boundaries,”
folder XXI1-1.The quotation is part of a
longer list of color principlesin Eduard
Imhof, Cartographic Relief Presentation
(Berlin, 1982), edited and translated by
H.J. StewardfromImhof'sKartographische
Geléndedarstellung (Berlin, 1965), p. 72. The
internal quotation is from H. Windisch,
Schule der Farbenphotographie (Seebruck, 6th
edition, 1958). The color logic is similar

to that for emphasisin music: "Without
accent there is no life. The beat becomes
monotonous and wearisome. Music with-
out accent lacks coherence, and movement
becomes aimless where thereis no impulse.
Conversely, if every note, word or move-
ment is stressed, the result hasevenless
meaning." Ann Driver, Music and Move-
ment (London, 1936), p. 34.

"Primary Home Heating Fuel, by Counties
of the United States: 1950, 1960, 1970," GE-
70, Bureau of the Census, United States
Department of Commerce (Washington,
D.C., n.d.). This series of maps aso includes
first-rate efforts, including the well-known
"flashlight map" of population density.
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Along with its critique of color-clutter, Imhof's first rule contains an
important constructive idea: color spots against a light gray or muted field
highlight and italicize data, and also help to weave an overall harmony. Daniel
Burnham's architectural drawing shows the vitality of small color spots
on large muted backgrounds: coherent, vivid and textured but without
clutter, the right color in the right place. The 1909 Plan of Chicago con-
tains several other drawings the equal of that shown here—withskillful
color illuminating architectural drawings and maps.

Applying a single mark, a strong but transparent spot, Jan Tschichold
labels his rejection of the classical central axis typography and design, in
favor of the asymmetric layout at right.

Daniel H. Burnham, "Plan for a Summer
Capital of the Philippine Idands, at Baguio,"
in Daniel H. Burnham and Edward H.
Bennett, edited by CharlesMoore, Plan of
Chicago (Chicago, 1909), p. 28.

Jan Tschichold, Die Neue Typographie
(Berlin, 1928), pp. 214-215. Redrawn.
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COLOR servesasalabd most nobly of dl in Oliver Byrne's 1847 edition
of Euclid's Geometry. Thistruly visual Euclid discardstheletter-coding
native to geometry texts. In aproof, each element names itself by con-
sistent shape, color, and orientation; instead of talking about angle DEF,
theangleisshown— appropriately enough for geometry. Below, wesee
an orthodox march through the Pythagorean theorem; too much time
must be spent puzzling over an al phabetic macaroni of 63 encoded links
between diagram and proof. At far right, thevisual Pythagoras. Ruari
McLean described Byrne's book as "one of the oddest and most beauti-
ful books of the whole [19th] century ... a decided complication of Eu-
clid, but a triumph for Charles Whittingham [the printer]."® A close
look, however, indicates that Byrne's design clarifies the overly indirect
and complicated Euclid, at least for certain readers.*

THEOREM 27. (Pythagoras’ Theorem.)

In any right-angled triangle, the square on the hypotenuse
is equal to the sum of the squares on the sides containing the
right angle.

Given LBAC is a right angle. LR

To prove the square on BC = W \
the square on BA +the square H¥...
on AC. b

Let ABHK, ACMN, BCPQ be the % ™. "
squares on AB, AC, BC. AN Heak
Join CH, AQ. Through A, B} Tox
draw AXY parallel to BQ, cut- ;
ting BC, QP at X, Y. 11 :
Since £BAC and LBAK are : y :
right angles, KA and AC are in ! :
the same straight line. = "SI, P
Againy LHBA =90° = LQBC. Alacits
Add to each LABC, ., LHBC= LARQ.
In the As HBC, ABQ.
HB = AB, sides of square,
CB =QB, sides of square,
LHBC = LABQ, proved.
.. AHBC==AABQ (2 sides, inc. angle),
Now AHBC and square HA arc on the same base HB and
between the same parallels HB, KAC ;
. AHBC =4 square HA,
Also AABQ and rectangle BQYX are on thie same base BQ and
between the same parallels BQ, AXY.
.. AABQ =} rect. BQYX,
.’. square HA =rect. BQYX.
Similarly, by joining AP, BM, it can be shown that square
MA =rect. CPYX ;
.. square HA +square MA =rect. BQYX +rect. CPYX
=square BP. Q.E.D.

3 Ruari McLean, Victorian Book Designand
Colour Printing (New York, 1963), p. 51. See
aso Ruari McLean, A Book is Not a Book
(Denver: University of Denver Graduate
School of Librarianship, 1974).

4 The classical Chinese mathematics book,
the Chou Pei Suan Ching (ca -600 to +300),
used but a single diagram for proof of the
"Pythagorean” theorem. According to
Needham, "in the

time of Liu and Chao A

[ca +200], it was /id PN
coloured, the smal —tk -
central square being < & 4
yellow and the sur- D v
rounding rectangles ‘K\Vl

red." [Joseph Need-
ham with Wang Ling, Science and Civilisa-
tion in China: Mathematics and the Sciences of
theHeavensandtheEarth (Cambridge, 1959),
volume 3, pp. 22-23, 95-97.] Thelogic is

A P

b = @b O + £&

(a-b) \

B o= whr

= a2 + b2

immediate, unlike the notoriously cir-
cuitous Euclid (Schopenhauer, SaSmmtliche
Werke, |. 815, described Euclid's Pythagoras
as "a proof walking on stilts, nay, a mean,
underhand proof"). And, pleasingly, Heath
declares that the Chinese proof has "no
specifically Greek colouring." [Thomas L.
Heath, Euclid: The Thirteen Books ofthe Ele-
ments (Cambridge, 1926), volume |, p. 355.]
See also the very specia collection of 367
proofs, ElishaS. Loomis, ThePythagorean
Proposition (Ann Arbor, 1940).

C. V. Duréll, Elementary Geometry (London,
1936), p. 119. For redesign of Durell's page
in Gill Sans, see Peggy Lang, "Interpretative
Typography Applied to School Geometry,"
Typography, 3 (Summer 1937); and Grant
Shipcott, Typographical Periodicals Between the
Wars: A Critique of The Fleuron, Sgnature
and Typography (Oxford, 1980), p. 65.
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defcribe fquares,

alfo draVW  com— AN ————

' = twice 4 and . = twice :

VR |

In the fame manner it may be thown

that . »
o

Redrawn from Oliver Byrne, The First

S x Books of the Elements of Euclid in which

coloured diagrams and symbols are used instead
of letters for the greater ease of learners (Lon-

don, 1847), pp. 48-49.
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Below, instructions for circumscribing a square on a circle, with a

typically roundabout Euclidean proof verifying that [ realy is square.
Byrne's colors keep in mind the knowledge to be communicated, color
for information. Use of the primary colors and black provides maximum

differentiation (no four colors differ more). This yellow, broken with

orange, is darkened in value, sharpening the definition of its edge against

white paper; and the blue is rdatively light (on a value scae of blues),

reinforcing its distance from black. In the diagrams, the least-used color

isblack, and it is carefully avoided for large, solid elements— addingto
the overdl coherence of the proofs by muting unnecessary contrasts.
Spacious leading of type assists integration of text and figure, and aso
unifies the page by creating lines of type (instead of the solid masses
usually formed by bodies of straight text) similar in visual presence to

the geometric lines and shapes.

ez BOUT o given circle

O to circumfcribe

Draw two diameters of the given

a [quare.

circle perpendicular to each other,
and through their extremities draw

. ’ , and
tangents to the circle ;

is a fquare.

a right angle, (B. 3. pr. 18.)

S
alfo ‘ = ﬂ (contt.),

.
L)

be demonﬁrated that
that —___ and

becaufe

_____ ; in the fame manner it can
I ==esmas , and alfo

is a parallelogram, and

-Q-4-A

they are all right angles (B. 1. pr. 34):
it is alfo evident that . "

and

are equal.

is a {quare.

Q. E.D.

THE FIRST SIX BOOKS OF
THE ELEMENTS OF EUCLID

IN WHICH COLOURED DIAGRAMS AND SYMBOLS
ARE USED INSTEAD OF LETTERS FOR THE

GREATER EASE OF LEARNERS
o
BY OLIVER BYRNE
HER MAJESTY' N THE FALKLAND 1SLAND:

LONDON
WILLIAM PICKERING
1847
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Piet Mondrian, Compositionwith Red, Yellow
andBlue, 1930.

Theo van Doesburg, Smultaneous Counter-
Composition, 1929-1930.

