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Foreword

In his Atlas of 1786, William Playfair wrote of the increas-

ing complexity of modern commercial life. He pointed out

that when life was simpler and data were less abundant,

an understanding of economic structure was both more

difficult to formulate and less important for success. But
by the end of the eighteenth century, this was no longer

true. Statistical offices had been established and had begun
to collect a wide variety of data from which political and

commercial leaders could base their decisions. Yet the

complexity of these data precluded their easy access by

any but the mostdiligent.

Playfair’s genius was in surmounting this difficulty
through his marvelous invention of statistical graphs and

charts. In the explanation of his innovation he tells the

viewer: “On inspecting any oneof these Chartsattentively,

a sufficiently distinct impression will be made, to remain

unimpaired for a considerable time, and the idea which

does remain will be simple and complete, at once including

the duration and the amount. Menofgreat rank, or active

business, can only pay attention to general outlines; nor

is attention to particulars of use, any further than as they

give a general information: Andit is hoped, that with the

assistance of these Charts, such information will be got,

without the fatigue and trouble of studying the particulars

of which it is composed.”*

Playfair understood the powerof his invention to convey

information; or, if poorly done, to misinform: “As the

purpose of the following Charts is to convey information

in a distinct and easy manner,like History, the chief merit

that they can haveis truth and accuracy. The mode here

adopted for conveying information 1s accurate 1n principle,

though in execution it may be liable sometimesto error. I

have, however, spared no pains to avoid mistake. .. .”

In the course of his great work Playfair illustrates good

graphic practice but does not explain why the specific

structures of his graphic forms and formats work; nor

does he provide any theory to guide future constructors

of graphics. A major effort in that regard lay almost two

centuries in the future.

Jacques Bertin’s Sémiologie graphique is the most

important work on graphics since the publication of Play-

fair’s Atlas. Its arrival could not have been morepropitious.

The complexity of eighteenth-century Britain and the mas-

siveness of available data are buttrifles in comparison to

today’s complex network of data sources and topics. These

*William Playfair. The Commercial andPolitical Atlas (London: Corry).

+B. Feinberg and C. A. Franklin, Social Graphics Bibliography (Washington,
D.C.: Bureau of Social Science Research, 1975).

data are being transformed into graphic formsat a breath-

less pace.
This graphic explosion, though caused by the need to

present massive amounts of information compactly, is

abetted by the computer. Computers can produce instruc-

tions for graphic output as easily as they can crunch

numbers.Plotters, their partners in this graphic symbiosis,
are now available in a dizzying range of capabilities and

prices. Moreover, the means of disseminating graphics has

advanced almost apace with the meansof producing them.

Today’s printing techniques do not distinguish between

word and image—the pageis merely a matrix of white and
black to be arranged. Thus, as the need for graphics has

increased, the means for producing and reproducing them

have improved.

All the pieces are here—huge amounts of information,

a great need to clearly and accurately portray them, and

the physical means for doing so. Whatis lacking 1s a deep

understanding of how bestto doit.

Jacques Bertin here provides a giant step toward such

understanding. The Sémiologie was first published in

French in 1967, with a second edition appearing in 1973. A

Germantranslation was published in 1974. This translation

is of the second French edition. Sinceit first appeared the

book has becomea classic in its own strange and wonder-

ful way. No one has thoughtat greater length than Bertin

about how quantities can be represented on paper. It 1s

without a doubt the most penetrating study ever made of

the use of graphics for both analytical and presentational

purposes. Nothing that I know approachesit. It is fresh,

full of new ideas, and lavishly illustrated.

One of Bertin’s insights is his observation that while

no one makes the mistake of confusing language with

writing, the turn of phrase with calligraphy, few make the

analogous distinction in graphics—there is widespread

confusion between “the construction of the image and the

quality of the stroke.” We have too long muddled along in

an intuitive or traditional manner. Bertin’s book provides

a grammarfor graphics;at last it 1s available in English.

This translation was begun in 1977 as part of the National

Science Foundation-supported “Graphic Social Reporting

Project.” This project was done at the Bureau of Social

Science Research, Inc., under the direction of Albert D.

Biderman and myself. As part of an earlier study at the

Bureau in 1971, a survey of the literature on graphic rep-

resentation in statisticst had disclosed the towering impor-

tance of the Sémiologie and the lamentable consequences

of its inaccessibility to non-Francophones. Translating

the Sémiologie therefore figured as an essential step in a

1X



follow-up proposal to the NSFto further prepare the social

sciences for the “graphic revolution” that technology was

about to create. We enlisted the aid of Professor William

J. Berg, whose expertise in French and background in the

theory of perception made him a naturalchoiceforthe task.

One of the great rewards of this activity was the oppor-

tunity it afforded Berg and myself to meet Jacques Bertin.

In the years since this project was started we have met

many timesin sites as diverse as a Paris bistro, the Toronto

airport, a Washington motel, and the lush countryside of

the Virginia horse-country. The topic under discussion was

always la graphique. We often wrestled with certain words,

and how to translate them best. The French word plan

could have been the English “plan,” or “plot,” or “scheme,”

or “plane.” Context wasn’t muchhelp, since we often saw

the phrase “the two dimensions of the ‘plan.’ ” All four

of the choices fit. The final choice, “plane,” resulted after

much debate (and after noting that the Germantranslation

chose -ebene).

On another occasion as we were driving through the

rolling hills of Virginia, Berg asked Bertin to point out

a dorsale should he happen to see one, in hopes that he

would then better understand what was the appropriate

English word.
To provide a sense of the effort Berg expendedin this task

I note correspondence from 1979, where Berg described

the following problem andits resolution: “One of Bertin’s
examples mentions in passing the ‘foires de Bisenzone...
a Plaisance et a Novi de 1600 a 1653.’ The problem was
to track down and translate the place names, which was

complicated by the fact that Bertin’s source was probably

an Italian work. Is Bisenzone an actual name? TheItalian

author’s rendering of a French word? Bertin’s rendering of

an Italian word? Etc.? The same holds true for Plaisance,

which could be a French city of that name or a French

version of the Italian Piacenza or the Spanish Plasen-

cia.” After consulting with Italian and Spanish colleagues,

looking for the Italian work Bertin alludesto, and studying

linguistic atlases in several languages, Berg tried to track

down the solution throughthefairs held at that time. Erwin

Welsch, a reference librarian at Wisconsin, came up with

a probable solution: “There were the ‘Fairs of Besancon’

held by Genoese merchants (hencethe Italian form) from

1535 in that free city in Franche-Comté. Subsequently they

moved to Piacenza (Plaisance in the French form) from

1579 to about 1622, but these markets werestill called

‘Besancon Fairs’ because of their origin. The ‘Novi’ as a

city probably refers to Novi di Modeni, whichis near Pia-

cenza, but that is not entirely clear.”

The recounting of this episode is meant to convey the

care that went into this translation, and to allude to the

help that many provided (although credit for the mass of

the translation should, properly, be Berg’s). Among these

many are: Albert D. Biderman, whoinstigated the work;

Murray Aborn, of the National Science Foundation, who

for a decade provided encouragement for the work cen-

tered at the Bureau of Social Science Research on the

graphic representation of social data; Arthur H. Robinson,

who gave a careful reading and commentary on the work

in its final stages; Judy Olson, Jan Mursey, and Edward

Tufte, who lent their support and advice at various times

during the course of the project; Susan Wise and Norma

Chapman,whotyped the manuscript from what must have

seemedlike an endless array of cassettes, and then retyped
its revisions.
Among the numerous staff members of the University

of Wisconsin Press, the following deserve special credit:

Acquisitions Editors Irving Rockwood and Peter Givler
for their courage in undertaking such a vast and complex
project; Chief Editor Elizabeth Steinberg and her col-
leagues Ann Ball and Debra Bernardi for carefully over-

seeing the editing of the text; Gardner Wills, John Delaine,

and Marj Winch for patiently preparing the art work; and

Bill Day, for pushing the project to completion. And of

course, Professor and MadameBertin for their help and

enthusiasm with this project, which they communicated to

us with wit and Gallic charm.

Howard Wainer

Princeton

1983



Preface to the 2010 edition of the English translation

Howard Wainer

National Board of Medical Examiners

In the preface to the 1983 translation of the Semiology, |

emphasized the book’s importance as a guideto the future,

for it seemed clear that we were on the cusp of an explosion

in the use of graphical methods for both the exploration

and communication of complex data. This prediction came

true. In the intervening twenty-seven years a huge amount

of work has been accomplished to help us use graphical

methods profitably. This work has been in hardwarethat

can produce graphical displays quickly and inexpensively;

software that can translate data files into graphical repre-

sentations with the click of a mouse; andstatistical and

perceptual research that helps us know howto use these

tools well.

Let me briefly comment only on the latter two aspects.

(I choose to refrain from any commentary on hardware

because my remarks would almost surely be out of date

before they wereprinted.) First, graphical software: thirty

years ago I was enthusiastic and optimistic about the future

of graphical use. I thought software would be built with

sensible default options, so that when the software was

set on maximalstupidity (ours not its), a reasonable graph

would result. The software would force you to wring its

metaphorical neck if you wanted to produce somehorrible,

pseudo 3-D, multicolored pie chart. Alas, I couldn’t have

been more wrong. Instead of making wise, evidence-based,

choices, default options seem to have been selected by the

same folks who denylanding on the moon,global warming,

and evolution. I could not have imagined back then that the

revolution in data gathering, analysis, and display taking

place in the last decades of the twentieth century would

have resulted in the complexity of the modern world being

conveyed in bullet-points augmented by PowerPoint and

Excel graphics.

The irony of this sorry result is that, since the original

publication of the Semiology, there have been many won-

derful books on graphics—each building on the work of

Jacques Bertin as well as John Tukey’s practical epistemol-

ogy. Bill Cleveland’s work uses a combinationofstatistical

savvy and experimental evidence to support and expand

upon Bertin’s foundation. Edward Tufte’s brilliant series of

books self-exemplifies the advice he gives on how to make
evidence beautiful. Leland Wilkinson’s The Grammar of

Graphics provides a codification that is invaluable for both

how to think about the structure of graphics and how to

automatetheir construction. And my own work has mixed

together statistics, graphics, and history to provide illus-
trations of what we can accomplish with this marvelous

medium. Indeed, the growing popularity and importance

of graphics even madeit viable for a publisher to reprint

William Playfair’s eighteenth-century Atlas, the work that

beganitall.

But despite this accumulating graphic wisdom,practice

continuesto lag. I cannot help but believe that, had Bertin’s

masterworknot fallen out of print, some of today’s graphi-

cal ignorance would have been ameliorated. This view

wassurely shared by the publishing arm of Ecole Pratique

des Hautes Etudes, which republished a fourth edition of

the French version in 2005. At about the same time the

University of Wisconsin Press was seriously considering

the republication of the English translation. Sheila Leary,

Director of the University of Wisconsin Press, explained,

“University of Wisconsin Press had been consider-

ing bringing Semiology of Graphics back into print

several years ago and had begun workto bring that

about, checking into renewingrights from the French

publisher, looking into arranging for a translation of

new material from a newer French edition, getting

cost estimates, etc. However, several retirements and

staff changes sent the project to the back burner for

a while.”

This delay was unfortunate because the market for a

republication seemed more than ready. Today on Amazon,

I noticed that one could get a new copy for $550 and the

price for a used one beganat $399. These remarkable prices

merely reflect supply and demand,for those of us who have

our Own copiesare loath to part with them. Happily, Esri

decided to do it. They approached the University of Wis-

consin Press and, as Learyrelated,

“As we re-opened thefile to get the ball rolling again,

we were contacted by Esri expressing their interest

in licensing the book for a new English-language

edition. When werealized that Esri had a strong

publishing program in cartography and cartographic

design, the UW Pressfelt that Esri would be a better

homefor Bertin’s book, where it would receive much

more active promotion. ...We well know that the

Semiology of Graphics 1s an important book with an

eager audience, and it seemed to us that Esri would

do a fine job of bringing the new edition to that

audience.”

X1



This publishing generosity is as welcome asit is rare.

The reappearance of the Semiology did not come too

soon, for our need for improving the quality of displays

increases apace with the increase in the numberof graphs

being produced. I am certain that the quality of displays

that are prepared to communicate quantitative phenomena

will improve in direct proportion to the extent to which

this book is read and internalized by those who generate

graphics, and more importantly, by those who develop the

software that are used to produce them.
The body of the text in this edition is identical to the

previous edition: what is new is the postface, which is an

update of work done over the decades since the Semiology

was previously published and a chronology by the author

explaining what is new. But whatis newis besidethe point,

for the original work was far aheadofits time. I remember

many years ago as Bertin, Bill Berg (the principal transla-

tor), and I were discussing the translation, Berg said of one

of Bertin’s expressions, “Ca ne se dit pas, en Anglais” (We

don’t say that in English); Bertin replied: “Ne vous inquié-

tez pas: sicaneSe dit pas, ¢a Se dira” (Don’t worry;if you

don’t say it now, eventually you will).
Manyof us are saying it now, and with the republication

of the Semiology, many more soon will be.

X11
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PREFACE

Sémiologie graphique was written in 1965, published in

1967 and revised in 1973; the 1973 edition is translated

here. More than ten years have passed. Have the con-

clusions reached in 1973 been profoundly altered? The

publication in 1981 of Graphics and Graphic Information-

Processing (Berlin and New York: Walter de Gruyter)*

showsthat the essential points have not changed. However,
with the passage of time some analyses have been simpli-

fied, certain thoughts are now clearer andbetterillustrated.

But, especially, ideas have been organized differently in

light of the evolution of mathematics, computers, and, of

course, modern graphics, whose applications are becom-

ing increasingly diverse.

A first reading of the Sémiologie graphique

From 1965 to 1973, we were still in the era of complex

cartography, of national, regional, and specialized atlases

printed in multicolored editions. In numerousdisciplines

the map came to constitute the basic inventory, the best

available “artificial memory.” This wasalso the era of “‘sta-

tistical geography,” “‘statistical history,’ and we witnessed

the first examples of extensive use of computers. In doing

our first automated maps, we had to use an IBM that was

tens of cubic meters in size. But this computer, however

unwieldy, finally made possible the use of complex multi-

variate analyses, which had begunto be applied in various

domains.Finally, this was the era of confrontation between

“information theory” and “communication theory,’ which

inspired most graphic research: How should we draw?

*Translation by William J. Berg and Paul Scott of Jacques Bertin, La Graphique

et le traitement graphique de l'information (Paris: Flamarion, 1977).

What should be printed to facilitate “communication,”

that is, to tell others what we know, without a loss of
“information”?

It is in this context that the Sémiologie graphique was

read. It was seen as a study of the fundamentals of car-

tography; and reviewers commented especially on the

identification of the visual variables. However, the process

of reading a graphic and the different properties of the

visual variables, which determine the very usefulnessof a

graphic, did not draw muchattention. No moreso, it would

seem, than the pages devoted to permutation,thatis, to the

use of the graphic as a tool for research and processing.

The statistical and graphical world wasstill at the stage

where the image was printed andfixed, intended asit was

for “communication.”

Ten years of evolution have brought aboutan entirely dif-

ferent perspective. Fundamentaltodayare the properties of

the visual variables and the processes of graphic classing

and permutation. We are entering the era of “operational

graphics.”

Information processing

Thanks to the computer, information processing has devel-

oped prodigiously. We now know that “understanding”

means simplifying, reducing a vast amount of “data” to

the small number of categories of “information” that we

are capable of taking into accountin dealing with a given

problem. Research in experimental psychology suggests

that this number is around three and hardly ever exceeds

seven. Information processing involves finding the most

acceptable methods for attaining this indispensable sim-

plification. Our forerunners, who did not have the advan-

tage of the computer and were generally unaware of the

potential of matrix permutation, proceeded by successive

simplifications. The time consumed by such a process

severely limited the scale and scope of research possibili-

ties. Now, with the computer, all manner of comparisons

seem within rapid reach. The computerprovides the neces-

Sary simplification, and webelieve that that’s the endofit!

Vive l’intelligence artificielle! No further need for thought!

But there is... happily! We still need thought because

the most observant mathematicians realize that the power-

ful tools which they have created lead to a lack of reflec-

tion on the part of researchers. However, simply “feeding

data to the computer” doesnotin itself constitute scientific

work. We have learned that the most importantstages are

not those that can be automated, but in fact those preced-

ing and following automated processing. Indeed, these

stages involve two new questions:

Xill



A. Whatlevel of simplification is best? In fact, whenever

a data table is involved, we encounter different answers

according to the type of calculation used. Wefind our-

selves, just like our “ancestors,” facing a problem of choice:

a choice of pertinent subsets, of weightings, of exclusions;

but also a choice of distance calculations and algorithms.

No computer will tell us which algorithm is missing.

B. Are the data we feed to the machine pertinent to the
problem being considered? In effect, the answers the

computer provides fall within the “finite framework” of

the data put into it. But is this finite set, extracted from

infinity, the best one? Thefirst simplifications stemming

from calculation most often lead to criticizing the data and

imagining new ones. No computer will tell us which data

are missing.

In short, we must call upon external elements—our own

knowledge and intuition—in order to imagine data and

relationships about which the machine has not yet been

instructed. In fact, these two questions send us back to

ourselves, that is, back to “natural” intelligence (if in fact

intelligence can be clearly defined).

The entire problem is one of augmenting this natural
intelligence in the best possible way, of finding the arti-

ficial memory that best supports our natural means of

perception.

This artificial memory must transcribe a large number

of data. It must display groupings of objects and charac-
teristics, as well as exceptions to these groupings. These

exceptions are capable of guiding interpretation, of creat-

ing nuances,of stimulating new research. Finally, it must

be easily modifiable, to accommodate the very studiesit

has spawned.

The graphic artificial memory

It would appearthat the artificial memory that bestfulfills

all the above conditions is the permutable graphic con-

struction, x y z, that is, the “reorderable matrix.”

We no longer speak of a rivalry between graphics and

data analysis. Quite the contrary, we recognize the com-

plementary nature of the two languages, particularly at the

Stage of interpretation. Thus question A, which mathemat-

ics seeks to answer by the “calculation of contributions,”

finds a remarkably efficient answer in graphics.

This discovery of the power and universality of the x y z

construction leads directly to the “matrix theory of graph-

ics,” which defines graphics as the sign-system represent-

ing any problem conceivable in the form of a double-entry

table. This definition excludes “pictography,’ the sole

purpose of whichis to define a givenset. It applies directly

to cartography and, in fact, defines its specific, salient

property: a constant x y that serves as the basis for com-
paring different z components. However, this theory also

defines the limits of cartography, as we shall see. But these
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limits prove, if such proof were necessary, that all human

logic appears to be based on thevisual properties afforded

only by the x y z construction, that is, on the natural and

immediate perception of the relationships among three

‘dimensions.” Beyondthat lies the fourth dimension, time,

accessible only to human memory.

The technological explosion makes questions A and B

even more pertinent. The power of ten cubic meters of

1965-vintage computer can now beheld in the palm of

the hand. Thanksto telephone hookup, the minicomputer
presently affords us accessto millions of data. Which ones

should we use? It offers us thousandsof algorithms. Which

ones should we choose? It enables us to display the differ-

ent results of processing. Which ones should weretain and

how should weinterpret them?

Mathematics andelectronics afford us increasingly pow-

erful meansof dealing with data. But at the same time they

multiply the numberof arbitrary choices without changing

our natural means of perception in the slightest. It thus

comes downto utilizing these natural means in the best

way in orderto justify the necessary choices.

6

A new reading of the Sémiologie graphique

The passage of time thus leads us to read the Sémiologie
graphique from a new perspective and to propose the fol-

lowing priorities:

1. The way to “see” a graphic or a map.

One doesnot “read” a graphic; one asks three questions

ofit.
— What are the x and y componentsof the data table?

— Whatare the groups in x and in y that are constructed by

the data in z?

— What are the exceptionsto these groups?

A graphic should not show only the leaves; it should show

the branches as well as the entire tree. The eye can then

go from detail to totality and discover at once the general

structure and any exceptionstoit.

The questions left without visual answers measure the

uselessness of poor constructions. Above all we must learn

to pose these three questions. Need we recall that many

‘experts’ remain unaware of them? It would be foolish to

count on their opinion if they are ignorantof the true prop-

erties of graphics.

6

2. The x y z construction of the image.

This alone permits us to respond to the preceding ques-

tions. In any other construction, we see only the leaf,

and sometimes the branch;butthe tree itself will always

remain invisible.

X and y are the orthogonal dimensionsof the table; z 1s

the variation in light energy at each signifying point of

the table. This variation can only be obtained by size and

value. These, along with the x and y dimensions,constitute

the “image variables.” The other visual variables—texture,



color, orientation, and shape—only serve to vary the

quality of the energy, not its quantity. These are the “dif-

ferential variables.”

3. The permutation of the rows and columnsofthe x y z

matrix.

This is the visual form of information processing. It
enables us to discover the groups in x and the groups in
y constructed by the data in z, that is, to reduce the vast

amountofinitial data to an accessible numberofcategories

of information. This manipulation can follow various auto-

mated processes. It provides the bases for discussion and

decision making. The minicomputer hasputthis processof

interpretation within everyone’s reach.

4. The application of matrix theory to cartography.

Matrix theory enables us to read a map and define the

two most pertinent questions: What is at a given place?

This is the question involving x (objects) of the data table.

Whereis a given phenomenon? Thisis the question involv-

ing y (characteristics) of the data table. We can thusdistin-

guish two types of maps: maps showing one phenomenon,

which allow us to answer both questions; and maps dis-

playing several phenomena, which generally enable us to

answer only the first question. By replacing Lasswell’s

“how” with “why,” this analysis controls the study which

should precede any cartographic construction.

Applications
Beyond graphic processing, beyond algorithmic process-

ing, which it complements naturally, the “semiology” of

graphics—the study of graphics as a sign-system—1is

being applied in several new directions.

In the visual arts, for example, the semiological approach

to graphics provides a rigorous analysis of the visual means

used by the artist. It defines the basic properties and laws

governing the arts and suggests objective criteria for art

criticism.

Moresubstantial yet is its application in pedagogy. The

studies of R. Gimeno,* conducted in numerous elemen-

tary classes, show that graphics can introduce into all

disciplines the bases of logic and the essential processes

of analysis and decision making. Graphics can stimulate

exceptional motivation, foster better questions, aid in con-

structing the written text, and. . . reveal the intelligence

of so-called “poor students.” Learning by graphics is no

doubt one of the best answers to the pointed and universal

problem of educational renewal and to the question ofthe

role of the computer in the classroom.

*R. Gimeno, Apprendre al école par la graphique (Paris: Retz, 1980).

+Marie M. Rabiller, “Un Outi! infographique pour l’organisation des données”
[dissertation, Université de Nantes [Unité de recherches en mathématiques], 1982).

Let’s return to question B: What data table should we

construct? What data should we feed to the computer? For

this fundamental question, graphics provides assistance

in the form of the “matrix analysis of a problem.” This

analysis enables us to structure the various ideas which

we entertain at this stage in a mannerthat is coherent and

operational but does not limit freedom of thought. This

occurs through the drafting of three documents:
— The “apportionment table,’ which is completely open to

all ideas.

— The “homogeneity schema,” whichrecalls the essential

constraints of the problem and permits defining aninitial

coherent table and specifying modesof processing.

— The “pertinency table,” which enables us to judge the

pertinency of the data retained in relation to the initial

questions.

Finally, these tools are completed by the definition of an

“aggregation cycle.”

The entirety of this analysis figures in Graphics

and Graphic Information-Processing. It has now been

computerized.t

Apart from this last analysis, all the essential points

raised in this preface are, in fact, already expressed in the

Sémiologie graphique, which leads from classic graphics

to modern graphics.

Classic graphics involves the FIXED image, which we

generally encounter in published form. This is the means

of communicating the results of scientific research, some-

times rigorously. But too often useless constructions

obscure these results while displaying only the initial ele-

mentary data. We must recognizethat the reader realizes

this. Since time is of the essence, the reader simply ignores

the drawings and turns to the text for the simplification

necessary for comprehension and communication. The

“uninitiated” author, the “habit-ridden” designer, and the

“illiterate” layout editor bear a heavy responsibility for this

rejection of the potentially incomparable language which

is graphics. We must recognize that graphics is learned,

not inherited.

Modern graphics involves the TRANSFORMABLEand

reorderable image. This is the rigorous research tool that

enables the decision makerto discover what should be said

and done. The computer, particularly the minicomputer,

will find its most complete and powerful means of expres-
sion in modern graphics. Moreover, this will take the form

of the simplest and thus most communicable image!

It is this image that Semiology of Graphics proposes to

construct.

Jacques Bertin

Paris

February 1983
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Part One

Semiology of the graphic sign-system



General theory

Graphic representation constitutes one of the basic sign-
systems conceived by the human mind for the purposes

of storing, understanding, and communicating essential

information. As a “language”for the eye, graphics benefits

from the ubiquitous properties of visual perception. As a

monosemic system, it forms the rational part of the world
of images.

To analyze graphic representation precisely, it is helpful

to distinguish it from musical, verbal, and mathematical

notations, all of which are perceived in a linear or tempo-

ral sequence. The graphic image also differs from figura-

tive representation, essentially polysemic, and from the

animated image, governed by the laws of cinematographic

time. Within the boundaries of graphics fall the fields of

networks, diagrams, and maps. The domain of graphic

imagery ranges from the depiction of atomic structures to

the representation of galaxies and extendsinto the spheres

of topography and cartography.
Graphics owesits special significance to its double func-

tion as a Storage mechanism and a research instrument.

A rational and efficient tool when the properties of visual

perception are competently utilized, graphics ts one of the

major “languages” applicable to information processing.

Electronic displays, such as the cathode ray lube, open up

an unlimitedfuture to graphics.
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Definition of graphics

Based onrational imagery, graphics differs from both figu-

rative representation and mathematics. In order to defineit

rigorously in relation to these and other sign-systems, we

shall adopt a semiological approach and begin with two

rather obvious statements: (a) the eye and the ear have two

distinct systems of perception; (b) the meanings which we

attribute to signs can be monosemic, polysemic, or pan-

semic (figure 1).

A monosemic system

A system is monosemic when the meaning of each sign is

known prior to observation of the collection of signs. An

equation can be comprehended only when the unique

meaning of each term has been specified. A graphic can be

comprehended only when the unique meaningof each sign

has been specified (by the legend). Conversely, a system is
polysemic when the meaning of the individual signs follows

and is deduced from consideration of the collection ofsigns.

Signification becomes subjective and thus debatable.
Indeed,a figurative image, and for that matter, an ordinary

photograph,or an aerial photograph, is always accompanied

by a certain amount of ambiguity: ““Who is this person?”

“What does this black mark or that shape represent?” To

these questions, each person will respond individually, since

interpretation is linked to the repertoire of analogies and

Structures characterizing each “receiver.” And this reper-

toire varies from one individual to another, according to

personality, surroundings, period, and culture. Faced with

the polysemic image, the perceptual processtranslates into

the question: “What does such an elementor collection of

elements signify?” and perception consists of decoding

the image. The reading operation takes place between the

sign and its meaning. The abstract painting represents an

extreme form of polysemy. In its attempt to signify “every-

thing”it no longersignifies anything precise and so becomes

“pansemic.”

On the other hand, in graphics, with a diagram or map,for

example, each element is defined beforehand. The percep-

tual process is very different and translates into the question:

“Given that such a sign signifies such a thing, what are the

relationships amongall the signs, amongall the things rep-

resented?” Perception consists of defining the relationships

established within the image or among images, or between

the image andthe real world. The reading operation takes

place amongthe given meanings.

This distinction is fundamental because it suggests the

true purpose of “graphics” in relation to other forms of

visualization.

What does it actually mean to employ a monosemic
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system? It is to dedicate a momentfor reflection during

which one seeks a maximum reduction of confusion; when,

for a certain domain and duringa certain time,all the par-

ticipants come to agree on certain meanings expressed by

certain signs, and agree to discuss them nofurther.

This convention enables us to discuss the collection of

signs and to link propositions in a sequence which can then

become “undebatable,” thatis, “logical.”* This is the object
of mathematics, which deals with problems involving a tem-

poral sequence.It is the object of graphics, which operates

in areas linked to the tridimensionality of spatial percep-

tion. On this point, graphics and mathematics are similar

and construct the “rational moment.”

A visual system

But graphics and mathematics differ in the perceptual struc-

ture which characterizes each of them. It would takeat least

20 000 successive instants of perception to compare two

data tables of 100 rows by 100 columns.If the data are tran-

scribed graphically, comparison becomeseasy; it can even

be instantaneous.

As wesee in figure 2, auditory perception has only two

sensory variables at its disposal: sound and time. All the

sign-systems intended for the ear are linear and temporal.

(Rememberthat written transcriptions of music, language,

and mathematics are merely formulae for setting down

systems which are fundamentally auditory, and that these

formulae do not escape from the linear and temporal char-

acter of the systems themselves.)

On the other hand, visual perception hasat its disposal

three sensory variables which do notinvolve time: the vari-

ation of marks and the two dimensionsof the plane. The

sign-systems intended for the eye are, above all, spatial

and atemporal. Hencetheir essential property: in an instant

of perception, linear systems communicate only a single

sound or sign, whereas spatial systems, graphics among

them, communicate in the same instant the relationships

amongthree variables.

Maximum utilization of this considerable perceptual

powerwithin the framework of logical reasoning is the true

purpose of graphics, the monosemic domain of spatial

perception.

Evolution of graphics

The effectiveness of graphics has long been recognized.

The most ancient graphic representations which have been

discovered are geographic maps engraved on clay, and they

probably date from the third millennium before Christ.

Graphic imageswere first conceived, and arestill usefully

*Monosemyis the fundamental condition of logic, but it also defines its limits.

In effect, monosemy can only exist within a finite domain of objects and relation-
ships. Logical reasoning, therefore, can only be a momentofreflection, since there
is an infinite numberoffinite domains, howeverlarge they may be. Logic appears,
then, as a sequence of rational moments immersed in the infinite continuum of the
irrational.



I. Analysis of the information

Information and representation

conceived, as reproductions of the visible world, which
benefit from only one degreeof freedom,thatofthe scale. In

a molecular model, a geometric figure, an assembly diagram,

an industrial drawing, a geologic section, or a map, the two
dimensions of the coordinate plane are identical to those of

the visible space, adjusted for the scale of the drawing.

One hadto wait until the fourteenth century to suspect,at

Oxford, and until the eighteenth century to confirm, with

Charles de Fourcroy (see page 202), that the two dimen-

sions of a sheet of paper could usefully represent something

other than visible space. This amounts to a transition from

a simple representation to a “‘sign-system”that is complete,

independent, and possessesits own laws,thus falling within

the scope of SEMIOLOGY.

Andnow,at the end of the twentieth century, with the pres-

sure of modern information and the advances of data pro-

cessing, graphics 1s passing through a new and fundamental

stage. The great difference between the graphic represen-

tation of yesterday, which was poorly dissociated from the

figurative image,and the graphics of tomorrow,is the disap-

pearanceof the congenital fixity of the image.

When one can superimpose, juxtapose, transpose, and

permute graphic images in waysthat lead to groupings and

classings, the graphic image passes from the dead image,
the “illustration,” to the living image, the widely accessible

research instrumentit is now becoming. The graphic is no

longer only the “representation” of a final simplification,it

is a point of departure for the discovery of these simplifica-

tions and the meansfor their justification. The graphic has

become,by its manageability, an instrumentfor information

processing. Its study must begin, then, with the analysis of

the information to be transcribed.

Thought can only be expressed within a system of signs.

Mimicry is a natural form of coding; verbal language is a

code of auditory signs (which must be learned in order to

communicate with others); the written language is another

code; graphic representation yet another. Memory storage

on disks, tapes or in computers necessitates appropriate new

codifications.

Graphic representation is the transcription, into the

graphic sign-system, of “information” known through the

intermediary of any given sign-system.

Graphic representation can thus be approached by semiol-

ogy, a science whichdeals with all sign-systems.

Any transcription leads necessarily to a separation of

content from form. The ‘“‘content,’” those elements of the

thought which can remain constant, regardless of the sign-

system into whichtheyare translated, mustbe distinguished

from the “container,” that is, the means available in a given

system and the laws which governtheir use. These elements

are constant, whatever the thoughtto be transcribed.

Whether we are studying the means, properties, and



limits of the graphic system, or planning a design,it

is first necessary to strictly separate the content (the

INFORMATIONto be transmitted) from the container

(the PROPERTIESof the graphic system).

Generally we will not discuss here the content of the pro-

posed examples. It can be good or bad, “‘accurate” or “inac-

curate.” However, what matters to us is the quality and the

efficacy of its graphic transcription. Incidentally, it is the

singular characteristic of a good graphic transcription thatit
alone permits us to evaluate fully the quality of the content

of the information.