Design of these 292 pages of Euclid—drawnin 1847 by Her Mgjesty's
surveyor of the Falkland Islands and also school mathematics teacher,
Oliver Byrne— anticipatesthe pure primary colors, asymmetrical layout,
angularity, lightness of plentiful empty space, and non-representati onal
(abstract, "denaturalized") shapes characteristic of 20th-century Neo-

Plasticism and De Stijl painting.®> And it isEuclid, too. Only the decora- ® Piet Mondrian presented principles of
iveiniti i _ i Neo-Plasticism in 1926: "(1) The plastic
tiveinitial capital |etters (wood-engraved by Mary Byfield) appear now medium should be the flat plane or the
aspre-modern . . . or, for that matter, post-modern. rectangular prism in primary colors (red,
This redrawing below of part of Pythagoras couples Byrne's visual blue, and yellow) and in non-color (white,

. . . . . black, and gray) ... (2) There must be an
method with conventional |etter-encoding. Deflecting the fussiness equivalence of plastic means, Different in

that often results from redundant signals, the intermingling here of two sizeand color, they should nevertheless

|abeling techniques seems to speed recognition of geometric elementsas ~ have equal value. In general, equilibrium in-
volves a large uncolored surface or an empty

the eye moves between diagram and proof. Such a combination allows space, and arather small colored surface. . . .
viewers to choose how they link up the text with the diagram, and it is (4) Abiding equilibriumis achieved through

. . opposition and is expressed by the straight
likely that both methods will be used together. i (imit of the plagti 8 meang) i pr?n_

cipa opposition, i.e, theright angle. . . .
(6) All symmetry shall be excluded." One
version of the essay, "Home-Street-

N a right angled triangle City," isfound in Michel Seuphor, Piet
A Mondrian: Life and Work (New York, 1956),
166-168; see dso The New Art - The New
: the fquare on the Life: The Collected Writings of Piet Mondrian,
& 2 edited and translated by Harry Holtzman
ﬁypoz‘em{ﬁ’ < 8 is equal to the fum of the and Martin S. James (Boston, 1986), 205-212.

Jquares of the fides, (% LR R S

(s B A ) c A
On i nd
defcribe fquares,
Y
Draw =e=---= Il SIS 9 alfo draw S and A Q‘
A
e B ;B .
I A
s A ) Ly
=5 s To each add cli . Q_c~ss
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IN all 50 or so systems of color organization, every color islocated in
three space: described by hue, saturation, and value in Munsell and other
spatial -perceptual classifications; by red, green, and blue componentsin

various additive methods for video displays; and by cyan, magenta, and Colin Ware and John C. Beatty, "Using

ell mponents in subtractive methods for printing inks. A variet Color asa Tool in Discrete Data Analys's”
yellow comp ) ) P 9 ) Yy Computer Science Department, University
of color systems, but always three dimensions. of Waterloo, report 05-85-21 (August

1985);and "Using Color Dimensions to

Can color's inherently multidimensional quality be used to express . 8 =
. . X . . Display DataDimensions," Human Factors,
multidimensional information? And can viewers understand, or learn 30(1988), 127-142. Successisreported for
to understand, such displays? A good place to start on a video display locating simple clusters of data. For serious
terminal is to spread data-points over flatland for two dimensions and dataanalys's the method depends on how
s p well viewers can visualize aparticular color
then light up each point by red, green, and blue (RGB) components, as a three-dimensional location.

in proportion to values taken by three additional variables. At right, a
five-by-five scatterplot matrix shows all X-Y pairs. Note color clusters
of data, assemblies of three-dimensional similarity (onRGB variables)
spread on the X-Y plane, an obvious improvement over black-only dots.

Color's multidimensionality can also enliven and inform what users
must face at computer terminals, although some color applied to display
screens has made what should be a straight-forward tool into something
that looks like a grim parody of a video game:

FILE:RDG e 1/83-86/30/88 fREaDY)




Shown above are conventional graphical interfaces, with scroll bars,
multiple windows, and computer administrative debris. Closdy-spaced,
dark grid lines generate 1 + 1 = 3 clutter, with noise growing from the
overscan borders (the surrounding dead area of a video tube). Noiseis
costly, since computer displays are low-resolution devices, working at
extremely thin data densities, 1/10 to 1/1000 of a map or book page. This
reflects the essential dilemma of a computer display: at every screen are
two powerful information-processing capabilities, human and computer.
Yet dl communication between the two must pass through the low-
resolution, narrow-band video display terminal, which chokes off fast,
precise, and complex communication.

Color can improve the information resolution of a computer screen.®
First, by softening the bright-white background, color calms video glare,
the effect of staring at alight bulb. Below, color defines edges and alows
asimple and elegantde-griddeddesign. For framing fields, the appropriate
color should belightin value (muting 1 + 1 = 3 effects), and, at the same
time, relatively intense and saturated (to give astrong visual signal for an
active window). Yellow is the only color that satisfies thisjoint require-
ment. Thus a two-dimensional display task is handled by two visual
dimensions of a single color:
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|FILE] [EDIT IMAGE | [HELP]

% SeeJames D. Foley, Victor L. Wallace, and
Peggy Chan, "The Human Factors of Com-
puter Graphics I nteraction Techniques,”
Computer Graphics and Applications (Novem-
ber 1984), 13-48; Ben Shneiderman, Designing
the User Interface (Reading, Massachusetts,
1987); PhilipK. Robertson, "Visualizing
Color Gamuts: A User Interface for the
Effective Use of Perceptual Color Spacesin
Data Displays," Computer Graphics and Ap-
plications (September 1988), 50-64; and also
Edward R. Tufte, Visual Design ofthe User
Interface (Armonk, New York, 1989). In con-
trast to the low-resolution and garish color

of the computer screen, consider the stamp,
with a sometimes delicate use of color (by
varying densities of engraving) and fine detail:
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WHAT palette of colors should we choose to represent and illuminate
information? A grand strategy is to use colorsfound in nature, especialy
those on the lighter side, such as blues, yellows, and grays of sky and
shadow. Nature's colors are familiar and coherent, possessing awidely
accepted harmony to the humaneye—andtheir source has a certain
definitive authority. A palette of nature's colors helps suppress produc-

tion of garish and content-empty colorjunk. Local emphasis for datais
then given by means of spot highlights of strong color woven through
the serene background. Eduard Imhof develops this theme, with his
characteristic mix of cartographic science and art:

Thirdrule: Large area background or base-colors should do their work most quietly,
alowing the smaller, bright areas to stand out most vividly, if the former are muted,
grayish or neutral. For this very good reason, grayis regarded in painting to be one

of the prettiest, most important and most versatile of colors. Strongly muted colors,
mixed with gray, provide the best background for the colored theme. This philoso-

phy applies equally to map design.

Fourthrule: If apicture is composed of two or more large, enclosed areas in differ-
ent colors, then the picture fals apart. Unity will be maintained, however, if the
colors of one area are repeatedly intermingled in the other, if the colors are inter-
woven carpet-fashion throughout the other. All colors of the main theme should
be scattered like islands in the background color. The complex nature of the earth's
surface leads to enclosed colored areas, al over maps. They are the islands in the
seq, the lakes on continents, they are lowlands, highlands, etc., which often also
appear in thematic maps, and provide a desirable amount of disaggregation, inter-
pretation and reiteration within theimage.”

Gretchen Garner, A Grove of Birches,
photographs, 1988.

7 Eduard Imhof, Cartographic Relief Presen-
tation (Berlin, 1982), edited and trandated by
H.J. Stewardfrom|mhof'sKartographische
Gelandedarstellung (Berlin, 1965), p. 72. Here
what should be strictly cartographic and
information design arguments are pushed
too far toward a general theory of aesthetics.
Mondrian, Malevich, and many others rou-
tinely violate the fourth rule; the problem is
with the rule not Mondrian.
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Of course color brings to information more thanjust codes naming ® Paul Klee, On Modern Art (London, 1948),
visual nouns—coloris a natural quantifier, with a perceptually continu-  translated by Paul Findiay from Uber die
. . . . . L moderne Kunst (Bern, 1945), pp. 39-41.
ous (in value and saturation) span of incredible fineness of distinction, at

a precision comparable to most measurement. For data then as for art: General Bathymetric Chan ofthe Oceans,
"And what t q ibilities for th it . . f International Hydrographic Organization
nd what tremendous possibilities for the variation of meaning are of- 5135 ‘Canada, 5th edition, 1984), 5.06.

fered by the combination of colors... What variations from the smallest
shading to the glowing symphony of color. What perspectives in the
dimension of meaning!" wrote Paul Klee® In practice everything is not
this wonderful, given the frequently uneasy translations from number to
corresponding color and thence to human readings and interpretations.
The General Bathymetric Chart of the Oceans records ocean depth
(bathymetric tints) and land height (hypsometric tints) in 21 steps -
with "the deeper or higher, the darker" serving as the visual metaphor
for coloring. Shown are the great ocean trenches of the western Pecific s e b e Gath e
andJapan Sea. Numbered contours outline color fields, improving accu-
racy of reading. Nearly transparent gray tracks, on avisual plane apart
from the bathymetric tints, trace paths of sounding lines (outside those
areas of extremely detailed surveys, such as ports and along coast lines).
Every color mark on this map signds four variables. latitude, longitude,
sea or land, and depth or altitude measured in meters.
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In the ocean map, quantities are shown by a value scale, progressing
from light to dark blue. Although easy to learn and remember, value
scales may be vulnerable to the inaccuracies of reading provoked by
disturbing contextual effects, shown above, of edge fluting and smul-
taneous contrast. A widely-used alternative is a scale of rainbow colors,
replacing the clear visual sequence of light to dark with the disorderly
red, orange, yellow, green, blue, indigo, and violet— an encoding that
now and then reduces perplexed viewers to mumbling color names
and the numbers they represent, perversely contrary to Paul Vaery's
axiom, "To see s to forget the name of the thing one sees.” Despite
our experiences with the spectrum in science textbooks and rainbows,
the mind's eye does not readily give an order to ROYGBIV.® In the
face of this rainbow encipherment, viewers must turn to other cues
(contour, edge, labels) in order to see and interpret data.