Knowingthat each sign-system hasits properties,its style,

its aesthetic, what constant can be isolated in a thought,

throughout its diverse translations? A thoughtis a relation-

ship among various concepts which have been recognized

and isolated at a given moment, from amongthe multitude

of imaginable concepts. Consider the following example:

“On July 8, 1964, stock X on the Paris exchangeis quotedat

128 francs; on July 9, it is quoted at 135 francs.” Whatever

form the phrase may take, the content will always involve

the pertinent correspondence amongcertain elements:

(1) the concept“quantity of francs,” ora VARIATIONin the

numberof francs;

(2) the concept“time,” or a VARIATIONofthe date;

(3) an element—stock X—of the concept “different stocks

quoted on the Paris exchange.” This clement is, by defini-

tion, INVARIANT,since it constitutes the common ground

whichrelates the francs to the dates.

In graphic representation the translatable content of a

thoughtwill be called the INFORMATION.It is consti-

tuted essentially by one or several PERTINENT COR-

RESPONDENCESbetween a finite set of variational
concepts and an invariant.
The information to be transcribed can be furnished in

any given sign-system, so long asit is known bythetran-

scriber, that is, the graphic designer. Let us stress once and

for all that we will never use the term “information” in the

very limited and precise sense whichit has in “information-

theory,” but as a synonym for“data to be transcribed.”

A. The invariant and the components(page 16) Whenever wediscuss information to be transcribed, the

central notion commonto all the pertinent correspon-

dences will be called the INVARIANT. The variational
concepts involved will be called the COMPONENTS.

Thus the preceding example can be said to have an

invariant—a given stock—which relates two components:

a variation in the numberof francs and a variation in time.

Whatever sign-system is employed,at least two components

will be neededto translate the information. In the graphic

system two visual components are normally utilized: the

two dimensionsof the plane.

The wording of the TITLES and LEGENDSisthefirst

application of these notions (page 19).

In orderto facilitate explanation, the componentsof the

graphic sign-system will be called VISUAL VARIABLES



B. The number of components (page 28)

C. The length of the components (page 33)

D. Thelevel of organization of

the components (page 34)

(or simply “variables’’), and the two variables furnished

by the planeitself will be called PLANAR DIMENSIONS.

Information will therefore be formed by pertinent corre-

spondences among given components andits graphic repre-

sentation by correspondences among given variables.

Visual perception will admit only a small numberof vari-

ables. Consequently:

The determination of the NUMBER OF COMPONENTS
is the first stage in the analysis of the information.

Componentsandvariablesare, by definition, divisible.

The different identifiable parts of a component or of

a variable will be called ELEMENTS or CATEGORIES

(or “classes” or “steps”; page 33). We can talk, for example,

about categories of “departments” [major administrative

subdivisions of France] in a geographic component, about

the categories “bovine,” “ovine,” “caprine,” of the compo-

nent “different domestic animals,’ about steps of gray in

the variable “value,” about annual classes in the compo-

nent ‘time,’ or about elements of the component “different

persons.”
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The complexity of a figure is linked to the numberofcatego-

ries in each component:

We will use the term LENGTH todescribe the numberof

elements or categories which weare able to identify in a
given component orvariable. This is the second stage in

the analysis of the information.

Thus the binary component “sex” can be said to have a

length of two; the geographic component “departments of

France” a length of ninety. In a quantitative component we

must not confuse the “length,” the numberof useful steps,

with the RANGEoftheseries, the ratio between the largest

and smallest numbersin thestatistical series.

Whatis properly called graphics depicts only the rela-
tionships established among componentsor elements.

These relationships define three LEVELS OF ORGA-
NIZATION, and each component, each visual variable,

is located on one oftheselevels:
THE QUALITATIVE LEVEL (or nominallevel; page

36) includesall the concepts of simple differentiation (trades,

products, religions, colors .. .). It always involves two percep-

tual approaches: This is similar to that, and I can combine

them into a single group (association). This is different from

that and belongs to another group (differentiation).

THE ORDERED LEVEL(page 37) involves all the con-

cepts that permit a ranking of the elements in a universally

acknowledged manner (e.g., a temporal order; an order of

sensory valuations: cold—warm-hot, black-gray—white, small—

medium-large; an order of moral valuations: good—medio-

cre—bad ... ). This level includes all the concepts which

allow oneto say: This is more than that and less than the other.

THE QUANTITATIVE LEVEL (interval-ratio level;



IJ. The properties of the graphic system

A. Thescopeof the graphic system (page 42)

B. The plane (page 44)

page 38) is attained when one makesuse of a countable unit

(this 1s quarter, triple, or four timesthat).

These levels are overlapping: What is quantitative is like-

wise ordered and qualitative. What is orderedis also qualita-

tive. What is qualitative is neither quantitative nor ordered,

but is arbitrarily reorderable.

THE LEVELS OF ORGANIZATIONform the domain
of universal meanings, of fundamental analogies, in
which graphic representation can stake a claim. This is

the third stage in the analysis of the information.

All forms of signification other than the above relation-

ships are in fact exterior to graphics and merely serve to

link the graphic system to the world of exterior concepts.

They must rely either on an explanation coded in another

system (legends) or on a FIGURATIVE ANALOGY of

shape or color (symbols), which is based on acquired habits

or learned conventions and can neverclaim to be universal.

Each visual variable has its particular properties of

length andlevel. It is important that each component be
transcribed by a variable havingat least a corresponding

length andlevel.

Graphics is concerned with the representation of these

three levels of organization. However, the relationships

of similarity and order, based on metrics, are those which

constitute the foundation for information processing and

analysis

What variables does the graphic sign-system have at its

disposal? The eye is the intermediary in a great number

of perceptions. Notall of these concern the system we are

studying; the intervention of real movement, for example,

although perceptible by vision, would make us pass from

the graphic system (atemporal) into film, whose laws are

very different. We will only consider that which can berep-

resented by readily available graphic means, on a flat sheet

of white paper of standard size and under normallighting.

Within these limits, we will consider that the graphic

system hasat its disposal EIGHT VARIABLES.A visible

mark expressing a pertinent correspondence can vary in

relation to the TWO DIMENSIONSOF THE PLANE.It

can further vary in SIZE, VALUE, TEXTURE, COLOR,

ORIENTATION, and SHAPE. Within the plane, this

mark can represent a point (a position without area), a

line (a linear position without area), or an area.

The type of signification—point, line, or area—assigned

to a visible mark on the plane will be called “IMPLAN-

TATION’or class of representation.

*This term will no doubt appearstrange to English-speaking cartographers and

statisticians. Bertin uses it as a contrast to “imposition” (the type of graphic—

diagram, map,etc.) and in order to avoid speaking of point, line, and area “symbols”
(translator’s note).



A given French department can be represented either by a

point or a line, as in a diagram, or by an area, as in a map.

These “implantations”are the three momentsof the sensory

continuum applied to the plane. They constitute the three

elementary figures of geometry.

THE LEVEL OF ORGANIZATION OF THE PLANEis
maximum (page 48). Its two dimensions furnish the only

variables which can correctly represent any componentof

the information, whateverits level of organization.

The utilization of the two dimensionsof the plane will be

called “IMPOSITION”or group of representation (page

50).
This utilization depends uponthe nature of the pertinent

correspondences expressed on the plane and enables us to

divide graphic representation into four groups.In effect, the

correspondenceson the plane can beestablished:

— among all the elements of one component and all the

elements of another component. The construction is a

DIAGRAM. Example: Variation in the quotations for

stock X on the Paris exchange. Any date (component: time)

can correspond apriori to any price (Component: quantity

of francs), and there are no grounds for predicting a cor-
respondence between two dates or between twoprices.

— among all the elements of the same component. The con-

struction is a NETWORK. Example: Therelationships of

conversations among individuals situated around atable.

Any individual (of the component “different individuals’)

is capable of communicating with any otherindividual (of

the same component).

— amongall the elements of the same geographic compo-

nent, inscribed on the plane according to the observed

geographic distribution. The network traces out a GEO-

GRAPHIC MAP.

— between a single element and the reader (road signs,

various codes based on shape, industrial color codes,etc.).

The correspondenceis exterior to the graphic image. This

is a problem involving SYMBOLISM,which relies upon

figurative analogies.

In diagramsand networks (page 52), the free disposition of

the dimensions of the plane leads us to distinguish arrange-

ments dispersed over the entire plane from those which

Structure it in some manner(rectilinear, circular, orthogonal,

polar) and to define TYPES OF CONSTRUCTION which

can be characterized by SCHEMAS OF CONSTRUCTION.



C. The retinal variables (page 60)

III. The rules of the graphic system

A. The basic graphic problem (page 100)

B. Image theory (page 139)

We will term “ELEVATION” the utilization of the

six variables other than those of the plane, that is, the

RETINALvariables. A qualitative variation between two

cities can be represented on a mapbya variationin size,

value, texture, color, orientation, shape, or by a combina-

tion of several of these variables.

Retinal variables must be utilized whenevera third compo-

nent appears in the information. But noneof these variables

has the capability of the plane to represent any componentof

the information, whateverits level of organization. We must,

therefore, determine the LEVEL OF ORGANIZATION

(page 64) for each variable, its PROPERTIES OF LENGTH

(page 71) andits applicability.

The great diversity of graphic constructions, within a group

or even from one group to another, is due to the designer’s

apparent freedom to represent a given componentby using

any one of the eight visual variables or a combination of

several of them.

Faced with such a choice, the graphic designer can, for

example, represent a geographic component by a single

dimensionof the plane, thereby constructing a diagram; or

by both dimensionsofthe plane, constructing a map. A vari-

ation in color or value could also be used.In fact, to construct

100 DIFFERENT FIGURES from the same information

requires less imagination than patience. However, certain

choices become compelling dueto their greater “efficiency.”

EFFICIENCYis defined by the following proposition:

If, in order to obtain a correct and complete answerto a

given question,all other things being equal, one construc-

tion requires a shorter period of perception than another

construction, we can Say thatit is more efficient for this

question.

This is Zipf’s notion of “mental cost,” applied to visual

perception (See page 139). In most cases the difference in

perception time between anefficient construction and an

inefficient one is considerable.

The RULES OF CONSTRUCTIONenable us to choose

the variables which will construct the most efficient
representation.

Efficiency is linked to the degreeof facility characterizing

each stage in the reading of a graphic. The body of remarks
leading to the rules of construction form the IMAGE

THEORY.Five aspects of this theory are discussed here:

1. Stages in the reading process (page 140)

To read a drawing1s to proceed moreorless rapidly in three

Successive operations:

EXTERNAL IDENTIFICATION: What componentsare

involved? It is necessary to clearly define and situate the

concepts proposed for examination.

INTERNAL IDENTIFICATION: By what variables

are the components expressed? For example, quantities by

9
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the vertical dimension of the plane, time by the horizontal

dimension; or, alternatively, quantities by the length of the

radius, time by the length of the arc subtended by the angle

aboutthe point of origin.

These operations link the graphic system to other systems
through the use of written notations (titles and legends) or

figurative analogies (shape and color). The two stages of

identification are indispensable and mustprecede any study

of the informationitself:

PERCEPTION OF PERTINENT CORRESPON-

DENCES:“On a given date what is the price of stock X?”

This perception is always the result of a QUESTION,con-

scious or not. What are the questions which onecan ask in

approaching the information?

2. Possible questions—levels of reading (page 141)

In the preceding example twotypes of questionsare possible:

— Ona given date whatis the price of stock X?

— For a given price, on what date(s) wasit attained?

There are as many TYPES OF QUESTIONS as com-

ponents in the information, but within each type there are

numerouspossible questions:

(a) Questions introduced by a single element of a compo-

nent, for example: “On a given date .. .” and resulting in a

single correspondence.This is the ELEMENTARY LEVEL

OF READING. Here, questions tend to lead outside of the

graphic system.

(b) Questions introduced by a group of elements in the

component, for example: “In the first three days what was

the trend of the price?” Answer: “The price rose.” Such

questions are quite numerous, since we can form highly

diverse groups. This is the INTERMEDIATE LEVEL OF

READING.Here, questions tend to reduce the length of the
components.

(c) A question introduced by the whole component: “During

the entire period, what wasthe trend of the price?” Answer:

“General upward movement.”This is the OVERALL LEVEL

or “global” reading. Such a question tendsto reduceall the

information to a single ordered relationship among the com-

ponents. We can saythat:

— there are as many TYPES OF QUESTIONSas compo-

nents in the information;

— for each type there areTHREELEVELS OFREADING:
the elementary level, the intermediate level, and the

overall level;

— any question canbedefinedbyits type andlevel.

These reading levels are comparable to the integra-

tive levels of the mind. Their analysis permits knowing

in advancethe totality of the questions which any given

information can generate; as a result it permits studying the

probability of their occurrence and,if appropriate, of taking

them into accountin the graphic construction.



3. Definition of an image (page 142)

Answering a given question involves: (a) an input identifica-

tion: “On a given date... ?”; (b) perception of a correspon-

dence between the components; (c) an outputidentification:

the answer“‘so many francs.” This implies that the eye can

isolate the input date from all the other dates and, DURING

AN INSTANT OF PERCEPTION,see only such correspon-

dences as are determined by the inputidentification, but see

all of these. During this instant, the eye mustdisregardall
other correspondences. This is visual SELECTION. We can

state that in certain graphic constructions, the eye is capable

of including all the correspondences determined by an

input identification within a single “glance,” within a single

instant of perception. The correspondencescanbe seen in a

single visual form.

The meaningful visual form perceptible in the

minimum instant of vision will be called the IMAGE.
In this sense, IMAGEcorresponds to “form” in “form

theory,” to “pattern” and to “Gestalt.” A synonym would be

“outline.” Other constructions do not permit the inclusion of

all the correspondenceswithin a single instant of perception;

the entire set of correspondences could only be constructed

in the memoryof the reader, by the addition of the various

images perceived in succession.It is therefore obviousthat:

The most efficient constructions are those in which any

question, whateverits type or level, can be answered in a

single instant of perception, in A SINGLE IMAGE.

The image, the temporal unit of meaningful visual percep-

tion, must not be confused with the FIGURE,whichis the

apparentandillusory unit defined by the sheetof paper, by a

linear frame or by a geographic border.

4. Construction of an image (page 148)

The image is built upon three homogeneous and ordered

variables: the two dimensions of the plane anda retinal

variable.

The RULES OF CONSTRUCTION (See page 171)
thus lead the designer to utilize the two dimensions of
the plane in a homogeneous,rectilinear, and orthogonal

manner and also to employ an ordered retinal variable,

such assize, value, or texture.*

Consequently:

*Bertin drawsa rigorousdistinction between texture (grain in French) and pattern

(texture in French):

 

         
A and B differ in their texture, but there is no difference in pattern. The elementary

shapesare the same. The notion of pattern explains the difference between A and C.

The elementary shapesare different. A difference in “pattern” is essentially a differ-

ence in shape (translator’s note)

11



C. Three functions of graphic representation (page 160)

D. Rules of construction (page 171)

12

All information with three components or less can be
represented as a single image (page 148).

It is necessary and sufficient that the rules of construc-

tion be respected. In this case, whatever the type or level

of the question, the answer will be seen in a single instant

of perception. We can say that the graphic representationis

AN IMAGE.

In any construction not respecting these rules, certain

types and levels of questions will necessitate the perception

of several imagesin succession; there will be a high mental

cost. The formulation of the answer will be very difficult

and often impossible. We will call these graphic construc-

tions FIGURATIONS.Theyare obviously lessefficient than

constructions involving a single image.

5. Limits of an image (page 154)

An image will not accommodate more than three meaning-

ful variables. As a result, all information with more than

three components cannot be constructed as an image. This

meansthat for certain questions identification will necessi-

tate several instants of perception, several images and:

In information with more than three components,it

is necessary to CHOOSE PREFERRED QUESTIONS

and construct the graphic so that they can be answered

in a single instant of perception. At the same time one
reserves input identifications that necessitate several

instants of perception for questions whichareless useful

or less likely to be posed.

Visual efficiency is inversely proportional to the number

of images necessary for the perception of the data;it is this

rule which,in the final analysis, governs the choice of pre-

ferred questions and leadsto identifying the three functions

of graphic representation:

(1) RECORDING INFORMATION:creating a storage

mechanism which avoids the effort of memorization. The

graphicutilized for this purpose must be comprehensive and
may be nonmemorizablein its totality.

(2) COMMUNICATING INFORMATION (page 162):

creating a memorizable image whichwill inscribe the infor-

mation in the viewer’s mind. The graphic used here must

be memorizable and may be noncomprehensive. The image

should be a simple one.

(3) PROCESSING INFORMATION(page 164): furnish-

ing the drawings which permit a SIMPLIFICATIONandits

justification. The graphic should be memorizable (for com-

parisons) and comprehensive (for choices).

Information with three components or less, constructed

as a single image, can fulfill all three functions of graphic

representation. But information involving more than three

components must be constructed differently, according to

the intended function,that is, according to the nature of the

preferred questions.

The RULES OF CONSTRUCTION,represented by STAN-

DARD SCHEMAS,define the most efficient construction

for a given Case.



E. Rulesof legibility (or rules of separation) (page 175) The rules of construction govern the choice of visual vari-

ables. Once chosen, however, the variables can still be uti-

lized well or poorly. Efficiency also depends on the sensory
differentiation which we can obtain from each variable or
combination of variables; this differentiation will increase

or reduce the capacity for “separation” within the variables.

For example, sensory differentiation is greater between blue

and red than between blue and green, between black and
white than between black andgray... .

The observations which permit us to best accom-

plish sensory differentiation will be called RULES OF
LEGIBILITY.

Linked to the faculties of human perception, these rules

apply to each variable as well as each combination of vari-

ables and are related to their LENGTH.Butlength in turn

varies accordingto the level of organization involved;selec-

tive perception, for example,calls for the greatest amountof

differentiation.





I. Analysis of the information

A rigorousdefinition of the components of the information, specifying their number,

length, and level, must precede any graphic construction.

A. The invariant and the components

B. The number of components

C. The length of the components

D. Thelevel of organization of the components



A. The invariant and the components

DEFINITION

Information 1s a series of correspondences observed within

a finite set of variational concepts of “components.” All

the correspondences must relate to an invariable common

ground, which wewill term the “invariant.” A precise analy-

sis of these termsis the only means:

— to understand complex information

— to determine the best graphic representation ofit

— to wordits title and legend.

The following examples will enable us to specify the nature

of the two concepts: invariant and components.

EXAMPLES

Example 1: The trend of stock X on the Paris exchange.
The INVARIANTis the complete andinvariable notion

commonto all the data. In figure 1, it is the “quotation in

new francs for stock X, cash payment, closing price on the

Paris exchange.”

Indeed, we cannot mix together within this information,

cash and time payments, old and new francs, stocks X and

Y, the London and Paris exchanges.

The COMPONENTSarethe variational concepts. In
this case the variational conceptsare:

— quantities (of francs)

— time (in days)

The information has two components, and the drawing

must thus utilize two visual variables: the two dimensions

of the plane(figure 1).

Example 2: Comparison of the trends of stocks X andY.

INVARIANT  —quotation in francs, cash payment, closing

price, on the Paris exchange

COMPONENTS —quantities offrancs, according to

—the date

—different stocks (X and Y)

This information has three components; the drawing must

employ three visual variables. A size variation can be used

to distinguish X from Y, as in figure 2.
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Example 3: Comparison of the trends of stocks X and Y in

LondonandParis.

INVARIANT  —guotation, cash payment, closing price

COMPONENTS —gquantities (indexed), according to

—the date

—different stocks (X and Y)

—different cities (London, Paris)

Here the information has four components, and the

drawing must employ four visual variables. In figure 3, for

example, texture is used in addition to the three preceding

variables.

Note that the definition of the invariant simplifies as the

number of components increases.

In these three cases, the information is sufficiently famil-

lar to be designated by a specific word: TREND. This word

can serve as a title, since it summarizes the informational

situation, and its immediate comprehension takes the place
of a more lengthy analysis. However, modern information

often correlates components of great diversity, which means

that the invariant will be less familiar, its identification

more difficult.

Example 4: Population residing in the Paris area, by depart-

ment of birth (not including departments constituting the

Paris area), given in absolute quantities.

Example 5: Distribution per 100 persons born outside of

the Paris area but residing there in 1962, according to their

department of birth. There is no single word to capsulize

either of these examples; there is no knowntitle, since the

situations are too unusual. A thorough analysis becomes

imperative if the designer is to understand what must be

expressed and the reader to understand whatis being repre-

sented; if not, each risks serious error. For instance, what 1s

the difference between the data in examples4 and 5?

Further analysis reveals that there is none. These are

simply two verbal formulae which express the same

content, as shownin figure 4. Both casesare,in fact, con-

stituted by:

INVARIANT —d person,living in the Paris area, born in

the provinces and countedin the department

of birth

COMPONENTS —population according to

—departments

The data are simply expressed in one case by the observed

numbers, and the total corresponds to the numberof obser-

vations (3 034 700); in the other case by numberscalculated

per 100. All the numbers from the first example have been

multiplied by the fraction 100/3 034 700 to produce the

second. This merely involves changing the numericalscale,

which in no way modifies the observed correspondences.

In such cases, it is only by seeking the precise definition

of the invariant and the components that we can cometo

understand the true nature of the information.
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Example 6: The Cuban Missile Crisis—Principal elements

of decision-making during the missile crisis of 1962 (see

page 264). This is a nonquantitative problem; analysis alone

permits a clear representation of the information.

INVARIANT —dadecision at the summit (made by a chief of

state). The decisions are differentiated

according to

COMPONENTS —nationality (American or Russian)

— (potential or actual)

—danger (increasing risk of war)

—date (made on such and such a date)

—nature (ofsuch and such a nature)

This information has five components, necessitating

at least five visual variables. It cannot be perceived in its

totality in one immediate image, as we note from observing

figure 1.

No word exists for identifying the second component;

certain components are characterized only bylisting their

categories. Nor does any word exist for the whole of the

information. The “title” is merely a paraphrase which

orients the reader toward the subject but does not specify

which components are involved. We are far from the word

“trend” in the first examples.

THE ORDER OF THE COMPONENTS

When the data involve percentages, or when we decide to

derive percentages from the raw data, this must be reflected

in the analytic description. For example, in comparing the

extent of the three main sectors of the work force in several

countries:

Figure 2:

INVARIANT —working persons (1960)

COMPONENTS —different countries

—number(Q) per 100 working persons per

country according to
—three main employment sectors

In this case, all the countries are considered as similar and

equalto 100.

This situation is reflected in the analytic description by
placing those components not affected by the quantities
first, and by having the quantities followed by only those

components which they govern.

This rule is also exemplified in the following analytic

description:

Figure 3:

INVARIANT —working persons (1960)

COMPONENTS —dabsolute Q according to

—different countries

—Q per 100 working persons per country

according to

—different employment sectors

The first application of the notion of components is the

following:
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Wordingoftitles and legends

The two terms, “title” and “legend,” are sometimes used

interchangeably. A “legend,” placed under a figure, will

function as a title, while specialists will often seek the real

“title” of a map in what some designerscall the “legend.”

Such confusion must be avoided. The headings (legend

and title material) in a graphic image have twofunctions:
(1) to permit the readerto identify, in the mind, the invariant

and components involved. This can be called EXTERNAL

IDENTIFICATION,in the sensethatit is independent from

the graphic imageitself.

(2) to identify, in the drawing, the visual variables corre-

sponding to the components. This will be referred to as

INTERNAL IDENTIFICATION.

EXTERNAL IDENTIFICATION

External identification is independent of the graphic repre-

sentation, because the drawing, in itself, cannot furnish all

the elements necessary for identification. Figures 4 and 5

are not identifiable. Written or oral statements are indispens-

able for their external identification. To identify the content

of figure 5 we must know

— the invariant: audible sounds

— the first component: the frequency of the sound (cycles per

second)

— the second component: the amplitude of the sound (audi-

tory level in decibels).

These factors are clearly identified in figure 6.

One cannot study a graphic intelligently without
knowingthe invariant and the components displayed in

it. Titling a drawing speeds the acquisition of this knowl-
edge and dispels potential ambiguity.
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Identification of the components
In numerous cases, however, identification of the compo-

nents can result from the drawing itself. For a given audi-

ence,figure 1 clearly involves:
— amapof the Iberian peninsula: a geographic component

— quantities: a quantitative component.

All that remains 1s to specify the invariant, as in figure 2.

In certain cases the drawing itself can provide the

meansof identifying the components dueto the familiar-

ity of the subject.

For the same reason, a simple expression describing the

invariant can sometimes be sufficient to define the compo-

nents. Terms such as trend, price, temperature of X, baro-

metric pressure, can define the two components of the

diagram as well. The reader can understand these verbal

cues because the images involved are of relatively current

and commonusage.

But modernscientific research multiplies the occurrence

of innumerable combinations which cannot be named con-

cisely or where the specific term employed is familiar only

to a limited number of individuals. The designer can thus

encounter three typesof cases:

— common figurations, where a simple expression suggests

the components or where the imageitself is sufficient (par-

ticularly in cartography) to make them recognizable.

— new combinations, involving recent terms which are not

very familiar to the average reader (agroclimatic diagrams,

concentration curves, “stemmas” [see page 279]...). Here,

the term serves its purpose only for a limited number of

“experts” in the given field.

— new combinations, which have noprecise term to charac-

terize them.

In the last two cases, a written description of the compo-

nents is indispensable to external identification (See figure 6

on the preceding page). Thus:

In most cases, the written designation of the various

componentsis includedin thetitle.
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Identification of the invariant
An image (e.g., figure 1) or a term (e.g., “trend”’) can serve

to define the two components. But quantity of what? Trend

of what?
In all cases, a written term is needed to define the

invariant.

Trend of what? Of stock X, cash paymentat closing price,in

new francs, on the Paris exchange.

This involves category X of the component “different

stocks.”

It involves the category “cash payment” of the component

“different types of purchase.”

It involves the category “Paris” of the component “differ-

ent cities.” ...

The invariant specifies the common ground for dif-
ferent components that extend throughout the larger
informational set being investigated or the work being

consulted.

It can therefore be worded as a function of the informa-

tion immediately related to that being considered. Thus, in a

grouping of trends “‘on the Paris exchange,” this term need

not be repeated for each diagram; in a chapter on “cash pay-

ments” this term could be eliminated. . . .

But omissions are often dangerous, since graphic infor-

mation ought to be detachable from its immediate context

in order to be related to all data having a commonelement.

This is the case in analytic documentation.
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External identification: title composition

Consequently, in most cases external identification consists

of writing, in visible characters and in a standard arrange-

ment, (a) the invariant, and (b) all the components of the

information. Thisis illustrated in figure 3.

Thetitle will generally be set up as in figure 4, the order

of the componentsfollowing the rule outlined on page 18.

But the rigor and precision of this formula entails a rela-

tively long title, which no longer fulfills the conditions of

brevity and rapid comprehension, particularly necessary

whenstudying a large numberof drawings.

In order to avoid permanent omissions, it would seem

that the most logical solution, the one meetingall the req-

uisite conditions of external identification,is:

(1) to word thetitle according to the general formula out-

lined in figure 4;

(2) to cap it with a heading (see figure 5) whose wording

dependsonthe larger informationalset.

As wesee in figure 6, the heading generally includes the

name of the category (stock X) which belongsto the next

higher informational set (different stocks). This solution

affords the means of immediately perceiving the unique

features of each representation, or, for the reader already

acquainted with the documents, the meansof rapidly locat-

ing a given representation. The following examples apply
these principles and illustrate to what degree the current

use of “title phrases” can be confusing. Indeed, there are a

large numberoftitle phrases which could fit a given set of

information, while a given phrase could also apply to very

different data.

 

 

Invariant

1* component

2.7 component

3°? component

 

 

HEADING

Invariant

1s* component

2° component

3 component

  

 

 P
R
I
C
E
S

STOCK X
Paris exchange
cash payment, closing price
in new francs

  
DATES   

21



TYPICAL TITLE PHRASES

Population residing in the Paris area, by department of

birth (not including departmentsconstituting the Paris area).

Quantities in thousands.

Percentage distribution of persons born outside the Paris

area but residing there in 1962, according to the department

of birth.

Numberof personsresiding in the Paris area (in 1962) per

100 persons born in each department (not including the

departmentsofthe Paris area).

Percentage of population living in rural communes [admin-

istrative subdivision of France] where 20-39.9% of the pop-

ulation is agricultural.

Map of the distribution by ward of Parisian parents of stu-
dents at the Ecole Polytechnique

Principal elements of decision-making during the Cuban

“hot”crisis in 1962.
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SUGGESTED TITLES

MIGRATION TO PARIS

Residents of the Paris area born in the provinces

— absolute quantities according to

— departmentof birth

RATE OF MIGRATION TO PARIS
Residents of the Paris area born in the provinces

— by departmentof birth

— Q per 100 personsbornin the department

RURAL COMMUNES,20-40% AGRICULTURAL

Population living in rural communes where 20-39.9% of the

population is agricultural

— by department

— Q per 100 personsliving in all rural communes

STUDENTS OF THE ECOLE POLYTECHNIQUE

Residence of Parisian parents of students at the Ecole

Polytechnique
— quantity

— by ward

THE CUBANCRISIS (1962)

Decisionsat the summit (madeby chiefs of state) according

to

— whetherthe decisions were actual or only potential

— date

— danger of war

— nationality (American or Russian)

— nature of decision



TYPICAL TITLE PHRASES

Percentage of students enrolled in seventh grade, in private

schools, by canton [administrative subdivision of France].

Distribution of the three main sectors (agriculture, indus-

try, tertiary [other] of the work force, in percentage, by

department.

Changesin the population, aged 20 to 64, in France, between

1954 and 1962.

POSSIBLE TITLES

PRIVATE SCHOOLING IN THE SEVENTH GRADE

Students enrolled in seventh grade, private schools

— by canton

— Q per 100 students in seventh grade,all schools

SEVENTH GRADERSIN PRIVATE SCHOOLS
Students enrolled in seventh grade, private schools
— by canton

— Q per 100 students enrolled in private schools

MAIN SECTORS OF THE WORK FORCE
Work force in 1954

— by department

— Q per 100 working personsaccording to

— three main sectors (agriculture, industry, tertiary)

MAIN SECTORS OF THE WORK FORCE

Workforce in 1954

— by department

— Q per 100 inhabitants according to

— three main sectors (agriculture, industry, tertiary)

GROWTH OF ADULT POPULATION (1954-1962)

Population aged 20 to 64. Difference between 1954 and 1962

— in absolute quantities

— by department

EVOLUTION OF ADULT POPULATION(1954-1962)

Population aged 20 to 64 in 1962

— by department

— Q per 100 persons aged 20 to 64 in 1954

VARIATION

(1954-1962)

Difference between the 1954 percentage (Q of population

aged 20 to 64 per 100 inhabitants) and the 1962 percentage

— in quantities

— by canton

IN THE PROPORTION OF ADULTS
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INTERNAL IDENTIFICATION

Having identified the invariant and the components, the

reader muststill recognize whichvisual variables are being

used to represent these components.

An “ombrothermal” diagram becomes meaningful whenit
is known that this word signifies:

INVARIANT —planted areas (for a given type of vegetation)

according to

COMPONENTS —the precipitation recorded in these areas

(annualtotal)

—the temperature recorded in these areas
(annual average)

But we muststill be able to recognize that on the drawing

precipitation increases as we read, say, from bottom to top

(ordinate), while temperatures increase from left to right

(abscissa).

Constructions involving two components

Each of the two planar dimensions must be named.

To avoid repeating terms in the diagram, external and

internal identification of the components can be combined.

This leads to the standard arrangementdisplayed in figure

1. However, a different situation arises whenthereis a third
component, and, in cartography, where the geographic order

occupies the two planar dimensions.

Constructions involving more than two components
When three or more components are involved, we must

utilize “retinal” variations: variations in the size of points

or lines, in the value or color of the marks, etc. These varia-

tions are independentof position on the plane.

For each retinal variable, we must therefore draw a stan-

dard variation, indicate the name of the component which

it represents, and relate its “steps” to the categories of the

component. This is what we meanbythe “legend.”

To avoid repetition, we arrive at the standard arrangement

depicted in figure 2.

Maps

Here, two planar dimensionsare occupied by the geographic

entity, but any internal geographic categorization muststill

be specified. The enumeration areas can be departments,

“agricultural zones,” wards, cantons, communes,etc.

Furthermore, a map often involves several additional

components.

This results in the standard arrangement shownin figure

3. It can also serve as a model for those diagramsin which

it is useful to group all the elements of identification (pro-

vided that the terms affiliated with the planar dimensions

are repeated,as in figure4).
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IDENTIFICATION OF A HOMOGENEOUSSERIES

In a homogeneousseries such as the collection of informa-

tion on Spain portrayed in figure 1 (see also page 398) or

the series of phonic analyses of folk songs in figure 2 (see
also page 267), each map or diagram is identified by the

invariant. It specifies a particular category from each of the

componentsinvolvedin the entire series of images:

— the category “1848”of the component“time”

— the category “population” in the component “different
studies”

or, with the folk songs,

— the category “United States” from the geographic

component

— the category “ballad” of the component“type”

— the category “first stanza” of the component “stanza and

refrain.”