ANY color coding of quantity (whether based on variations in hue,
value, or saturation) is potentially sensitive to interactive contextual
effects. These percaived color shifts, while an infrequent threat to
accuracy of reading in day-to-day information design, are surprising
and vivid—suggestingthat color differences should not be relied upon
as the sole method for sending a message amidst a mosaic of complex
and variable data. Here the same color (in the central squares) looks
quite different when placed in dightly different circumstances. The
small sguares are shifted so as to match the opposite surround — afine

® Controlled variations in hue, however,
help extend value scaes, increasing fineness
of differentiation and yet till giving viewers
a sense of natural visual sequence.



visual touch. Perhaps even more stunning are arrangements of color
fields that make two different colorslook alike. Albers describesthis
asasubtraction of color: "Repeated ... experiments with adjacent
colors will show that any ground subtracts its own hue from colors
which it carries and therefore influences."*® How different the colors
of the small squares above look against a uniform white field:

e
Can these interactions of color benefit information displays? Not
often, but, in this conventional road map, the perceived visual palette
used for labels is extended, without the expense of printing an addi-
tional flat color. The thin red line (smaller roads) changes to a deeper
red when flanked by parallel blue stripes in the code for larger roads.

Color itsdlfis subtle and exacting. And, furthermore, the process of
tranglating perceived color marks on paper into quantitative data resid-
ing in the viewer's mind is beset by uncertainties and complexities™
These trangdlations are nonlinear (thus gamma curves), often noisy and
idiosyncratic, )" with plenty of differences in perception found among
viewers (including several percent who are color-deficient).*>*3

MULTIPL E signaswill help escapefrom the swamp of perceptual shifts

and other ambiguitiesin reading. Redundant and partially overlapping
methods of data representation can yield a sturdy design, responding in
one way or another to potentia visua complications—with, however,

aresulting danger of fussy, cluttered, insecure, committee-style design.
A crygtdline, lucid redundancy will do.
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10 Josef Albers, Interaction of Color (New
Haven, 1963), p. 28. In reading these color
comparisons, Albers suggests "For a proper
comparison, we must see them simultane-
oudy, not aternatingly. The latter way, a
repeated looking forth and back, produces
changing and disturbing after-images which
make a comparison under equal conditions
impossible. For a simultaneous comparison,
therefore, we must focus at a center between
the 2 rectangles, and for a sufficient length
oftime." (Interaction of Color: Commentary,
p. 16, italics added.) Students of printing
may wish to note that reproduction of the
various examples here required 23 separate
flat colors for this signature.

1 See Giinter Wyszecki and W. S. Stiles,
Color Science: Concepts and Methods, Quanti-
tative Data and Formulae (New York, 2nd
edition, 1982); and, abook better than its
title, Deane B. Judd and Ginter Wyszecki,
Color in Business, Science and Industry (New
York, 3rd edition, 1975).

12 Because of color-deficient vision, it is
best to avoid making crucia data distinc-
tions depend on the difference between
red and green. See Leo M. Hurvich, Color
Vision(Sunderland, Massachusetts, 1981).

B Also, the specific details of linking color
to number must be decided in relation to
the information itself, taking into account
the frequency distribution of the data, what
aspects of the data are to come forward, and
the delineation of important cutpoints. For
agood analysis of theseissues, see Eduard
Imhof, Cartographic Relief Presentation (Ber-
lin, 1982), trandated by H. J. Steward from
Imhof's Kartographische Gel&ndedar stellung
(Berlin, 1965), pp. 312-324.
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Transparent and effective deployment of redundant signals requires,
first, theneed—anambiguity or confusion in seeing a data display that
canin fact be diminished by multiplicity—and, second, the appropriate
choice of design technique (from among dl the various methods of signal
reinforcement) that will work to minimize the ambiguity of reading.™
Disregard of these conspicuous distinctions will propagate a gratuitous
multiplicity. Several examples, illustrating mutual interplay of color
and contour, give our verbal pronouncements a visual reality.

The ocean map exemplifies a sensitive multiplicity: the color fields
which encode depth are in turn delineated by contours labeled with
depth measurements. These lines eliminate edge fluting and make each
field a more coherent whole, minimizing within-field visual variation
and maximizing between-field differences. Edge lines alow very fine
value distinctions, increasing scale precision. Between fields, only the
presence of an edge is heeded, a thin line of a color not too distant in

value from the scale itsdlf (at left, 3% and 7% screen tints for ground
and for building; at right, exactly the same tints with edges). Note the
dramatic effect of the contour here, visually shifting color within the
outlined form, sharply distinguishing the building from the surrounding
ground. This technique of cartography and graphic design is confirmed
by theories of vision, which point out that human cognitive processing
gives considerable and
often decisive weight to
contour information.™
In this map, the color
merely delineates what
is aready obvious. Laid
down in broad unrefined
bands, the strong colors
induce a loss of focus of
detail on the entire map,
making it something to
be read only at poster
distance. So much visual
excitement, <o little data,
merely to outline a shape

A Map of ITAMY SHIRE L.

4 Wenddl R. Garner, "Information Inte-
gration and Form of Encoding,” in Arthur
W. Melton and Edwin Martin, eds, Coding
Processesin Human Memory (Washington,
D.C., 1972), 261-281.

General Bathymetric Chart ofthe Oceans,
International Hydrographic Organization
(Ottawa, Canada, 5th edition, 1984), 5.06.

Planviews drawn by Pamela Pfeffer,
student project, Studies in Graphic Design,
Yale University, 1988.

5 David Marr, Vision (San Francisco, 1985),
pp. 215-233,

William Henry Toms after Thomas
Badedade, ChorographiaBritannicaor, A Set
of Maps of all the Counties in England and
Wales. . . (London, 1742), plate 18.
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aready familiar to most viewers of the map. Boundary lines should be

drawn so as to show clearly what falls on which side, essential details lost

here in color cross-hatching. The color misses the point.

The map at left is an unsuccessful imitation of the beautiful original
above, translucently aglow with delicate light. Outer areas are given
less emphasis, with color gently defining roads, boundaries, and cities.
City symbols are marked by red stars indicating how many members
each place sent to Parliament in 1724. At any rate, a clear statement
about geography, rather than a statement about color.

"ALL things are always on the move simultaneously," as Winston
Churchill once described military strategy. So it is dso for design and
color; even simple visua effects can involve a simultaneous complexity
of design issues. For thisJapanese textile pattern, white dots produce a
dight contextual color shift nearby, asin the Albers examples of color in-
teractions. Surrounding the dots and the narrow band of shifted color
are cognitive contours. And these contoursin turn produce ahomogeneous
edgedfield, aresult we have seen both in the ocean map and in the gray
tints of the building planviews.
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Thomas Badeslade, A Compleat sett of Mapps
ofEngland and Wales in General, and of each
County in particular . . . (1724), pen and ink,
and watercolor on vellum, leaf 35 (recto).
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6 Narratives of Space and Time

MANY information displays report on theworld's workaday reality

of three-space and time. Painting four-variable narrations of space-time
onto flatland combines two familiar designs, the map and the time-series.
Our strategy for understanding these narrative graphicsis to hold con-
stant the underlying information and then to watch how various designs
and designers cope with the common data. Examined first are accounts
of the motion of Jupiter's satellites, beginning with Galileo's notebooks.
Other case studies in our space-time tour are itinerary design (schedules
and route maps) and, finaly, various notational systemsfor describing
and preserving dance movements.

The Galilean Satellites of Jupiter

On the evening of January 7, 1610, Gdileo firg turned his new telescope
toward Jupiter and saw three small, bright starlets near the planetary
disk. His book, The Starry Messenger, records the series of observations.*

Though | believed them to belong to the host of fixed stars, they somewhat aroused
my curiosity by their appearing to lie in an exact straight line parallel to the ecliptic,
and by their being more splendid than other stars their size. Their arrangement with
respect to Jupiter and to each other was as follows:

East X * O K West

That is, there were two stars on the easterly side and one to the west; the more
easterly star and the western one looked larger than the other. | paid no attention
to the separations between them from Jupiter, since at the outset | thought them
to be fixed stars, as sad before.