The informationitself is constituted by the entire series of

maps or the whole collection of diagrams. The components

extending throughoutthe series are constituents of the infor-

mation, even thoughtheyare transcribed only by the writing,

not by the images themselves. These components are the

basis for the operation of classing and grouping, which con-
stitutes the real objective of such representations.It is there-
fore importantthat:

— The components extending throughout a homogeneous
Series are always transcribed in the sameplace.

— The categories of these components have maximum
visibility and, if possible, are written in bold face and

CAPITALS.

Although these recommendations may appearrelatively

unimportant, they are nonetheless essential. The investiga-

tor who knowshowtoutilize all the properties of graphic

representation and to derive the most from information pro-

cessing will follow these rules and reserve sufficient space

for an organized andefficient identification.

IDENTIFICATION OF SOURCES

From the perspective of generalized documentation, each

graphic must be capable of being extracted from its original

source and incorporated into any other set of information.

However, the reader must be able easily to find the docu-

mentary sources and identify the original author (an expert

whosefield is similar or related to that of the reader).

Asa generalrule, in or under each image or homogeneous

group of images, the source, author, work, publisher, place

of publication, and date should be indicated in such a way

that these elements can be photographed with the drawing,

as in figure 3.



 

COUNTRY

 
Region or Language Type

 
Stanza

or
Refrain  

 

 

 

3   

   

ESPAGWNE em. stevie CH’ 06 LABOUR =§$ 1

Pe ee mE eee eee we ree eee

Ni: de fa era   
ETATS-UNIS xenrtucny BLUE $1
 

43

 Fay ODay at Coal Creek

 

  
AFRIQUE BUSHMAN CHANT ve FEMMES
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A. LOMAX - Phonotactique du chant populaire - L'HOMME - Mouton. Paris 1964 Documents personnels
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B. The number of components

Consequencesof this notion

— The numberof visual variables necessary for the represen-

tation is at least equal to the number of componentsin the

information.

— With three components, the information can be perceived

as a single image. Beyondthat, the perception of several

successive images is often necessary.

— There are at least as many types of possible questions as
there are components.

— The numberof componentsis the best basis for a classifica-

tion of graphic constructions.

COMPARISON OF EXPENDITURES
ACCORDING TO INCOME GROUPS
IN THE UNITED KINGDOM (1960)

Numberof householdsGm
per income group

32% \   Household
repairs

Ifl

group | more than £20
group II__— from £14 to £20
group III less than £14

 

2
Coffee

income per week
Life insurance

2e
Family Food
expenses

   
11

Bakery goods

   
Housing Bread Soft drinks

   13
Household
maintenance

. Ice cream
Margarine

from Harry HENRY. Thomson Organisation Ltd.
Sources: Central Statistical Office. London 1961

28  

Tobacco 14 Shoes
products

 

15
Alcoholic
beverages

  
and cider

 

Wine & spirits

 

Clothing

Take the following information:

INVARIANT  —expenditures by the British population peritem

COMPONENTS —fwenty-eight different items of expenditure

—Q per 100 expenditures per item according to

—three income groups (upper, middle, lower)

Because the information involves only three components,

it is possible to replace figure |, necessitating the mental

addition of numerous images,by figure 2, which presents a

memorizable image.

It is a feeling of uniformity, of nonvariation, which results

from figure 1, yet the distribution of expenditures could

19 Radio—T.V.*

 

t
e 4

 

20) Automobile2°
Men’s clothing purchase

  
Beer 16 Women’s 21 Automobile 26

clothing upkeep

    
li" Household 22 Beauty

goods aids

®

 

18
Gas — 23
electricity

Household
supplies 1



hardly be similarfor all three income groups.
In figure 2 the readeris struck and guided bythevisible

differences (underscored, incidentally, by the use of black)

and is able to concentrate on them. The reader can rapidly

perceive the logical orderof the image: Fromleft to right are

the groups, from top to bottom are the items, whose order

constitutes the very purpose of the information. The reader

can pose questions about the characteristics of a group or an

item, or about the order of these items, and feel confident of

obtaining an answer.
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Total income

25 Automobile purchase

17 Wine & spirits
24 Radio — T.V.
21 Women’s clothing

26 Automobile upkeep

5 Life insurance

20 Men’s clothing
4 Household repairs

15 Alcoholic beverages

18 Clothing
22 Household goods
27 Beauty aids

3 Household maintenance
23 Gas & electricity

16 Beer & cider

19 Shoes
10 Coffee

1 Family expenses
13 Ice cream

11 Bakery goods
14 Tobacco products

12 Soft drinks

6 Food

2 Housing

28 Household supplies

7 Bread

8 Margarine

9 Tea

Numberof households T
h
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r
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f
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1
o
n
pa
ge
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TRAFFIC ACCIDENT VICTIMS,in France, in 1958

VEHICLE(or pedestrian)
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Information can have2, 3, ...m, components, and n can

           
 
 

This example can involve numerous components. As we

be quite large.It is sufficient that one of the componentsor see in figure 1 each additional componentwill generate new

the invariant be commontoall the data.

Consider the following example:

Analysis of highway accidents in France.

INVARIANT —an accident victim

30

information. Furthermore, each additional componentwill

also require a new visual variable leading to a different con-

struction, as illustrated in figure 2 on the opposite page.



 

 

 

       
  

  
 

 

     
 

 

  

  

    

 
           



A set of information
Consider the distribution of the work force according to

numerous concepts:

INVARIANT —working persons in France

COMPONENTS —quantity according to

—geographic categories

—time

—age

—socioprofessional categories

—religious categories

—political categories

—various rates (mortality, fertility, birth,

wealth, education ...)

When components are numerous, we will speak of a set

of information. It is useful to analyze it as a whole andto

consider the finite set of components in order to determine

the mostefficient and most economicalprocessing system.

Regional studies, which have a defined geographic space

as their common component; sociological surveys, whose

common component is a group of individuals; historic

research, whose common component is a period of time,

are finite sets. To reduce them to their minimum constitu-

ents different systemsof “information processing”are used.
Depending upon which system is adopted, the graphic rep-
resentation will lead to a series of diagrams, double-entry

tables (see figure 1, page 30), maps,etc.
Likewise, at the moment of publication, the entire set of

drawings must be conceived as a demonstrational unit. The

layout must be considered a scientific problem, linked to

the imperatives of reading and comparison,before it can be

treated as an aesthetic problem (See, for example, page 401).

Information can have a single component
Figure 1: Conversational relationships among. several

individuals.

INVARIANT

COMPONENT

—an exchange ofconversation

—a series of individuals

Figure 2: Map of developed areas in Poland, taken from F.

Uhorczak(see also page 318).

INVARIANT —a Site occupied by a building, whether a

house, a factory, or a barn

COMPONENT —geographic space

Definition of the number of components
In order to define the number of components in the informa-

tion, the most convenient meansconsists of transcribing the

data into a double-entry table (as in figure 1, page 30), before

making any attemptat representing it graphically. There are

as many componentsas entry-categories, plus one for quan-

tities, if applicable.

Care must be taken, since such a table defines and clarifies

the information but does not determine the most efficient

graphic construction. This can sometimesbe quite different

from the layout of the table.
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C. The length of the components

Consequencesof this notion

—‘‘Long”(extensive) components lead to basic or “standard”
constructions.

—‘‘Short” (limited) componentslead to “special” constructions.

— The visual variables utilized must have at least the same

length as the components whichthey are meantto represent.

— In a problem involving more than three components, the

minimum numberof imagesnecessary is a function of the

length of the components.

As variational concepts, components are, by definition,

divisible. Their divisions bear different names according to

circumstanceandlevel.

One may speak of elements in the component “different

persons forming a genealogical tree” or of objects in the

component“different objects to be classed.”

One may also speak of socioprofessional, geographic,

or linguistic categories, and, in general, this term can be

applied to all components.

One may speak of time, age, or income classes, and, in

general, this term can be applied to all components which

are ordered or quantitative. Finally, one may speak ofsteps

of value, texture, or size for the visual variables (the compo-

nents of the graphic sign-system). Each variable, each com-

bination of variables, has a given length, which is mostoften

quite limited. In fact, all these terms cover the same phe-

nomenon,the useful and separable divisions of a component.

The term LENGTHofa componentwill be used to refer

to the numberof divisions that it enables usto identify.

The full significance of this notion can be appreciated

when one comesto realize that the number of categories

a person can grasp during the course of perception is quite

small. This meansthat the visual variables can produce only

a limited numberof perceptible steps.

“Short”or limited components

The term short components will be used when length

does not exceed four. Binary components have a length of

two (sex, living or deceased, a decision which is actual or

potential, etc.). Age is often divided into three main catego-

ries—youth, adult, elderly—as are the main employment
sectors (agriculture, industry, tertiary). Short components
are noteworthy in graphic problems. They simplify visual

selection and enable usto use “special” constructions, which

differ from the standard constructions.

“Long” or extensive components

The term /ong components will be used whenlength exceeds

somefifteen divisions. Long components necessarily lead to

“standard”constructions (see page 172).

The term length can be applied to a quantitative series

whenthe latter is divided into steps or classes, or whenit

involves a “discrete” component(such as numbersof objects,

inventories, or francs, which cannot be divided below a

certain basic unit).

On the other hand, a series of numbers can be infinitely

divisible; the term length is no longer applicable when the

phenomenonis considered as continuous (such as speeds,

altitudes, or temperature). Note, however, that the numberof

useful decimalsis a finite number.

A phenomenon considered as continuous can neverthe-

less be expressed by graphic means,since the planeitself is

continuous.

THE RANGE OF A QUANTITATIVE SERIESis the

ratio of the smallest to the largest number.

This notion is quite different from that of length. A series

whose extremes are 0.07 and 32 has the same range as a

series whose extremes are 22 and 10 054; they both range

from | to 457.

The practical range of a visual variation in size is limited;

it cannot decrease below aratio of | to 10 without losing the

greater part of its efficacy. On the other hand, quantitative

information can range from 1 to 1.2 (the size of individu-

als) as well as from | to 10 million (population maps). Thus

it is easy to understand the importance of this notion and

of the “range adjustments” which must often be introduced

into quantitative representations in order to adaptthe infor-

mation to the faculties of visual perception (see page 357).
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D. Thelevel of organization of the components

The components of the information do notall involve the

same intellectual approach. For purposes of information

processing and/or display, the researcher will often attempt

to order qualitative (nominal) categories such astrades, to

compare ordered categories such as heatsensitivities, and

to group neighboring quantitative values such as population

densities.

A component can thus be characterized as qualitative,

ordered, or quantitative; these are the three levels of orga-

nization. The visual variables which represent each compo-

nent must permit parallel perceptual approaches. But, just

like the components, the visual variables each have their

own level of organization. An order will not be perceptible

if the variable is not ordered; a ratio will not be perceptible

if the variable is not quantitative. The notion of level of orga-

nization is thus of fundamental importance.

Consequencesofthis notion
— The ordering of qualitative data, the comparison of

ordered components, the groupingsresulting from a quan-

titative componentare the basis for the graphic processing

of information.

— The visual variables must have a level of organization at

least equal to that of the components whichtheyrepresent.

— The three levels of organization lead to the first subclas-

sification of graphic constructions.
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LAND VALUE IN EASTERN FRANCE,from the weekly magazine, “Elle.” Paris, 1959.
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It is because the level of the visual variable utilized does

not correspond to the level of the componentrepresented by
it that the map in figure | is inefficient and necessitates the
burdensomereading of several successive images. Whenthe

levels correspond,as in figure 2, the map is visually retain-

able. It necessitates only one immediately perceived image.
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THE QUALITATIVE LEVEL (OR NOMINALLEVEL)

This notion includes all the innumerable concepts of simple

differentiation: professions, products, languages, races,

religions, leisure activities, diseases, colors, forms, social,

ethnic, cultural or political traits . ..

A component is qualitative when its categories are

not ordered in a universal manner. As a result, they can

be reordered arbitrarily, for purposes of information
processing.

Qualitative categories are reorderable

In maritime commerce, for example, the categories coal,

oil, wheat, wool, cotton, wine, wood, . . . of the component

“merchandise” can be ordered in different ways, according

to weight, total value, price per kilogram, volume, revenue

production,fragility. ...

Geographic groupings are also reorderable. Departments

are commonly classed by alphabetic order, countries by

their population, their production, their standard of living,

their birth rate. ...

The reciprocal ordering of two qualitative components

(figure 1) or of a qualitative component in relation to an
ordered component(figure 2) simplifies the images without
diminishing the number of observed correspondences;

indeed these operations of “permuting” and classing are the

basis for graphic information-processing.

Qualitative categories are equidistant
As with ordered categories (discussedlater), qualitative cate-

gories are, by definition, of equal importance,thatis, “equi-

distant.” Their graphic representation must not disturb this

quality by highlighting a particular category or creating a

priori groups of categories.

Two perceptual approaches

Faced with any qualitative concept, the observer can adopt

two perceptual approaches:

This is different from that—a beechtreeis different from

an oak.

This is similar to that—beeches and oaks are similar—

they are trees.
A selective approach (difference) is engendered by ques-

tions of an elementary or intermediate reading level. Where

is a given category—the beech trees? When these questions

are pertinent, it is important that the component berepre-

sented by a selective variable.

An associative approach (similarity) is engendered by

questions of an intermediate or overall reading level. Where

is a given component—the forest—all categories of trees

combined? In order to reply to this question, the variable

must permit equalizing and grouping all the categories

during perception; it must be associative.
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THE ORDERED LEVEL

(ORDERING AND REORDERING)

This level groups all the concepts which are capable of

ordering categories in a universally acknowledged manner.

Each person will agree in the same waythat this is more

than that and less than the other.

Ordered concepts are always defined, moreorless directly,
in relation to:

— a temporalorder: age, generation, matrimonialstatus, geo-

logic era

— an order of sensory discrimination: heat, vision (black—

gray—white, large—medium—small, here—near—far), weight

(heavy—medium-light), health

—an order of intellectual or

(good—mediocre—bad)

— certain social structures, such as military or administra-

tive hierarchies.

A componentis ordered, and only ordered:

— whenits categories are ordered in a single and universal

manner

— whenits categories are defined as equidistant.

moral discrimination

Ordered categories cannot be reordered
Moreprecisely we cansaythat the reclassification of ordered

categories is generally a source of confusion in the process
of communication.

Consider the following example:

Propensity to theft according to age and amountof theft

(based on V. V. Stanciu, Theft in Department Stores, unpub-

lished study).

INVARIANT =—theft in departmentstores

COMPONENTS —age groups

—quantities (per 100 persons per age group)

according to

—classes ofamountoftheft

AMOUNT oO 5 10 20
7

0 C 50 100 200
of THEFT 5 10 20 50 100 OF

ead
100 200 at
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The components “age” and “amountof theft” are ordered,

producing figure 3: In black is the highest percentage for

each column, that is, the age group with the strongest

observed tendency.

It can be of interest to reorder the component “amountof

theft” for the purposes of constructing a linear relationship

(figure 4), which permits oneto reflect on theft psychology.

Interpretation is more delicate, however, because reading
from left to right no longer has an ordered meaning.
These examples demonstrate that the amountof theft is

not ordered in a direct way by age, nor age by amount of

theft.

Ordered categories are defined as equidistant

This characteristic distinguishes an ordered component from

a quantitative component. The series: bachelor, husband,

widower, deceased, constitutes a universal order. But there

is no reason, a priori, to bring together any two categories

or to form groups. These categories are ordered andat equal

distances from eachother.

The same is true for the component “amountof theft,

even thoughits categories are defined by numbers. These are

ordinal numbers which merely serve to rank the categories.

In any graphic transcription involving an ordered com-

ponent, particularly when using “retinal” visual variables,

the designer musttry to preserve this equidistance. A priori
visual groups must be avoided, since the very purpose of

graphic processingis to discover, a posteriori, the groupings

whichresult from the information.
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THEFT IN DEPARTMENT STORES 4
Distribution of delinquents according to
age and amountoftheft
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THE QUANTITATIVE LEVEL

(INTERVAL-RATIO LEVEL)

This level is attained when there are countable units, leading

us to say: this is double, half, four times that... .

A series of numbers is quantitative when its object is

to specify the variation in distance amongthecategories.

With a quantitative series of numbers, Q, it is possible to

represent a variation in the length of columns,as in figure 1,

and from this to derive groups, characterized byslight dif-

ferences in length (slight “distances’”’).