But either Jupiter or the starlets or both were moving, for next evening
adifferent arrangement appeared. The three starletswere now all west
of Jupiter, closer together than before, about equally spaced:

East O X X X

West

97

Two pages from Galileo's notebooks,
recording observations of four satellites
of Jupiter between December 16, 1612,
andJanuary 5, 1613.

! The title page of The Starry Messenger
reads, "Unfolding great and surpassingly
wondrous sights, and offering everyone,
but especidly philosophers and astrono-
mers, the phenomena observed by Galileo
Gdild, a Gentleman of Florence, Professor
of Mathematicsin the University of Padua,
with the aid of atelescope, lately invented
by him, on the surface of the moon, anin-
numerable number of fixed stars, the Milky
Way, and Nebulous Stars, and above al in
four planets swiftly revolving around the
planetJupiter at different distancesand
periods, and known to no one before this
day, the author recently discovered them
and decided to cal them The Medicean
Stars. Venice. Published by Thomas
Baglionus. 1610. With permission and
approval of superiors.”

SIDEREVS

NVNCIVS
MAGNA, LONGEQVE ADMIRABILTA
Sprdacula pandens , fufpiciendaque proponens
vnicuique, przf:mm verd
PHILOSOPHIS, atj ASTRONOMLS, que &

GALILEO GALILEO
PATRITIO FLORENTINO
Patauini Gymnafij Publico Mathematico

PERSPIC_ILLI

Nuper VNo/£ FACIE FIRIS
wwags ucrso cmrmo :ruux NEBVLOSIS,

ATVOR P ANETIS
zuhm

MEDICEA SIDER A

NVNCVPANDOS DECREVIT
& A

VENETIIS, 4 'IhomamBaglmnum M DC X,
Superiscm Lomifjns & Lris legio-




98 ENVISIONING INFORMATION

At this time | did not yet turn my attention to the manner in which the starlets had
gathered together, but | did begin to concern myself with the question how Jupiter
could be east of dl these stars when on the previous night it had been west of two
of them. | commenced to wonder whether Jupiter might not be moving eastward
a this time, contrary to the computations of astronomers, and had gone in front of
them by that motion.

Galileo awaited thenext night with great interest, but cloudsblocked
hisview. Then onJanuary 10, 1610 he did seeJupiter and was ableto
separate out motion of planet from that of the starlets, a sequence of
observation and logic adding up to one of the most important scientific
discoveriesever made:

On the tenth of January, however, the stars appeared in this position with respect
toJdupiter:

West

* O

That is, there were but two of them, both easterly, the third (as | supposed) being
hidden behind Jupiter. As at the beginning, they were in the same straight line
with Jupiter and arranged exactly in the line of the zodiac. Noticing this, and
knowing that there was no way in which such alterations could be attributed to
Jupiter's motion [aone], yet being certain that these were still the same stars | had
observed [before] — infact, no other star was to be found adong the line of the zo-
diac for along distance on either side of Jupiter— my perplexity was now turned
into amazement. Certain that the apparent changes belonged not to Jupiter but
to the observed stars, | resolved to pursue this investigation with greater care . . .

East %

| decided beyond dl doubt that there existed in the heavens three stars wandering
about Jupiter as do Venus and Mercury about the sun, and this became plainer than
daylight from observations on occasions that followed. Nor were therejust three

such stars [as | was soon to learn]; four planets do complete their revolutions around

Jupiter, and | shall give a description of their alterations as observed more precisely

O+

later on. Also | measured the distances between them by means of the telescope,
using the method explained earlier. Moreover, | recorded times of observations,
especialy when more than one was made on the same night; for the revolutions of
these planets are so swiftly completed that it is usually possible to note even their
hourly changes.?

East * West

Continued observation soon establishedthat four satellitesrevol ved
aroundJupiter. Longer time-series, flickeringwith discontinuities, were

plotted by Galileo in 1613 and Cassini in 1668. Satellite motion could be

forecast precisely enough to serve as a worldwide signaling clock for
determininglongitude (snce24 hourscorrespondsto 360°). Datawere
entabled — even gridlocked—in ephemerides such asthis 1766 Connais-
sance des Tempsissued by the Bureau des Longitudesin Paris.

MOEDICEORVM PLANETARVM
ad tnuicem, ot ad IOVEM C. on)ftullbm:,_/t‘dum in Mensibus Martio
et Aprile An: M DCXII. 4 GALILEO G.L. carundem
Stellar, nec non Periodicorom. 1psarum motuum

Repertore primo , Caleusli collecte. ad
eMeridianum Florentia
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Gdlileo Gdlilei, Istoria edimostrazioni intorno

allemacchiesolan ... [Welser sunspot letters],

(Rome, 1613), illustration of satellites (called
by Galileo "Medicean stars' in honor of his
patron) following p. 150.
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Jean Domenique Cassini, Ephemerides
Bononienses Mediceorum syderum ex hypoth-
esibus, et tabulis lo, (Bologne, 1668), p. 34.

JANUARY 1567. [5]
Configurations of the SATELLITES of JUPITER
at 11 o’th’ Clock in the Evening.
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Bureau des Longitudes, Connaissancedes
Temps (Paris, 1766), p. 5.

2 Tranglation of The Starry Messenger by
Stillman Drake, in his Telescopes, Tides, and
Tactics(Chicago, 1983), pp. 59-63.
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To animate flatland, Galileo and then others constructed Jovilabes, Antide Janvier, Des révolutions des corps
nomogram-like computation devices that recounted orbits of Jupiter's cdlestes par le méchanisme des rouages (Paris,
. . . . 1812), plateVl and plate V.
satellites (above). Mechanical models of the solar system in motion
showed the interplay of Sun, Earth, and Jupiter, as our shifting vantage
point and Jovian shadows masked Galilean satellites from Earth view.
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Now, in modern portrayals of Jupiter's satellites, dl the individual
observations are connected in the corkscrew diagram, with continuous
spirds traced out by lo, Europa, Ganymede, and Callisto. These micro/
macro diagrams work on a grid of one spatial dimension stretched by
time, just like graphical timetables. In our redrawings, the flickering
prison bars of the horizontal dices are muted, thus avoiding the clutter
of 1+ 1 = 3 effects. It was not until the 20th-century, 300 years after
Galileo's discovery, that the dots were linked into continuous curves—
an advance in design that came dowly despite the intellectua skills
of the astronomers involved. The smooth trgjectories of the modern
diagram report every position of the moons - fitting data for even a few
hours of viewing, because of the rapidjourneys of the inner satellites.
At right is a similar chart for Saturn, including an orbital planview.

o

: >Ganymede a

Europa (1)

Callisto (IV) (

B0 e

Redrawn from: Sky & Telescope, 76 (1988);
SatellitesGalileensdeJupiter, Bureaudes
Longitudes (Paris, 1987); and Configurations
des Huit Premiers Satellites de Saturne pour
1987, 1988, Bureau des L ongitudes (Peris,
1987,1988).
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Our story concludes with a new perspective, a very close look at the
Galilean satellites. The remarkable 1979 flights near Jupiter by Voyager
spacecraft revealed not the luminous pinpoints of reflected sunlight
tracing out swift cycles of an elegant and reliable geometry—ashad
been seen through telescopes for centuries—but, instead, satellites that
appeared, frankly, a bit on the lumpy side®

Narrative Itineraries. Timetables and Route Maps

Schedules are among the most widely used information displays, with a
sheer volume of printed images comparable to road maps, daily weather
charts, catalogs, and telephone books. Design efforts for 150 years the
world over have yielded some imaginative display strategies. The issues
of timetable design are a the heart of envisioning data—largearrays of
fussily annotated numbers, thick information densities, type and image
together, and multivariate techniques for narrating what is a four or five
variable story.* And the audience for schedules is diverse, ranging from
experts at timetables such as travel agents to those who are not travel
agents, an audience of uncertain skills, eyepower, patience.