Relations among quantities and enumeration units

Before representing given quantities, any graphic must

first depict the units (geographical areas, time periods, age

groups, etc.) within which these quantities are being enu-

merated. A population map by communeis,first of all, a

map of communes.

When the enumeration units are unequal:

— the representation of these units on the plane can result in

figures which are equal (points on a diagram) or unequal

(a map of communes);

— the representation of the quantities can be independentof

the inequality of these figures (a single point per area) or

dependentonit (color over the entire area).
But the quantities themselves can be independent of

the inequality of the enumeration units (death rate in a

commune) or dependent onit (total population). Therefore,

graphic representation necessarily leads to an initial analy-

sis of any quantitative series in termsof these relations.

Quantities dependent on the enumeration units (or QS)

In comparing communes, the geographer must calculate

population density in order to take the unequal areas of

the communesinto account. This calculation is necessary

because the quantities of population are not independent of

the unequal areas (S)* of the communes. The sameis true

for the historian who uses quantities of immigrants enumer-

ated over unequal periods (S) of time or for the demogra-

pher whouses quantities of persons counted within unequal

age groups (S). These quantities are not independentof the

dimension (S) of the enumeration units.

*S will be used frequently to signify area, since it comes from the French equiva-

lent surface (translator’s note).
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Quantities of the form QSare:

absolute quantities (Q) counted according to variable units

(S), whether these quantities are expressed:

by the observed numbers:

Q of tons of milk per department (S), Q of persons per

period (S)...

in hundredths(or in thousandthsofthe total):+

Q of milk per department (S), Q of persons per age-group,

expressed in hundredths (or in thousandths) of the total of

the series, that is, QS x 100/total of the series.

Test: For a hundred what? Fora total of the series equal

to a hundred;+

by an index:t

Q of milk consumedperperiod(S), per 100 liters consumed

in 1950 (Qi), Q of milk produced per department (S), per

100 liters produced in the department of Calvados (Qi), that

is, QS x 100/Qi.

Test: For a hundred what? For a hundred liters produced

in Calvados;+

by a ratio based on a variable independentofS:

Q is monthly average amount of milk produced per depart-

ment (S), or Q is communal average of expenditures per

period (S), that is, QS total/number of units (months, com-

munes). When S is represented by lines or by areas, the

graphic transcription of QS can lead to seriouserrors (page

45). Itis generally necessary to transform the data by making

the calculation QS/S,as illustrated in figures 2 and 3.

Quantities independent of the enumeration units (or Q)
The geographer looking for quantities of population inde-

pendent of the area of a commune mustcalculate densities:

Q of population/area, that is, QS/S = Q.

The demographer will reduce a class variation in the

same manner: Q of persons/length (in years) of the class,

+tHundredths and indices merely involve a simple change of numerical scale,
useful in verbal communication to the degree that all the numbers becomeintelligi-

ble whenit is understood what one hundred or one thousandrepresents. Graphically,

absolute Q, hundredths, or indices produce the same imageofa series.

+The test, for a hundred what?, is indispensable. It permits the elimination of

false percentages and the comprehension of what is in question. It obliges one to

furnish the elements of an answerandit reveals,all too frequently, a series for which

an answeris impossible,so that clarification or elimination of the series is required.



 

   
that is, QS/S = Q. But quantities Q are notall of this nature.

Quantities of the form Q are:

samples, altitude, temperature, commodity prices, number

of workers per factory, etc. These are measurementsorreal

values sampled at a point which is by definition without

length or area. They thereby characterize an invariable enu-

meration unit;

reductions to a unitary class, densities, “absolute” frequen-

cies, such as the examples cited earlier, which result from

the operation QS/S = Q;

simple ratios, in which the variable unit (S) relates the two

termsofthe ratio:

Q of wheat produced per commune(S)/Q of hectares sowed

per commune(S),

Q of emigrants per period (S)/Q of boats per period (S), that

is, QaS/QbS = Qa/Qb = Q;;

“percentages” and “rates” which multiply the simple ratios

by a hundred (or a thousand):

Q of deaths per commune (S) x 1000/Q of persons per

commune(S),

Q of working personsper age group (S) x 100/Q of persons

per age group(S), that is, QaS x 100/QbS = Qa/Qb x 100 =

Q’ per hundred.

Test: For a hundred what? Fora total of a hundred persons

per commune.+

The graphic transcription of absolute quantities (Q) is

simpler. However, one must know how to avoid a confu-

sion with graphic solutions suitable only to QS (figure 16,

page 45).

INCLUSIVENESS OF THE

LEVELS OF ORGANIZATION

Graphic conventions

In order to designate a component and, at the same time,

specify its level of organization, the following signs will be

used:

Q—a quantitative series measuring variations in distance

among ordered categories.

O—a component whose categories arc equidistant and

inscribedin a single, universally acknowledged order.

#—a qualitative component whose categories are defined

and equidistant.
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=—a qualitative component whose differential character-

istics can be disregarded(i.e., which can be approached “all

categories combined’’).

Inclusiveness of perceptual approaches

The level of organization determines the perceptual

approachesthat can be adopted toward a component. These

approachesare ordered and inclusive. In effect, for a quan-

titative component, it is possible to adopt:

a quantitative perceptual approach and ask the question:

Whatis the ratio between the two lengths, between the two

populations, between the twoareas... ?

an ordered perceptual approach and ask the questions:

In what order are the lengths given? Does the order of the
departmental population quantities correspond to the alpha-

betic order of the departments... ?

a selective perceptual approach and ask the question:

Whereareall the cities of 15 000 inhabitants?

an associative perceptual approach and ask the questions:

Whatis the distribution of the “cities,” disregarding any dif-

ferentiation among them? Whereis the forest, disregarding

any differentiation of age, size, or kind of trees?

Thus:

— All quantitative series can be considered as merely
ordered.

— All the categories of an ordered series can be considered

as merely differentiated.

— All the categories of a qualitative series can be consid-

ered as similar.

But:

— Aseries whichis only qualitative is not ordered (although
we can reorderit arbitrarily, page 36).

—A series which is only ordered is not quantitative

(although it may be defined by ordinal numbers, page

37).

The system of inclusion resulting from these statements is

expressed in figure 4, a more readable version of whichis

given in figure 5. This enables us to identify the perceptual

approaches which each component can generate, to choose

a visual representation of at least an equallevel, and to clas-

sify the visual variables among themselves.
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II. The Properties of the graphic system

In order to utilize graphic representation, we must consider the scope of the

system:that is, the visual variables which are available, their lengths, and their

levels of organization.

A. The scope of the graphic system

B. The plane

C. Theretinal variables



A. The scope of the graphic system

ITS LIMITS

A sign-system cannot be analyzed without a strict demar-

cation of its limits. This study does not include all types

of visual perception, and real movement is specifically

excluded from it. An incursion into cinematographic

expression very quickly reveals that most of its laws are

substantially different from the laws of atemporal drawing.

Although movement introduces only one additional vari-

able, it is an overwhelming one; it so dominates perception

that it severely limits the attention which can be given to

the meaning of the other variables. Furthermore,it is almost

certain that real time is not quantitative; it 1s “elastic.” The

temporal unit seems to lengthen during immobility and con-

tract during activity, though weare notyet able to determine

all the factors of this variation.

Actualrelief representation (the physical third dimension)

has no place here either and will be referred to only for pur-
poses of comparison.

In this study, we will consider only that whichis:

— representable or printable

— ona sheet of white paper

— of a standardsize,visible at a “glance”

— at a distance of vision correspondingto the reading of a

book or an atlas

— under normal and constant lighting (but taking into

account, whenapplicable, the difference between daylight

and artificial light)

— utilizing readily available graphic means.

Consequently, we will exclude:

— variationsof distance and illumination

— actualrelief (thicknesses, anaglyphs, stereoscopics)

— actual movement(flickering of the image, animated draw-

ings, film).

Within these limits, what is at the designer’s disposal?

MARKS!

In order to be visible a mark must have a powerto reflect

light which is different from that of the paper. The larger the

mark, the less pronouncedthe difference need be. A black

mark of minimum visibility and discriminability must have

a diameter of 2/10 mm.Butthis is not absolute, since a con-

stellation of smaller marksis perfectly visible.
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THE VISUAL VARIABLES

A visible mark can vary in position on a sheet of paper. In

figure 1 on the opposite page, for example, the black rectan-

gle is at the bottom and towardthe right of the white square.

It could just as well be at the bottom and towardtheleft, or

at the top and toward theright.

A mark can thus express a correspondence between the

two series constituted by the

TWO PLANAR DIMENSIONS

Fixed at a given point on the plane, the mark, provided it

has a certain dimension, can be drawnin different modes.

It can vary in

SIZE

VALUE

TEXTURE

COLOR

ORIENTATION
SHAPE

and can also express a correspondence betweenits planar

position and its position in the series constituting each

variable.

The designer thus has eight variables to work with. They

are the componentsof the graphic system andwill be called

the “visual variables.” They form the world of images. With

them the designer suggests perspective, the painter reality,

the graphic draftsman orderedrelationships, and the cartog-

rapher space.

This analysis of a temporal visual perception in eight factors

does not exclude other approaches. But, combined with the

notion of “implantation,” it has the advantage of being more

systematic, while remaining applicable to the practical prob-

lems encountered in graphic construction.

These variables have different properties and different

capacities for portraying given types of information. As

with all components, each variable is characterized byits

level of organization and its length. We will first study the

properties of the PLANE, then those of the RETINAL

VARIABLESwhich can be “elevated”abovethe plane.
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B. The plane

The plane is the mainstayof all graphic representation.It is

so familiar that its properties seem self-evident, but the most

familiar things are often the most poorly understood. The

plane is homogeneous and has two dimensions. The visual

consequences of these properties must be fully explored.

(1) Implantation (classes of representation)

The three types of signification—point, line, and area—

which can be assigned to a mark on the plane will be

termed “IMPLANTATIONS.’* They constitute the three

elementary figures of plane geometry.

Along a line, one can considera point or a line segment.

On the plane, one can consider a point, a line, or an area.

Failure to grasp the various ramifications of this fundamen-

tal notion is a frequent sourceof error in graphics. Confusion

stems from the fact that points and lines have no theoreti-
cal area, yet the marks representing them require a certain

amountof “area”to be visible.

Consequencesof distinguishing classes of representation

— The length (numberof available steps) of the retinal vari-

ables and their use vary with the class of representation

involved.

— The representation of quantities varies according to

whethera point, a line, or an areais utilized.

— Differences in classes of representation are selective.

— Ina single image, the same concept cannotbe represented

by different “implantations.”

THE POINT

A straight line on a sheet of paper has a certain length

which can be measured. But, at the moment of measuring,

its extremities are considered not to have length ontheline.

These are POINTS. However, they do have a position on

the line.

A point 51 mm from the horizontal edge of the paper and

34.5 mm from the vertical edge has a position on the plane.

Whetherit is madevisible by a “pin prick” 1/10 mm in diam-

eter, or by a “preprinted circle” 5 mm in diameter,its center

has a precise position, but the mark itself is not meant to

signify either length or area on the plane.

A POINTrepresents a location on the plane that has no
theoretical length or area. This signification is indepen-

dent of the size and character of the mark which renders
it visible.

Consequently, a point can vary in position, but will never

*See translator's note. page 7.
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signify a line or area on the plane of the image. By way ofcon-

trast, the mark which rendersit visible can vary in size, value,

texture, color, orientation, and shape, but it cannot vary in

position. Positional meaning naturally applies to the visual

center of the mark. Any other usage must he madeexplicit.

Numerous examplescan serveto illustrate this idea: geo-

detic or confluent points, a crossroads, the “corner” of a

forest, the position of an airplane,or a transmitter are points

in the planar space, without theoretical length or area. Their

graphic representation nonetheless requires the presence of

marks having sufficient size to render them visible. Repre-

sented cartographically, these phenomenaaresaid to have a

point representation.

THE LINE

Parallel reasoning permits describing a line as essentially
the boundary between twoareas. It has a length and a posi-

tion on the plane, but has no theoretical area.

A LINEsignifies a phenomenon on the plane which
has measurable length but no area. This signification is
independentof the width and characteristics of the mark

which rendersit visible.

Consequently, a line can vary in position but will never

signify an area on the plane of the image. However, the

mark which renders it visible can vary according to all the

variables other than those involving position on the plane:

in width, value, texture, color, orientation of its constituents,

and shape of detail. Positional meaning naturally applies

to the linear axis of the mark. The boundaryof a continent,

a nation, or a property, a ship’s course, or a bus route, are

linear phenomena withouttheoretical area. In cartography,

they will be represented bylines.

THE AREA

A mark can, however, signify an area on the plane.

AN AREAsignifies something on the plane that has a

measurable size. This signification applies to the entire
area covered bythe visible mark.

An area can vary in position, but the mark representing it

cannotvary in size, shape, nor orientation without causing

the area itself to vary in meaning. However, the mark can

vary in value, texture, and color.

If the area is visually represented by a constellation of

points or lines, these constituent points and lines can vary

in size, shape, or orientation without causing the area to

vary in meaning. In cartography, phenomenasuchaslakes,

islands, land, urban areas, and countries will be represented

by areas.



ANALYSIS OF THE QUANTITIES TO BE REPRESENTED
 

 

        

  
     
  

 

 
 
                   
 
 

 

   
  

      
  

 
   
      

Whenenumeration units have variable dimensions, the rep- QO

resentation of the quantities associated with these units must Alo °

take into account: 820 ®

(1) the point, line, or area representation of the units; C20 e

(2) the nature Q or QS of the quantities to be represented bp4Q ©

(see page 38). 4
Take the following information, concerning four com- 3 “@

munes(units) A BC D:

Units (communes) ABCD

Areas(S) 4 4 1 1 (tens of km’)

Quantity of pop. (QS) 4 8 2 4 (thousands of persons) QO
Density of pop. (Q) 122 4(%) a

In figure 1 the communes have a point representation. A | 1 7

They are points in a scatter plot (distribution of the com- ——* SUSEeEEe re 2

munes according to the percentage of agricultural [I] and BEE ne

industrial [II] population). B ‘| 3S...aa2 a
For each point a third factor can be added,either as quan- Cit] 4, TT 2, am

tities QS (figure 2), or quantities Q (figure 3) which will be Dit| 4, Haan 4 ,BGG
perceived correctly. 4 5 +»: QOS HH: Qs? 6 +: Q LH: OS

In figure 4 the communesare represented by vertical

line segments, whose lengths are proportional to S. If one A —;

constructs the quantities QS on the other dimensionof the A B|B/B|~—, coe,Seej]

plane (figure 5), the eye perceives the QS horizontally, but alAlA\BIB!B °

it especially sees the constructed area, that is, QS’, which ~ \ojpld[olclcicicicic
it interprets as being the population QS. The area and the OOec S
general outline are erroneous. One musttherefore construct ‘ om, LDIDICICICICICIC)7

QS/S (i.e., Q) along the horizontal axis, as in figure 6, and S Qs

this gives an exact image of the quantity QS,in area, and an T1222212 2
exact imageof the density Q, horizontally. 4 4 Ly Vi oe +4 5 2

In figure 7 the communesare represented by areas propor- 4|4\4 8 |8 +1|2 2]2212 2
tional to S. The QS andthe Q aredistributed as in figures 9 A \Adtg 4 Z a15 5 4 A ai 4t4 5 5 5 5 5 5

and 10. The most simple representation (one point per 1000 9| 4 44} Aes 5 f 40111 4 4 5 Stats                                            
inhabitants) producesfigure 8, whichis correct.

Onecan easily judge the visual confusion engendered by

figures 1] and 13, which extend the value QSto the entire

area.

The eye sees there, as in figure 5, QS multiplied by the

area, that is, QS? (see also page 77, figures 5 and 6). The rep-

resentation of the QS can, however, be useful (for example,

in measuring the responsibility of the different mayors). In

this case, figure 15, that 1s, a point QS per area, avoids the

preceding visual confusion.

In contrast, constructing a point Q per area leads to an

  

    
   

   

 

    

  

 

erroneousrepresentation (figure 16), whereas figures 12 and 4N 4,714 are correct. 8 VIZ

It is interesting to note that the perceptual error seen in

figure 5 is well knowntostatisticians and is nearly always

avoided, whereas the erroneous perceptions produced by

  

         figures 11 and 13, where the error is expressed in a similar 2e

mathematical manner (perception of QS’), are still found. 4e|°

Control of perception “above”the plane is less obvious than sel °

f ti . Itis SS 1 , QS.control of perception on the plane. It is no less important 155 << 0:QS [+]: QO

since it is of concernto all cartography.  



(2) The plane is continuous and homogeneous

The plane is capable of infinite subdivision.It is continuous.

Its divisibility is limited only by the thresholds of perception
and the limits of graphic differentiation. A line one centime-

ter in length easily supports ten identifiable divisions. Next

to shape variation, the plane offers the longest visual vari-

able. Therefore,it is to the plane that one will usually entrust

the representation of the longest components.

Since it has no breaksin continuity, no “gaps,” the plane will

not admit informational lacunae. As a result, it is very dif-

ficult to evaluate fragmentary information within the plane.

Even though it calls attention to missing data, the map in

figure 1 gives an ambiguous impression of the distribution.

Itis very difficult to disregard a part ofthe signifying plane.*

The certainty of the uniformity of the plane entails a
presumption of uniformity in the conventions adopted
within the signifying space.

Consequently, in a signifying space absence of signs signi-

fies absence of phenomena. Within a visible frameorlimit,

the space signifies something at every point. Any absence

of signal signifies absence of phenomenon. This is the

impression created by Figure 2. Therefore information must

be applied to the entire area in such a way that the empty

spaces signify absence of phenomenaand notmissing data.

In a signifying space any visual variable appears as

meaningful; the introduction, for example, of a color varia-

tion whose only aim is aesthetic or decorative will lead to

confusion if the color differences do not correspond to a

component. This same property precludes spontaneity in

the perception of logarithmic diagrams. Visible differences

in length can only be disregardedafter considerable training

In perception.

In figure 3, for example, one must learn that only the dif-

ferences in the slopes of the curves are meaningful.
Likewise, different lengths cannot immediately signify

equal lengths. However, such a change in convention is

sometimes necessary, particularly with networks (page 275),

and the reader mustbe rigorously informedofit.

*By this term Bertin meansthat part of the figure which is intended to convey

meaning. This excludes, for example, the space lying outside a geographic borderor

the frame of the drawing (translator’s note).
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In a signifying space a convention is invariable, and
any change in the convention is naturally interpreted as a

meaningful transformation in the structure of the distribu-

tion. Using a sign per departmentin one part of the image

(figure 4), a sign per canton in another, will be interpreted

as a meaningful change. The reader can correctthis inter-

pretation only by considering the two parts of the figure

“separately.”

The designer using an “inset” should be aware ofthese facts.

In figure 5, however, the absenceof signs immediately signi-

fies an absence of phenomena,andin figure 6 the changein

signs signifies a change in phenomena. Even if one under-

stands that the sign refers to the inset, it is still impossible,

in figures 5 and 6,to grasp the pertinent information, which

only figure 7 enables us to comprehendandretain. Figure

7 creates the only homogeneous image, and the inset fur-

nishesa clarification ofit.

An “inset” is a supplementary image, which can never

replace the main image(see, for example, page 188).

The frameof a graphic delimits the signifying space, but
it does not necessarily delimit the phenomenon. A natu-

rally circumscribed phenomenon, for example, the area of

jute production in Bengal (figure 8), only appears spatially

concentrated when it is circumscribed by a margin where

the “absence”of the phenomenonis visible (figure 9). If the

frameis too near, there is the presumption of an extension of

the phenomenon beyond the frame (figure 8), and the dem-

onstration of the spatial concentration of the phenomenonis

not accomplished.
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(3) The level of organization of the plane

THE LEVEL OF A VARIABLE

The perceptual properties of a variable determineits level.

Any individual will immediately class a series of values,

ranging from black to white as in figure 1, in a constant

order: A, B, C, D, or D, C, B, A, but never in another order.

Value is ordered. But each individual will class a series of
shapes, such asthosein figure 2, differently: A, B, C, D, E,

or B, A, D, C, E, or C, D, B, A, E. No visual classing asserts

itself a priori. Shape is not ordered.

Q@®@ O.
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 48

A value variation is thus capable of representing an ordered

component: that is, of providing an easy visual response

for any question implying an ordered perceptual approach.

A shape variation, on the other hand, cannot represent an

ordered component. If one adopts this variation, a question

involving an ordered component will have no immediate

visual response (see page 34).

The level of each visual variable can be defined as follows

(see also page 65):

A variable is SELECTIVE (#) whenit enables us to imme-

diately isolate all the correspondencesbelonging to the same

category (of this variable).

These correspondencesform “a family”: the family of red

signs, that of green signs; the family of light signs, that of

dark signs; the family of signs on the right, that of signs on

the left of the plane.

A variable is ASSOCIATIVE (=) when it permits the

immediate grouping of all the correspondences differenti-

ated by this variable.

These correspondencesare perceived “all categories com-

bined.” Squares, triangles, and circles which are black and

of the same size can be seen as similar signs. “Shape”’ 1s

associative. White, gray or black circles of the same size

will not be seen as similar. “Value”is not associative. A non-

associative variable will be termed dissociative (#).

A variable is ORDERED(QO) whenthe visualclassing ofits

categories, of its steps, is immediate and universal.

A gray is perceived as intermediate between a white and a

black, a medium size as intermediate between a small and a

large size; the sameis not true for, say, a blue, a green, and
a red, which, at equal value, do not immediately produce

an order.

A variable is QUANTITATIVE (Q) when the visual dis-

tance between two categories of an ordered component can

be immediately expressed by a numericalratio.

One length is perceived as equal to three times another

length; one area is a fourth that of another area. Note that

quantitative visual perception does not have the precision

of numerical measurement (if it did, numbers would, no

doubt, not have been invented). However, faced with two

lengths in an approximateratio of 1 to 4, unaided immedi-

ate visual perception permits usto affirm that the ratio being

signified is neither 1/2 nor 1/10. Quantitative perception is

based on the presence of a unit which can be compared to

all the categories in the variable. Since white cannot provide

a measuring unit for gray or black, quantitative relationships

cannot be translated by a value variation. Value can only

translate an order.



THE LEVEL OF ORGANIZATION OF THE PLANE

Among the visual variables, the plane provides the only

variables possessing all four perceptual properties. The two

planar dimensionshavethe highestlevel of organization and

can thus represent any componentof the information.

A variation in planar position is selective (+)

Two similar marks, differing only in position on the plane,

can be seen as different (figure 3), and we can immediately

isolate all the correspondences,all the marks belongingto a

given part of the plane. The best visual selection is obtained

by the construction of separate images, juxtaposed on the

plane (see, for example, figure 2, page 67).

A variation in position is associative (=)

Two similar marks, differing in position, can also be seen as

similar(figure 3), and, as a result, it is possible to perceive a

whole group of points, lines, or areas, all positional charac-

teristics combined.

A variation in position is ordered (QO)
Marks A, B, C, when aligned as in figure 4, are ordered

along the line, and this order will be universally perceived

in the same manner: A,B,C, or C, B, A, but never B, C,A.

Two examples of this are shown in figure 4. Thus for three

aligned points, one is between the two others, and for three

converging straight lines, one is between the twoothers.

This order can have a direction. Thus a point runs along

a straight line in one or the other direction (figure 5), and a

straight line rotates around a pointin oneorthe other direc-

tion (figure 5).

Consequently, the plane permits representing an ordered

collection, a ranking,or, in fact, any ordered component.

A difference in position is quantitative (Q)

This involves the interval and ratio properties of the plane.

Anyone can evaluate the relationships displayed in figure 6

with a certain degree of accuracy:

A>C>B A=2C B=C/2

The plane permits us to define equal segments or angles

(superimposed) as well as to add segments (end to end; see

figure 7), or angles (adjacent; see figure 8). This addition

has all the properties of the addition of positive or negative

numbers, once an orientation has been defined. Asa result,

the plane enables us to perceive ratios of length (figure 9),

angle (figure 8), or area (figure 13); to measure (figure 10)

or add (figure 13) areas; and to represent variable distances

among categories, when they are represented by lengths

(figure 11), angles (figure 12), or areas (figure 13).
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(4) Imposition (groups of representation)

The utilization of the two planar dimensions will be called

“imposition.” It depends primarily on the nature of the cor-

respondences expressed on the plane, which enables us to

divide graphic representation into four groups: diagrams,

networks, maps, and symbols.

FIRST GROUP: DIAGRAMS

Whenthe correspondences on the plane can be estab-

lished between:

— all the divisions of one component
— and all the divisions of another component, the con-

struction is a DIAGRAM.

Consider the information: trend of stock X on the Paris

exchange. As shown in figure 1, the designer must first

ensure that any date (component, time) can be correlated

with any price (component, quantities). After that he or

she will record the observed correspondences constituting

the given information (figure 2). But the designer need not

ensure a correspondence between two dates nor between

twoprices.

The process of constructing a diagram is as follows:

(1) defining a representation for the components;

(2) recording the correspondences.
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SECOND GROUP: NETWORKS

When the correspondences on the plane can be

established:

— amongall the divisions of the same component, the con-
struction is a NETWORK.

Consider the information: verbal relationships among differ-
ent individuals A, B,C, D... of a group.

INVARIANT —a verbal exchange between two individuals

COMPONENT -—different individuals A, B,C, D...

The designer must first ensure that any individual (of the

component“different individuals’) is capable of conversing

with any other individual (of the same component). Thisis

accomplished in figure 3. After that he or she will record the

observed correspondences constituting the given informa-

tion (figure 4). In the present case, the designer can then try

to simplify the image by ordering the elements in such a way

as to obtain the fewest possible intersections(figure 5).

Theprocess of constructing a network is the opposite of that

outlined for a diagram:

(1) recording the correspondencesin an initial manner;

(2) deducing from them the representation of the compo-

nent which will produce the simplest structure (the fewest

intersections).

To construct a diagram from the above information, it would
be necessary to add a component. One could consider, for

example, that the correspondences are between oneseries

of people who speak andanotherseries of people wholisten,

the two series being composed of the same elements. This

can be represented as in figures 6 and 7.
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THIRD GROUP: MAPS

When the correspondences on the plane can be

established:

— amongall the divisions of the same component

— arranged according to a geographic order, the network

traces out aGEOGRAPHIC MAP.

A geographic inventory of highways, for example, 1s consti-

tuted by the set of correspondences established among the

elements of a geographic series, usually a series of towns

arranged in a geographic order(figure 8).

Since a geographic network cannot be reordered arbi-

trarily, the image can only be simplified by eliminating

certain correspondences.

The process of constructing a mapIs the simplestofall:

(1) reproducing the geographic order;

(2) recording the given correspondences.

It excludes any problem of choice between the two planar

dimensions.

But a series of towns can obviously be arranged according

to a reorderable network, a circular one, for example. After

appropriate simplification, as in figure 9, the network pro-

vides another way of highlighting nodes andclusters, while

displaying the function of each element. A series of towns

can also be constructed in the form of a diagram, provided

the series is represented twice; this permits orienting the

correspondencesandindicating,as in figure 10, that one can

go from C to D,or B to A, for example, but not from D to C,

nor from A to B.

 

    

FOURTH GROUP: SYMBOLS

When the correspondence is not established on the

plane, but between a single element of the plane and the

reader, the correspondenceis exterior to the graphic.It

is a problem involving SYMBOLISM,whichis generally
based uponfigurative analogies of shape orcolor.

These are merely the result of acquired habits and can never

claim to be universal (unlike fundamental analogiesof dif-

ferentiation, resemblance, order, or quantity).

Such is the case for road or railway signs... , conventional

codes utilized in topography, agriculture, geology, or indus-

try ..., codes involving shape orcolor(safety signs, military

symbols ...). They are meaningful only if one recognizes

a previously seen shape (figure 11) or has learned the signi-

fication of a conventional shape (figure 12).

Diagrams, networks and maps permit us to reduce infor-

mation to its essential elements, by internal processing;

whereas symbolism, like language, seeks only to resolve

the problem of external identification, through immediate

recognition.

Generally speaking, any construction within the graphic

sign-system, whateverthe groupto whichit belongs, will be

termed a “representation”or a “graphic.”
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GROUPS OF IMPOSITION AND
TYPES OF IMPOSITION

With diagramsand networks, imposition is varied; the plane

can be utilized in many different ways. The components can

be inscribed:

— according to an ARRANGEMENTdispersed over the

entire plane

— or according to a construction whichis

— RECTILINEAR

— CIRCULAR

— ORTHOGONAL(rectilinear)

— POLARCcircular and orthogonal)

These will be called types of imposition. Our notion of

IMPOSITION thus involves a first stage, the division of

graphic representation into four GROUPS, and a second
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stage, the division of diagrams and networks into TYPES

OF IMPOSITION(this is all shownin figure 1).

The use of retinal variables, either to represent a third

component or to replace one of the planar dimensions,

produces “ELEVATIONS,” which can he combined with

all the types of imposition in order to form TYPES OF

CONSTRUCTION.

Note the wide variety of constructions possible with a

diagram or a network;this poses a problem of choice of con-

struction which does not occurin cartography.

The principal types of construction are expressedin figure

1 by SCHEMAS OF CONSTRUCTION, which will be

developed later (see pages 172 and 270) to form a system

of conventions capable of defining or analyzing any graphic

construction.



PRINCIPAL TYPES OF CONSTRUCTION

Consider the following information:

Distribution of traffic accident victims according to type of

vehicle:

INVARIANT —victim ofa traffic accident in France in 1958

COMPONENTS —Q ofpersons according to

# four categories (pedestrians, bicyclists,
motorcycles, four-wheeled vehicles

The data are as follows:

pedestrians 28951 motorcycles 74 887

bicycles 17 247 —four-wheeled vehicles 63 071
All the representations in the opposite margin portray this

information.

The figures differ in the size of the lines, the arrange-

ment of the text, the form of the letters, the precision of

the drawing, its geometric or figurative style, the amount

of black, and the shape of the whole. They could be further

differentiated by the size of the figure, by the use of shading

or value, by their colors,etc.

In fact, there is an infinite numberof possible figures. But

we knowthatthey are alike in two ways:

— Thepertinent correspondencesare the same;

— The construction is a diagram utilizing at least two visual
variables.

The manner in which the two planar dimensions are

employed permits us to classify them and to define types of

construction.
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en is an a PRINCIPAL TYPES OF CONSTRUCTION FOR A

a ——— DIAGRAM INVOLVING TWO COMPONENTS

2] 2 an Pec Rectilinear (or linear) construction
In figure 1, a straight line represents the total number of

[c |accident victims.It is divided into parts proportional to the

P| quantities in each category. Thus, the componentQ and the

ar component # are portrayed on the same axis.
3lc an aR In figures 2, 4, and 5, the qualitative component“different

anf vehicles” can be reordered by using the quantities in each

reeceoss 2h category. The width of the straight line has no numerical

—______> seeseeeee® F meaning; it is simply the means for rendering the straight
> ion line visible.

In these examplesthe total is portrayed, which we indi-

cate schematically by putting a bar through the arrow. The

second dimension of the plane is not used; it remains avail-

able for representing any further componentintroduced into

the information. 

   
Orthogonal construction
If, as in figure 3, the partial quantities are not added but are

related to the same base, we must employ a meansofdiffer-
entiation which will permit identification of the parts. The

simplest way is to juxtapose them (figures 6-10). This jux-

taposition forms an orthogonal construction, in which each

dimensionofthe plane represents a component.

In these examplesthe total is not portrayed, but the differ-

ent parts are easily comparable.

 
 

 

    
 

Rectilinear elevation

In figure 11, the areas are proportional to the quantities.

The signs are similar (homologous sides in a constant

ratio).

The linear dimensions are proportional to JQ. The

second dimension of the plane does not, therefore, represent

the quantities. These are depicted by the amountofarea, the

amountof “black”; that is, the componentQ is represented

by a retinal variation (a variation in “size’’). We indicate this

by using an inclined arrow.

The quantities could also be juxtaposed along a straight

line, as in figures 11, 12, and 13, or superimposed, as in

figures 14 and 15. However, the total is not portrayed, and

comparison ofthe parts is difficult. 
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Circular construction

By curving the construction in figure | we obtain a figure

such as figure 18. This construction is a circular version of

the rectilinear construction. Thetotal is portrayed.

Whenthe quantities making up a circular area are given

equalradii, the amountsare designated bothbytheir lengths

on the circumference and bytheir angle at the center (figure
16).

The eye has acquired a great precision in judging this

angle (figures 17 and 19), andthis is easier to grasp than the

circular length (figure 18).

Polar construction

By curving the construction in figure 6, we obtain figure 20.

The polar construction is a circular version of the orthogo-

nal construction. Thetotal is not portrayed, andthe parts are

not easily comparable (figures 21 and 22).

Circular elevation

By curving the construction in figure 11 we obtain figure 24.

The difference betweenthis construction and the polar con-

struction can beillustrated by comparing figures 23 and 26,

or figures 22 and 27. The circular construction often appears

as in figure 25. Circles are usedto facilitate identification of

the parts, whose areas are proportionalto the Q.