4 Among the scant literature is Christian
Barman, "Timetable Typography,” Typog-
raphy, 5 (Spring 1938), 9-17; Ruari McLean,
Typography (London, 1980).
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A comprehensive narrative description of a transport system requires C ESKOSLOVENSK A
a record of both time and spatial experiences. Here a complex network LETECKA SPOLECNOST
of routes is brought together with flight times and identification num-
bers in a brilliant map/schedule for the Czechodovakia Air Transport
Company in1933. A playful and polished cover makes the brochure
an exceptional union of graphic and information design.
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A similar multifunctioning pattern presides over this diagram, a fine
combination of flatland and data table. Route map and index, an unusua
pairing, are merged in this 200-page timetable for the railroads of China
Although the linework and typography are faltering, the overal layout
has a directness and clarity of organization — maintaining the full spatial
relationships of towns, patterns usually reduced to a witless al phabetical
ordering in a conventional typographical index.
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China Railway Timetable, Railway Ministry
of the People's Republic of China (Beijing,
April 1985), index 4. The numbers along
the route lines are page humbers, showing
where to look up the detailed schedule for
that route.
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SOME  tables are better than others; an example reveds the difference
design makes. Millions of copies of this standard typographical table
(shown below) have been distributed by the railroad for years. Spaceis
poorly allocated; much of the paper is given over to categories at top
that labor incessantly to make only three binary distinctions (between
New York/New Haven, leaving/arriving, and weekdays/weekends).
All thelittle boxes create an elaborate but fal se appearance of systematic
order. It resembles the county court house inVicksburg, Mississppi —
a big portico, inflated lonic columns, with the real work done in back
rooms. And so, in this timetable, left-over space beneath the introduc-
tory grids and rectangles reports on 80 different times of arrival and
departure (410 characters). Only 21 percent of the timetable's areais
devoted to display of times that trains run. Disorderly footnotes lurk in Warren County Court House, Vicksburg,
the basement, waiting to derail insufficiently vigilant travelers. Mississippi, 1858-1861. Richard Pare and

The most troubling defect of this timetable, however, is the content of ~ “Y/lisLambert, Court House: A Photo-

. . . T graphic Document (New York, 1978), p. 28.

the information, for the samejourney runs no faster than it did 70 years
earlier for severa trains! At upper right is an antique schedule of October, ":‘Ae;"t’romg;r'{>cNoﬁquﬂ?;e”RaTii?:‘agb'eig%
1913. Note the wise practice back then of putting names of the people ’ '
responsible for railroad operations on the cover, asign of pride as well as
an effective force for quality control.

Bold sans serif capitals weak in distinguishing between two directions:
NEW HAVEN TO NEW YORK NEW YORK TO NEW HAVEN
NEW YORK TO NEW HAVEN
Column headingsrepested 3timesand 24 AM 'sand PM 'sshowndue
MONDATO ERIDATERCERT HOLIDAYE to folded sequence of times. The eye must trace a serpentine path in
Leave | Arrive | Leave | Arrive | Leave | Arrive tracking the day's schedule; and another serpentine for weekends: {1
New New New New New New
el [l A e [ | | bl LT Poor column break, leaving last peak-hour train as awidow in this column.
AM AM PM PM PM PM
12:35 218 2:05 3:45 'fg :19
708 | &45| vamr | sas| vaos | oas T h separation between leave/arrive times for th trai
705 gds| ram 45| 1805 | 945 00 much separation een leavelarrive times for the same train.
9:05 10:45f Y 4 Z 10:05 11:45
g% | Ldimege 681181
1208 LAs|X o4z | Tagl .. o Too little separation between these unrelated columns.
PM PM M PM PM PM
SATURDAY, SUNDAY & HOLIDAYS Most frequently used part of schedule (showing rush-hour trains) is the
AM P oml v oM most cluttered part, with amurky screen tint and heavy-handed symbols.
12:35 2:18 3:45 7:05 8:4
5:40 7:37] S 3:05 S 445|H 8:05 |H 9:45
109 | 1747| s | e4s| 1120 | 100 Rul hat should be together; atotal of 41 inches (1 f
1208 | 'iasl 898 | 7asl 1% | %8 ules segregate what shou together; atotal of 41 inches (104 cm) o
sl L L Lt al rules are drawn for this small table.
The service shown herein is operated by
Metro-North Commuter R.R.
Wasted space in headings cramps the times (over-tight leading, in par-
REFERENCE NOTES : ticular). Well-designed schedules use a visualy less-active dot between
Ecgno:ny :ﬁa%t’n: :;:kets are not valid on h . h h |
t 8 In sha reas.
Crg:)ck displays in G.C.T. for departure tracks. ours and minutes rather than a colon.
E-Express
X-Does not stop at 125th Str'eet.l . ) . _ .
B o Sicavien Ambiguity in coding; both x and e suggest an expresstrain, or even
Y-Snack and Beverage Service.
HOLIDAYS-New Year's Day, Washington's Birthday, e for Economy.

Memorial Day, Independence Day, Labor Day,
Thanksgiving and Christmas.
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New York, G.C.T.....|ccc..n. 4135|5100|6 102 5|5 5%33|5236
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East Norwalk...
Westport & Saugat
Green’s Farms .

See Note.

BRIDGEPORT ..
Stratford ..
DEVON (Nau
Milford ..

Cars) for which special f
Does not run Saturdays.
Does not run Saturdays.

“Merchants’ Limited,’”
hased.

Woodmont ..
West Haven . -
NEW HAVEN.........Duel ™ [l.......

Leave Harlem River 4.45 p. m.
: Does not run Saturdays.
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At any rate, the redesign below eliminates al the assorted con-
volutions from the modern-day schedule and yields a graceful but
unceremonious layout. The numbers, no longer serpentined, are
now set in Matthew Carter's Bell Centennial, a telephone-book
typeface designed for clarity of reading in tight spaces (such asthe
convenient pocket schedule).

NEW YORK — NEW HAVEN

Grand Central Station

=

aqg’ /’
VA/LROAD
LOCAL TIME TABLE.

BETWEEN
NEW YORK AND NEW HAVEN.
HARLEM RIVER AND NEW ROCHELLE.
STAMFORD AND NEW CANAAN.
SOUTH NORWALK AND BROOKFIELD JC.

IN EFFEOT
OCTOBER 5, 1913.

REVISED TO OCT. 20, 1913,

Subject to Change without Notice.

C. L. BARDO, A. B. SMITH,
General Manager, Gen'l Passenger Agent,
New Haven, Conn. New Haven, Conn.

Form Adv. 222,

5 Center for Design and Typography,
Cooper Union, "Matthew Carter: Bell
Centennia," Type & Technology Mono-
graph, | (1982). Ani Stern did the initia
redesign of the New Haven schedule as
astudent project, Yae University, 1983.

Monday to Friday, Saturday, Sunday,
except holidays and holidays
Leaves Arrives Leaves Arrives
New York  New Haven New York  New Haven Z  Monday to Friday, Saturday, Sunday,
g except holidays and holidays
12.35am 2.18 12.35am 2.18 < Leaves Arrives Leaves Arrives
5.40am 7.44 am 5.40am 7.37 am & New York  New Haven New York  New Haven
At 2 1235 218 12.35:m  2.18
8.05 9.45 8.05 9.45 Z 540  7.44un 540am  7.37am
9.05 10.45 f 7.05 8.45
10.05 11.45 10.05 11.47 8.05 9.45 8.05 9.45
11.05  12.45pm § § 9.05  10.45
12.05,m 145 12.05pm  1.45pm O35 10.05 11.45 10.05 11.47
1.05 245 ;; 11.05  12.45pm
2.05 3.45 2.05 3.45 %E lig:nm ::: 12.05 pm 1.45pm
3.05 4.45 4 3.05 Sigurdars 4,45 o 5 0e S A o
g2 4.05 5.45 3.05 445 3.05 S1geers4.45
33 401 545 R 405 545
5 4.41 625 7%
% 2 5.05 6.48 4.59 6.53 Eg
3t x5.02 .« 633 Z; 505 648
gg 520 . 7.08 E;E
53 6.05 7.42 542 o 726 ©5
S X607 . 746 §% 6.05  7.42
7.05 8.56 7.05 8.45 L 625 819 8%
8.05 9.45 8.05 suxays 9.45 ;-g: 2.5: ;.S: e :.::
9.05  10.50 9.05 1045 e 10:0 pirs i .
ML B 10:05 11A45 4 .
La0 L0 B 20 L 11.20 105 11.20 1.00:n
12.35.m  2.18 1235  2.18 12.35.n  2.18 12.35.n  2.18
)o( ED?:: i\so( stop at |25th Street :( ED)::P: i\so( stop at |25¢th Street
Holidays: New Year's Day, Washington's Birthday, Memorial Day, Holidays: New Year's Day, Washington's Birthday, Memorial Day,

Independence Day, Labor Day, Thanksgiving and Christmas, Independence Day, Labor Day, Thanksgiving and Christmas.
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SERPENTINED data formations, like the New Haven timetable, spring
up when data collide into a rigid grid. Authentic graphical treasures can
result, especialy when the data are lognormally distributed as so many
variables are. Above, two rivers meander boustrophedonically around a
tight frame, weakening comparison of their lengths. And a delight from
the 1935 Graphic Illustration of Tokyo City (a book too often forgotten),
analyzing the water supply system with a very bent bar chart:
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Territaire N.0O. des Btats -Unis

AMERIQUE

L O\

de Latitude 3.

Jean Buchon, Atlas Geographique, Satistique,
Historique, et Chronol ogiquedesDeux

Amériques... (Paris, 1825),no.LX111. Redrawn.

Tokaido Line at Yokohama Station, Sagami
Tetsudo Company, 1985 timetable, p. 72.

7-8 ¥
59 0914 | 54255
56| 5147 38 34 20 @9 04| 6
52 49 45 42 38 35 31 27 21 16 12 04 00 7
47 43 39 35 31 27 24 20 17 13 10 06 03| 8
52 57 40 36 28 14 05| 9
58 56 47 37 32 24 19 10 06|10
S reumiEh 56 43 @ 30 21 16 08 05 11
) 59 41 36 23 0912
L ET T P L 56 45 5\5 28 10 13]
%" BFEBTH 49 36 31 26 09|14
2 P { T v L 1
" _ 5140 31 20 09 04 15
56 51 40 32 30 19 05 /16
56 44 35 33 19 12|17
56 51 36 25 06|18
59 53 49 41 30 13 @®|19]
53 37 24 09|20
48 34 18 05|21
L 43 22 06(22

EXPORTACAQ 1 ANIMAES esevs PRODUCTOS

P

Institute de Expansdo Commercial, Brasil:
Graphicos Economicos-Estatisticas (Rio de
Janeiro, 1929), p. 17 (above).

Tokyo City Government, Tokyo shisel
Zuhyo [Graphic lllustration of Tokyo City],
April, 1935, p. 17 (at left).
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A ‘ Mozart, Sonatafor Piano, K. 570.

; & William Playfair, Commercial and Political

| Atlas(London, 1786), text facing plate 34.
A failureto deflate monetary units weakens
hisargument, especialy in light of possible
o postwar inflation.

e William Billings, TheNew-England Psalm-
‘ Snger (Boston, 1770).

{100,000

World map redrawn from Kirk Bryan and

Michael D. Cox, "The Circulation of the

World Ocean: A Numerical Study," Journal
o . . o ) . . of Physical Oceanography, 2 (1972), 330.
In this time-series, William Playfair ingenioudly spilled outlying data
over, first by temporarily extending the grid at top (like ledger linesin Airplane schedule redrawn from Edward
. . . . TufteandIngeDruckrey, Communicating
musical notation) and then by topologically gluing the data surfacefrom  tormation Visually (New York, Interna-
top around to bottom (like octave displacement in music). The result is tional Paper, 1984).
a torus-graphic. Thick horizontals identify periods of war, when British ;
government spending for weapons multiplied. A ratchet effect appears,

as post-war expense fails to shrink back to its pre-war level:

This, like the three former Charts, is made out from the yearly Accounts laid
before the House of Commons; like those, too, it rises in time of war; and has,
like them, not returned to its former low establishment. The people, in every
different line, are interested in raising the consequence of their department;
and example is contagious, when seconded by inclination or by interest.®

Playfair'senfolding resembles the gluing of music repeats as well as
thevisual-musical round at right, a becoming curiosity. Moreover, the
24-hour graphical timetable can likewise be glued end-to-end onto a
cylinder, to show a fully connected cycle and to prevent running off the
right side of a schedule at midnight. Simply prolonging the grid a few
more hours will aso show a completecycle—asin the airplane schedule
below, which itemizes a day's visit to Chicago after flying from Atlanta.
Globes may likewise be recycled, avoiding ethnocentrism and showing,
somewhere in the picture, every country and ocean together in full.

0
7 ’,4 Chicago
1/
1

\I 1
il
| Atlanta

11
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A good alternative to the traditional typographical timetable is the
now-familiar graphical schedule. Developed by Charles Y bry, a Paris
engineer, the visual timetable provides a detailed reading of times of a
particular train along with an overview of the daily structure of times,
stations, androutes— separatingand combining micro/macro data.

Y bry wrote in his 1846 British patent statement:

Invention will be such for each line of rail-
way as to indicate the point of departure

and arrival of the up and down trains, and
aso the bridges or any irregularities on the
line or tunnels. It will be evident that the :
engine driver and guards having such time P T R ORI
table with them will be enabled to regulate &
the speeds of the different trains with great

exactness, and in cases where special trains

are required the diagonal lines of their speed

CHARLES YBRY.

can at once be determined and ruled onthe £ TME AND SFEmD O RANWAY TRAINS.

table, so as to enable the engine driversto voNpoN:

FRINTED BY GEORGE E. EYRE AND WILLIAM SPOTTIEWOODE,

rerans 7o THE qUEXW' Mowr EXOHLLENE MATESTY |

avoid dl preceding trains which they may g e T

have to pass; for by the table the engineers & S i

will not only know the speed at which they

are to move, but they will ascertain at sight positions where al preceding trains
ought to be at any moment of time. From the time table shown, a person will
readily construct a time table for any particular line of railway, and the same
may be engraved and printed, not only for the use of the persons belonging to
the railway, but aso for the public.

Railways soon came to use the graphical method for planning schedules,
especidly in negotiating sequences of several trains running on the same
line. Today systems of immense complexity are governed by graphical
timetables portraying thousands of station stops. We have already seen
two fine examples, theJava spy table and the Shinkansen master control
chart. But Ybry's hope for use of visual timetables by the public has not
been realized. On the right, however, is our design of a bus schedule that
combines a graphical timetable with a route map overlaid on a precisely
detailed aeria photograph, so much richer than the typical schematic
diagram of bus routes. Hourly, daily, and weekly rhythms of the buses
are clearly reveded, as well as details of eachjourney. During rush hours,
lines densely crowd into spaghetti— butthen service is so frequent that
thejumble of lines informs the rider smply to show up, for there will be
virtually no wait for whatever bus it is that arrives. The gray grid is set
at ten-minute intervalsin order to ease visual interpolation of the times
of arrival. The aerial photograph unveils the area mostly at the leve of
houseresolution, that is, with sufficiently fine details to show individual
buildings. Indeed, the reaction of those who live in the area is to explore
the photograph, personalizing the data, seeking to discover their own
residence, school, or workplace. Same picture, but many stories.

WASFNGTON
“RARK -

RESERVO1IR

SKISK),
Wy i
b 0

Lo}

| Res S0 F

HOBOKEN — NEW YOR

Hudson Place Terminal 200 am giaa
WEEKDAYS
I4th & Washington Streets
New York
Port Authority Bus Terminal
Hudson Place Terminal 500am 600
i
SATURDAYS
14th & Washington Streets
New York
Port Authority Bus Terminal
Hudson Place Terminal 500am 600
SUNDAYS

I4th & Washington Streets

New York
Port Authority Bus Terminal

700
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In contrast to the data-rich bus schedule, a Swiss Federa Railroad
chart chroniclesjust afew locd trains proceeding daily from Chaux de
Fonds in 1932. Note the distinctive patternhere— rhythmic diagonals
cross only at stations, indicating that a single track serves the line and,
consequently, trains are able to pass one another only at sidings within
stations. Visual timetables help plan such passings; it would be clumsy
and awkward to design such a pattern nonvisually.

The space-time grid has a natural universality, with nearly boundless
subtleties and extensions.” Organized like the graphical timetable, this
unusual arrangement below simultaneously describes two dimensions,
space and time, on the horizontal while maintaining a vertical spatial
dimension. A complete year-long life cycle of Popilliajaponica Newman
(theJapanese beetle) is shown, transparently, in a smooth escape from
flatland brought about by doubling up variables along the horizontal.

August

January

February March v April May June July

September

Les Deurres
Vauseyon

NEUCHATEL

Chemins de Fer Fédéraux, Horaire du
22 Mai 1932-14Mai 1933, 1-5.

" For the space-time graphs of quantum
electrodynamics, see Richard P. Feynman,
QED: The Srange Theory of Light and Matter
(Princeton, 1985).

L. Hugh Newman, Man and Insects
(London, 1965), pp. 104-105.

® Herbert A. Klein, "Condensed Dynamic
Images,” Dialogos, 3 (Winter 1987), p. 5.

Ludwig Strecker, Richard Wagner als
Verlagsgeféhrte (Mainz, 1951), Tabelle I11.

Bumps chart of the Oxford University Tor-
pidsredrawnfrom The Times, March 3, 1987.

October | November | December
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And here is the long-awaited esophageal timetable, narrating move-
ment of food from mouth to stomach. Sequenced images are condensed
onto a space-time grid, along with a measure of radioactive intensity:

Eight of the consecutive 0.2 second 64 by 64 standard image frames (top) show ra
dioactive liquid descending to the stomach. The transit process involves only one
dimension of the esophagus; lateral motion is of no concern. Therefore, each image
frame was compressed into a column one pixel wide by summing the counts along
horizontal rows. The columns were assembled in order side by side, including the
eight above but totalling sixty in the entire study, to create the condensed dynamic
image of an entire swalow (bottom). The horizontal axis encompasses 12 seconds
of time, the vertica axis the spatial span from mouth to stomach. The bolus shows
uncomplicated downward transit, a normal result.®

Also recounting place in time, the engaging "bumps chart” at right
talies results of English collegiate rowing contests. Bumps races come
about because the narrowness of rivers precludes more than two crews
from rowing side-by-side; in fact on bends there may be room for only
one boat. At the beginning of arace, crews are spaced apart at intervals,
the starting gun is fired, and they row like mad trying to catch the boat
immediately in front. When a boat overtakes another, the crew in front
pulls over and the one formerly behind goes on by, now in pursuit of the
boat next ahead. In times past, the boats may have actually bumped, sg-
naling a passing and crossed lines on the chart. And, below, atimetable
of Wagner's operas, from writing of text and music to first performance.

Jahreszahlen .. .../ 3835 36 37 38 39 40 43 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 6768 69 70 71 7273 74 75 76 77 78 79 80 81 82 first
U Mo r performance
| L 4 > |
[} 4 / 4 : .
Klavier-Auszug 5, - 1 . piano part
chienen ...+ ... s § &1 o i % 1| published
e 7 - ;7: YA | |
s/3 £ .
Ss g L7 ! |
. & /’I‘/// ,’ : | | full score
; completed
Partitur vollendet. BB = = P
= =
#
.
Text vollendet . . . . Ly text completed

Erste Ide

‘,_r.u-L -

first idea

.......
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{ ORIEL
KEBLE
CHRIST CHURCH
PEMBROKE

BRASENOSE
WORCESTER

EEN'S
ST CATHERINE'S
SEH
WADHAM
HERTFORD
UNIVERSITY

BALLIOL
TRINITY
MAGDALEN
WOLFSON
ST JOHN'S
KEBLE II
OSLER HOUSE
ST PETER'S
| 111 JESUS
| CHRIST CHURCH Il
ORIEL Il
EXETER I
CORPUS GHRISTI

| LINCOLN 1l

| wmH

| MERTON
WORCESTER II
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|V UNIVERSITY Il
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| EH
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Graphical timetables compress the dimensionality of data by measuring
distance aong therail lineitself, converting three-space redlity into a
lineland path on paper, much like the itinerary or strip map. Hereis an
extraordinary guide, running from London to Dover, across the sea, and
thence from Calais to Paris. The route's direction orients each strip, as
the normally fixed compass pointer diligently rotates from dice to dice
inthis Tale of Two Cities. Variousinns and rest stops are indicated along
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A New Plan of the Road from London to
Dover, andfromCalaistoParis, Charles
Smith, mapseller, No. 172 (London, 1801).

s L
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==t

the muddy journey, which was taken by horses and coach in 1801. Note
the two-sided accents on the edges of gridded city streets (as we saw in
Chapter 4). Such strip maps, something of awrong-way departure from
flatland toward lineland (it depends on what is done with the second
dimension that has opened up), do alow viewers to edit and to focus
directly on the relevant—compensatingsomewhat for loss of context.
But what if we were to change our minds in midcourse?’

° Onitinerary maps, seeP. D. A. Harvey,
The History of Topographical Maps (London,
1980);and the introduction by J. B. Harley
to afacsmile edition of John Ogilby, Britan-
nia (London, 1675; Amsterdam, 1970), pp.
v—xxXi. Occidental stripmapsshow roads
running from top to bottom with the type-
set annotation reading horizontaly. In
contrast, many 19th-century Japanesetour
guides—essentially extendedbook-length
itinerary maps—portrayjourneysrunning
from right to left, with the verticality of
oriental languages conveniently labeling

2

R EF (o

v

horizontal flow. A sample herefrom 1868,
with places to stay and to take a tea break
listed beneath the path. In these guides, the
route map isuninterrupted (avoiding the
discontinuities of western strip maps), snce
the book is made from along thin horizontal
strip, gathered and bound up into a contin-
uously flowing set of linked pages. Below,
another horizontal path, from a section of
Moronobu's 1690 panorama of the Tokaido,
the road from Kyoto to Edo (Tokyo):
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Dance Notation: Commotion and Order

Systems of dance notation translate human movements into signs tran-

scribed onto flatland, permanently preserving the visua instant. Design

strategies for recording dance movements encompass many of the usual

(nearly universal, nearly invisible) display techniques: small multiples,

close text-figure integration, parallel sequences, details and panorama,

a polyphony of layering and separation, data compression into content- 10 Useful guides to dance notation include
focused dimensions, and avoidance of redundancy. Wendy Hilton, Danceof Court and Theater:

Now and again, the paper encoding reflects the refinement of dance The French Noble Style, 1690-1725 (Princeton,

. . . . . 1981); Ann Hutchinson Guest, Dance Nota-
itself —aflowingand graceful line embellished by disciplined gesture, a tion (London, 1984), aswell as her "A Brief

dynamic symmetry inherent to both individual and group proceedings. Survey of 53 Systems of Dance Notation,”

Moreover, some notation systems engender a visual elegance al their National Centrefor the Performing Arts (Born-
VEr, Y genae & bay), 14 (March 1985), 1-14; corrections, ibid.

own, independently of motions described. (June1985), 34-37.

P o dalla Sec Contratiamp, fatto e Conkn [ diPirola Tre quartl di Pirola ol difuori

Folf g Siiladomts, | QR Meweo Coniratempo Due guarti diPirola quart . fuo

1 Contratternps fatto a lato dritto L
s [ i Sy -
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Our understanding of the aesthetics of information is enriched by
examining dance narratives and their visual texture. We come to
appreciate how the underlying designs bring about and enable thejoy
growing from the comprehension of complexity, from finding pattern
and form amidst commotion. "How beautiful it was then," writes Italo
Calvino about atime of radiant clarity in cosmic prehistory, "through
that void, to draw lines and parabolas, pick out the precise point, the
intersection between space and time when the event would spring
forth, undeniable in the prominence of its glow . . ."*

Inevitably the texts begin taxonomically, laying out fundamental
movements in avisua dictionary of dance elements. For most notation
methods, the design of choice is the small multiple— sincethe analytical
task at hand is unswervingly comparative. Variations, sequences, and
combinations naturally follow.

Kellom Tomlinson, The Art of Dancing,
Explained by Reading and Figures (London,
1735),book |1, platesIV, X1V, VIII,VI.

™ 1talo Calvino, Cosmicomics, translated by
William Weaver (New Y ork, 1968), 92-93.

Redrawn from GiambatistaDufort, Trattato
del Ballo Nobile (Napoli, 1728), pp. 44, 55, 66,
68, 75, 77, 83, and 86.
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30 TRATTATO
feriver le danze , flata gia da altri fuft
ficientemente inféegnata,, ma si fola-
mente dell'arte del Ballo ; ho dovuto
in quefto luogo rapportare guei foli fe-
gni , che fono opportuni ad intendere
Ie figure de’ paffi, che feguiranno,

¢DEFGHI XL

B
M
!
RS TUX Z

P a g
JL87898 8 L
La figura ABC rapprefenta il pat-
{0, di cui A dinota il luogo , dove fi
trovava il piede prima di camminare:
la linea AB il cammino fatto : e la li-
nea BC il fito del piede dopo d’aver
camminato, del quale B rapprefenta il

fito

A

INFORMATION

DEL BALLO NOBILE. 31
fito del tallone, e C della punta del
iede.

11 movimento piegato fi defcrive in
due modi tra lor differenti. Primiera-
mente con una piccola linea appiccata
al paflo, in giu riguardante , come fi
vede nella figura D, ed in fecondo
luogo con una confimil linea aggiun-
ta al piede , come P rapprefenta.

Il movimento rialzato notafi pari-
mente cosi ful paflo, come dinota la
lettera E, che ful piede , come Q, con
una piccola linea all'uno, ed all'al-
tro ad angoli retti congiunta .

Il falto & additato dal paffo F,
a cui fono due piccole linee I'una al-
laltra vicine aggiunte ad angoli retti,

Lo fdrucciolamento vien dinotato
da due linee, la prima delle quali ¢ ad
angoli retti al paffo attaccata, e la fe-
conda ad angoli retti alla prima linea,
¢ parallela al paflo, come G rappre-
fenta.

La cafcata da due altre piccole li-
nee vien dimoftrata , la prima delle

qua—

32 TRATTATO
quali & al paffo unita ad angoli retti,
e la feconda ad angoli retti fulla pun-
ta della prima cafcante, parallela al
paflo,ed in fu rivolta, come H fa ve-
dere.

11 tenere il pid in aria fi pud in due
guife fignificare. In primo luogo tron-
candofi con una piccola linea verfo la
punta il palfo, come dimoftra I ; ed in
fecondo luogo troncandofi con una
confimil linea il piede anche verfo la
punta, come R fa vedere.

11 punto meffo davanti alla punta
del piede del paffo K dinota il dovere
appoggiare il pi¢ fulla punta fenza
che il corpo vi fia fu portato. Ed il
medefimo dimoftra il punto meffo da-
vanti ad un piede, come la lettera §
rapprefenta.

11 movimento circolare adoperato
nel luogo, ove fi trova il corpo, notafi
fopra i piedi con un mezzo quarto di
circolo, quando fi voglia moftrare un
mezzo quarto di giro, in quella gui-
fa che s’ offerya nel piede T , con

un

DEL BALLO NOBILE. 33
un quarto di circolo , quando un
quarto di giro s’ha a fignificare , come
fi vede nella lettera V : con un mezzo
circolo , volendofi dimoftrar mezzo
giro, in quel modo,che moftra X:e
finalmente con tre quarti di circolo,
quando fono da notarfj tre quarti di
giro, comeZ ne di a divedere. Quan-
do perd dinotar fi voleffe il movimen-
to circolare andante , le porzioni dj
circolo andrebber mefie , non gia ful-
li piedi , ma foprai paffi,
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Redrawn from Giambatista Dufort, Trattato

On each double-page spread here, identical small-multiple diagrams
del Ballo Nobile (Napoli, 1728), pp. 30-33.

are repeated, facilitating comparisons among dance steps. Descartes did
the same thing in hisPrincipia, repeating one particular diagram 11 times.
Such alayout makes it unnecessary to flip from page to pagein order to
coordinate text with graphic. Words and pictures belong together, gen-
uinely together.'? Separating text and graphic, even on the same page,
usually requires encoding to link the separate elements. Within each
spread above, for example, attentive readers must repeatedly jump back
and forth between text and graphic, which are connected up by 22 letters.
Alphabetical 1abels bestow a sequence on the illustrations, but otherwise
arejust arbitrary codes, unrelated to the dance movements depicted.

Multiplied consecutive images, below, eerily trace out motion, in
these original diagrams from an earnestly scientific system of movement
notation. The proliferating cones and plates perhaps help to envision the
range of three-space action, athough the substance might be forgotten
amid witticisms provoked by the eccentric drawings.

2 E N. da C. Andrade, "The Presentation
of Scientific Information,” Royal Society
Proceedings, Series B, 136 (1949-1950), p. 328;
Albert D. Biderman, "The Graph as a
Victim of Adverse Discrimination and
Segregation,” Information DesignJournal, |
(1980), pp. 232-241; and Edward R. Tufte,
The Visual Display of Quantitative Information
(Cheshire, Connecticut, 1983), pp. 180-182.

Noa Eshkol and Abraham Wachmann,
Movement Notation (London, 1958), 10, 11,
20, 31.

e
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Free play of dance and castanet music is disrupted above by a grid- Shown are redrawn extracts from the score

; ; : ; ; ; Cachucha for the bdlerina Fanny Elder, in
prlgon of heavy. Ilnes,.whlch cI.utter the mfor.matl on flow. These active Friedrich Albert Zorm. Grammar oftheArt of
stripes are visually disproportionate to the tiny sum of content conveyed;  Dancing: Theoretical and Practical, tranglated
grids can be implicit or nearly transparent, as a revision below indicates. ?slazAd)l Sg%f e(%det!):a 1887, ggﬂsczn. ;;%5.

,P. , ana, ow, pp. a1, JA4.
Note the floorplans of two-space paths of each dancer, and aso parallel verticaly to see the s multaneous actions of

sequences with profiles of motion running with music: four dancers; horizontally for sequence.
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De-gridding the procession above enhances the depiction of continuous
movement, avoiding the arrested and disembodied quality found in some
compilations of dance notation. Here the representations become tiny
stick-figures, nonetheless preserving fine details:
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New meaning to the idea of integration of word-and-image is given
by these quick-witted drawings from Rameau's 1725 Dancing Master.
Such innovations, restricted by the exacting horizontality of traditional

typographic grids, are now easily—sometimestoo easily — accomplished
in computerized typesetting and display programs. Rameau furnishes an

uncommon demonstration of the informational, rather than exclusvely

ornamental, use of swirling words.

Symboalic abstraction is the prevailing doctrine in modern notational
systems, with meticul ous codes assembled for thousands of movements
in huge dictionaries. Shown are variations on the handstand, as surely

must be obvious.
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Pierre Rameau, Le Maitre adanser (Paris,
1734),illustrations 84, 88, 258.

Albrecht Knust, DictionaryofKinetography
Laban (Labanotation) (Estover, Plymouth,
United Kingdom, 1979), II, p. 79.
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The microscopic and abstracted encodings of contemporary dance
notation—sofussy and clumsy and contrary to the wholeness of the
substance—provokedthe choreographic eye of Lincoln Kirstein of the
New Y ork City Ballet:

A desire to avoid oblivion is the natural possession of any artist. It isintensified in
the dancer, who is far more under the threat of time than others. The invention of
systems to preserve dance-steps have, since the early eighteenth century, shared a
startling similarity. All these books contain interesting prefatory remarks on the
structure of dancing. The graphs presented vary in fullness from the mere bird's-
eye scratch-track of Feuillet, to the more musical and inclusive stenochoreography
of Saint-Léon and Stepanov, but al are logically conceived and invitingly rendered,
each equipped with provocative diagrams caculated to fascinate the speculative
processes of a chess champion. And from a practical point of view, for work in de-
termining the essentia nature of old dances with any objective authority, they are
al equaly worthless. The systems, each of which may hold some dlight improve-
ment over its predecessor, are so difficult to decipher, even to initial mastery of their
alphabet, that when students approach the problem of putting the letters together,
or finaly fitting the phrases to music, they feel triumphant if they can decipher
even a single short soloenchainement. An analysis of style is not attempted, and the
problem of combining solo variations with a corps de ballet to provide a chart of an
entire ballet movement reduces the complexity of the problem to the apoplectic.”®

This profound and informed frustration reflects the essential dilemma
of narrative designs—howto reduce the magnificent four-dimensional
reality of time and three-space into little marks on paper flatlands. Per-
haps one day high-resolution computer visualizations, which combine
dightly abstracted representations along with a dynamic and animated
flatland, will lighten the laborious complexity of encodings—andyet il
capture some worthwhile part of the subtlety of the human itinerary.

B Lincoln Kirstein, Ballet Alphabet (New
York, 1939), pp. 49-52, entry on "Notation
(Stenochoreography or Dance-Script)."
KirsteindescribesKellom Tomlinson's1735
Art of Dancing (whichwehave seen here
andin Chapter |) as"splendid . . . the finest
representations of the Minuet to be found
are rendered more complete by a series of
careful portrait engravings of dancers mov-
ing on the floor-track of a choreographic
short-hand."



m’hauer poi col tempo a difdire. E per quefto medefimo rifpet-
to non mi rifoluerei a porre intorno a Saturno altro che quello,
che gia offeruai, e {coperfi, cioe due piccole ftelle , che lo toc-
cano, vna verfo Leuante , e I'altra verfo Ponente, nelle quali
non s’¢ mai per ancora veduta mutazione alcuna , né refoluta-
mente ¢ per vederfi per I'auuenire, {e non forfe qualche ftraua-
gantifiimo accidente lontano non purda gli altri mouimenti
cogniti a noi,ma da ogni noftra immaginazione. Ma quella che
pone Apelle del moftrarfi Saturno hora oblongo, & hor' ac-
compagnato con due Relle 2 i fianchi , creda pur V. S. ch’é fta-
ta imperfezzione dello ftrumento, 6 dell’occhiodel riguardan-
te;perche fendo la figura di Saturno cosi ()0 ;come moftra-
no alle perferte vifte i perfetti ftrumenti , doue manca tal
perfezzione apparifce cosi > non fi diftinguendo perfetta-
mente la feparazione , e figuradelle tre ftelle; ma io che mil-
le volte in diuerfi tempi con eccellente ftrumento I'ho riguar-
dato, poflo afficurarla, che in effo non fi € {corta mutazione
alcuna, e la ragione ftefla fondata fopra I'elperienze,che hauia-
mo di tutti gl'aleri mouimenti delle ftelle ci puo render certi
che parimente non vi fia per eflere . perche quandoin tali ftel-
le foffe mouimento alcuno fimile 2 i mouiment idelle Medicee,

o di altre fteile, gia doueriano eflerfi feparate, O totalmente
D congionte

Stelle la-
terali di
Saturno
Jeoperte
dall Au-
tore,e loro
condizio-
ni.

Diuerfita
nel veder
Saturno

cagionata
da diferto

Galileo Gdlile, Istoriaedimostrazoni intorno
alle macchie solan... (Rome, 1613), p. 25.
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Epilogue

IN 1613,when Galileo published the first telescopic observations of
Saturn, word and drawing were as one. The stunning images, never
seen before, werejust another sentence element.

Saturn, a drawing, aword, anoun.

The wonderful becomes familiar and the familiar wonderful.
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