These principal types of construction permit classing all the

drawings on page 53 and,in fact, all planar constructions.

Their diversity poses a problem of choice, which can only

be solved by the notion ofefficiency and by the rules of con-

struction resulting from it.

Wewill discuss these constructions in later sections on

diagrams(classed according to their perceptual properties

on page 195) and networks(page 270).

 

 

 

 

 



TABLE OF LEVELS AND IMPOSITIONS

To define a graphic construction, we will use the conven-

tional signs below. They enable us to analyze all imagin-

able constructions and to indicate schemas of construction

for them. When applied to the mostefficient constructions,

these signs denote “standard” schemas.
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UTILIZATION OF THE
DIMENSIONS OF THE PLANE

RECTILINEAR UTILIZATION

Dimension of the plane utilized in

Quantity
of accidents
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UTILIZATION OF THE PLANE

In cartography, the geographic componentoccupies the two
planar dimensions. Consider the following information:
INVARIANT  -—-Salaried workers in establishments with

more than 500 employees
COMPONENTS —Q(in thousandsofsalaried workers),

according to

# five departments in Brittany

This information has two components. Its graphic repre-

sentation mustutilize at least two variables, and, depending

on the type of construction, will result in diagrams(figures

1, 2, or 3).

However, the qualitative component # is geographic in

nature. The various categories are spatially defined—they

are departments—and the information can also produce a

map (figure 4). In this representation, the readeris invited to
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Categories

Quantities )

@)    
superimpose on the natural map, as seen from an airplane,
elements whichare invisible but nonetheless “real.”

The reader is invited to perceive the sheet of paper, not

as a medium,but as a geographic space. The surface of the
papersignifies the surface of the earth; an excellent analogy,

since space is utilized to signify space.
This is more natural, more readily comprehensible than

the analogies usedinitially in figures 1, 2 and 3,or, say, the

correspondence of a planar dimension with time. Perhaps

this explains why figurative representation and cartography

were used several millennia earlier than the diagram, whose

analogies imply a higher degree of abstraction.

However, this natural analogy is obtained at the price of

the complete utilization of the two planar dimensions,andit

leaves no dimension of the plane available to represent the
quantities.

They must become secondary to the geographic



 

 

Quantities

nn

wy

Categories

@)   

 

Quantities

 
  

arrangement. The perception of the quantities can no longer

be based on the comparison of the juxtaposed elements of

a whole, as in figures 1 and 2, nor on the differences in the

length of the elements aligned along a base, as in figure 3.

Their perception must call upon othervisual variables, upon

new “stimuli” whoseutility was not considered as long as

the planar dimensionsweresufficient for the representation.

In figure 4, it is not so muchthe height of the columnasthe

amountof “black” which permits perceiving the quantities.

This becomesall the more evident as the numberof corre-

spondences increases (pages 360 and 374).

When two components occupy the plane, we must seek

new variables to represent additional components. These are

the “elevated” or “retinal” variables.
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C. The retinal variables

 With the introduction of a third component into the infor-

mation (or a second componentin cartography), the graphic

representation must utilize the retinal variables.

THE VISUAL VARIATIONS AVAILABLE “ABOVE” Pk

THE PLANE rs

 
Experimental psychology defines depth perception as the

result of multiple factors:

— binocularvision, within a limit of several meters XY

— the apparent movementof objects when the observer moves

— a decrease in the size of a known object GEO

— a decrease in the values of a knowncontrast {   
a reduction in the knowntexture of an object

a decrease in the saturation of the colors of known objects

deformationsof orientation and shape (perspective).
 

All these variations, with the exceptionofthefirst two, are

at the disposal of the graphic designer, who can use them to SIZE
add a third componentto thoseoffigure 1, for example. The
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designer can relate the categories of the additional compo-

AND ITS COUNTABLE VARIANTS

 

  
nent with any oneofthese variables:

 

— categories of SIZE: height of a column,area of a sign,  

 

 numberof equal signs(figure 2) 2
 

VALUE

—

GAs ds

  
— categories of VALUE,the various degrees between white    

 and black(figure 3) 3

60



 

TEXTURE

— categories of TEXTURE,that is, with a variation in the

fineness or coarsenessof the constituents of an area having

a given value (figure 4). This variation can be obtained by

4 enlarging or reducing a ruled photographic screen

  
 

 

 
— categories of COLOR(hue), using the repertoire of colored

5 sensations which can be producedat equal value (figure 5) 
 

ORIENTATION

— categories of ORIENTATION,variousorientations of a

line or line pattern, ranging from the vertical to the hori-

6 zontal in a distinct direction (figure 6) 
 

— categories of SHAPE,since a mark with a constantsize

can nonetheless have an infinite number of different

shapes(figure 7).

Thus any retinal variable can be used in the representation

of any component. Butit is obviousthat each variable is not

suited to every component.It is the notion of level of organi-

7 zation which providesthe key to solving this problem.   
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of enterprises

PLANAR DIMENSIONS AND
“RETINAL” VARIABLES

The use of retinal visual variables 1s not required by cartog-
raphy alone. It is necessary in all graphic problems involv-

ing three or more components, when the two dimensionsof
the plane are already being utilized.

Consider the information: amountof salaries, distributed

according to branchesof the economyandsize of enterprise.

INVARIANT —amountofsalaries distributed by enterprises

COMPONENTS —# five branches of the economy (commerce,

energy, transportation, industry, service)
—Q (salaries) in % per branch of the

economy, according to

—Ofive, business enterprise size-categories

(0, 1-5, 6-100, 101-500, more than 500

employees)

The quantities are given in figure 1. As in the map ofBrit-

tany (figure 1, page 60), the two dimensionsof the plane are

utilized; the branches on oneaxis, the size of the enterprises

on the other. Retinal variables must be called upon once
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again to represent the quantities, as illustrated in figures

2—7. In order to choose the best representation, we must

determine what distinguishes the planar dimensions from

these variables and what characterizes the different retinal
variables.

Whenthe planar dimensions represent two components of

the information, they constitute an image, whose organiza-

tion and basic form are established once andforall. They

lend the plane a meaning whichtranslates into quantities,

categories, time (in diagrams), or space (in maps). They also

define the field of vision. Beyondits frame the plane once

again becomesa sheetof paper; it no longer has a meaning
or else it changes in meaning to support another image.

Visual “scanning”is thus involved; the reader perceives the

planar dimensions through the intermediary of eye move-

ment. Overall perception of the plane depends on “muscular”

reactions of the optic system.

The retinal variables are inscribed “above”the plane and

are independentfrom it. The eye can perceive their variation

without requiring movement.

One could thus imagine a frame(figure 8) in which two
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different examples of each variable would appear succes-

sively, in the same place. This is shown in figures 9-14.

No muscular movementis required in order to distinguish

between the two examples. These variables rely upon other

visual reactions in which scanning does not seem to inter-

vene in a significant manner.

In order to distinguish them from “muscular” responses,

we will speak here of “retinal” responses and consequently

of retinal variables.

On the scale of ordinary perceptions, which alone inter-

est us here, the retinal variables are physiologically differ-

ent from the planar dimensions. However, with a very large

point, for example, there exists a limit beyond whichit 1s

no longer visible as a point. Perception must then call upon

“muscular” movement, and the point becomes meaningless

in terms of the retinal perception designated by the legend

(and reinforced by the other signs). We will now examine

the perceptual properties of each of these retinal variables.
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1. The level of organization of
. . HEIGHT OF INDIVIDUALS

the retinal variables

; ; . Brach ,
While the plane is at once selective, associative, ordered, rachycephall
and quantitative, the preceding pages show that the retinal

variables possess only someof these properties. Their levels

of organization differ. The correct representation of a quan- ee. |

titative component, for example, can only be accomplished ow.’ | ohat. 1

by a variation in size. ~— me

Along with the notion of “imposition” (see page 52) in mL ot
. 66 4

1 ° i
diagrams, that of “level” is probably the greatest potential . oTaistepie.

Mesocephali
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source of graphic error. Level of organization assumespar- °

ticular importance in cartography, because the two planar ee leom&-— :

dimensions are committed to the geographic base, which ss 9 mm - - 8 8 8

means that retinal variables must be utilized whenever a -— © @ @e eH + 0

second componentappearsin the data. my ie:_ ee Y | oy |
This notion could be studied variable by variable; however, 1 | | © @a@mmeormlUlmmlUmhthUhUEU

it seems moreuseful here to proceedlevel by level.

The visual variables used in the following tests are “pure”

variables; that is, they are considered withall other variation

excluded. For example, color (hue) variation is considered

for one given value. This precaution is indispensable in order

to avoid confusion. In most graphic constructions several

variables are combined. They must first be examined indi-

vidually. This will permit analyzing and understanding each

of the innumerable possible combinations. There are sixty- 00000060

three basic combinationsfor differentiating two pointsigns! @@@e0e00e0060@
The level of organization of each one of these combinations, eeeeee@

as we will see on page 186, corresponds to that of the indi-

vidual variable having the highest level of organization.
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ASSOCIATIVE PERCEPTION (=)

Associative perception is useful when oneis seeking to

equalize a variation, and to group correspondenceswith “all

categories of this variation combined.”

Example J: What is the distribution of the density of the

signs, and of the population density, in a map where each

sign represents 500 inhabitants, but where the signs differ

according to whetherthe inhabitants are farmers, herdsmen,

or nomads? If the nomadsare in black, the herdsmenin gray,

and the farmers in white, only the density of the nomads

will be perceived. A variation in value (black-gray-white) in

not associative.

Example 2: Associativity 1s required when the represen-

tation combines two components, such as cephalic index

and height of individuals, as in figure 1. The eye caneasily

isolate a given category or height by groupingthesigns, with

cephalic indices combined. Shape variation is associative.

But we cannot immediately isolate all the dolichocephali,

with all heights combined. Size variation, utilized here for

representing height, is not associative.It is “dissociative.” A

dissociative variable dominatesall combinations made with

it and prohibits carrying out an immediate visual selection

for the other variables.

Test for associativity. Since it is a question of disregarding

a variation, the best test seemsto bea series of undifferenti-

ated points forming a uniform area, as shownin figure 2.If

the eye can immediately reconstruct the uniformity of the

area, in spite of a given visual variation, this variation 1s

associative (=). If not, it is dissociative (#).

The tests given in figures 3-8 show that SIZE and
VALUEaredissociative, while all other variables are asso-

ciative. The sameis true for line and area representations.

Visibility

All the signs in figure 2 appear to us with the same power.

They have the same visual “weight”or “visibility.”

An associative variable does not cause the visibility ofthe

signs to vary.

Signs differentiated by size and value appearto us with

different power, and our moving away from the images, for

example, would cause the signs to disappear in succession.

They do not have the samevisibility.

A dissociative variable causes the visibility of the signs

to vary.
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SELECTIVE PERCEPTION(#)

Selective perception is utilized in obtaining an answer to

the question: “Where is a given category?” The eye must be

able to isolate all the elements of this category, disregard all

the other signs, and perceive the image formed bythe given

category.

Such perception can be immediate, in whichcasethe vari-
able is selective, and each category forms a family. On the

other hand, the perception can necessitate going through

sign by sign, in which casethe variableis notselective.

Test. In each of the imagesin figure 1 on the opposite page,

we attemptto isolate all the signs in the same category, then

recognize andretain the image which they form as a whole.

For all three implantations—point, line, and area—shape

is not selective; nor is orientation when represented by area.

The best visual selection is achieved by juxtaposing separate

images onthe plane(figure 2).

 

ORDERED PERCEPTION(0)

Ordered perception must be used in comparing two or
several orders: “Is the ordering of geographic locations by

birth rate similar to their ordering by death rate?” “Is the

classing of departments according to their overall popula-

tion similar to a classing accordingto tertiary population or

agricultural population?”
Such a comparison can be immediate, in which case the

variable is ordered. On the other hand, it can require a scru-

pulous analysis of all the correspondences,point by point, in

which case the variable is not ordered.

Test. When a variable is ordered, it is not necessary to

consult the legend to be able to order the categories.It is

obvious that this is before that and after the other. The best

test is to ask the reader to immediately reestablish the uni-

versal order of the signs for each variable.

In examining the graphics on the opposite page(figure 1),

it is obvious that the shapes, the orientations, and the colors

(value excluded) are not ordered. Each person can establish

any order whatsoever; noneasserts itself immediately.

Conversely, texture, value, and size imposean order which

is universal and immediately perceptible. Texture, value,

and size are ordered for all three types of implantation.
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QUANTITATIVE PERCEPTION (Q)

Quantitative perception is involved:

(1) when weseek to define numerically the ratio between

two signs;

(2) when weseek to group homogeneoussigns,that is, ones

involving small quantitative “distances,” and thus define the

natural steps resulting from a statistical study.

Test. When perception is quantitative, the numerical ratio

between two signsis immediate and necessitates no recourse

to the legend; it appears immediately to the readerthat this

is double that or is eight times that. The best perceptualtest

is to ask the reader the value of the larger sign if a value of

oneis attributed to the smallersign.

It is readily apparent that only size variation is quantita-

tive (see figure 1).

Value variation is not: White cannot serve as a unit for

measuring gray, nor can the latter for measuring black.

Texture variation is not quantitative either; the absence of

texture (or an invisible texture) cannot serve as a unit for

measuring a coarse texture. However, between two coarse

textures, a quantitative relationship can be discerned, since

the spacing is more evident. We must rememberthat quan-

titative perception represents an accurate approximation but

not a precise measurement.

LEVELS OF ORGANIZATION
OF THE VISUAL VARIABLES
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A CLASSING OF THE VISUAL VARIABLES

The above observations are summarized and schema-

tized in figure 2. The levels of organization and percep-

tual approaches order the visual variables in a necessary

sequence: planar dimensions—size—value—texture—color—

orientation—shape. We can thus identify “higher-level”

variables, that is, those possessing a greater number of

perceptual properties, which makes this classification

of fundamental importance in the choice of a graphic

representation.

Note, however, that, unlike the plane, no retinal variable

possessesall four properties and that the inclusive nature of

the properties is disrupted in the caseof associativity, which

is absent in size and value.

This table (figure 2) will be further developed on page 96,

after we have studied each variable in terms of its length,

which is a type of implantation and the intended perceptual

level.
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2. Characteristics and properties
of the retinal variables

SIZE VARIATION

In point or line representation, any figure can vary in size

without varying in position, value, texture, color, orientation,

or shape.

It is a variation in the dimensions of the mark (area)

which constitutes the perceptual stimulus for size

variation.

Implantation

In point representation, the figure can assume many forms:

It can be geometric or mimetic; it can be a columnof pro-

portional height; it can be formedbyparts whichare joined

and countable. The extent of variation is very large in point
representation; we can, for example, usefully construct two

visible points, one of which has an area 10 OOO times larger

than that of the other (pages 182 and 363).

In linear representation, a line can be madeto vary in

thickness.

Wecan also juxtapose countable parallel lines. However,
the extent of variation will be limited if the lines converge,

as in a highway network.

In area representation, the area cannot vary in size. But

its constituent points or lines can vary in size and number.

Here, the extent of variation is limited by the size of the area

involved. However,it is possible to construct severalcircles

or figures which extend beyondthe area (page 373).

Length
In quantitative perception and ordered perception, the

numberof possible steps is unlimited, but on the average the

eye will not distinguish more than twenty steps between two

points whoseareas are in a ratio of | to 10. This limit has

caused us to propose a “natural series of graduated sizes,

indicating the steps which are necessary and sufficient for

any quantitative representation (page 369).

9

Perception

With selective perception, size variation is very limited. In

the circumstancesthat occur in an average drawing,it 1s not

advisable to count on morethan fouror five selective steps

(such that one can isolate and precisely define the form con-

stituted by all the points of a given size). Size variation is

dissociative, and it is not possible to disregard it visually.

Any other variable combined with a size variation will be

dominated by it, and its length will diminish accordingly.
With very small points, color, for example, becomespracti-

cally imperceptible.

The combination of size and value. Since value 1s also dis-
sociative, a size variation will be perceptible only for signs

having a dark value. Black or white signs can even deprive

the size variation of all of its immediate properties.
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VALUE VARIATION

Value variation is the continuous progression which the eye

perceives in a series of grays ranging from black to white

(figure 1). On white paper the strongest value can be con-

cededto be black.

This progression is independent of color (hue); one can

pass from black to white by grays, by blues, or by reds...

(page 85). We will use the term “medium value” to desig-

nate one of the instances intermediate between black and

white, whatever the color. However, a given color—blue,red,

or green—no matter how dark, will always be lighter than

black at the moment whenit is detectable. Consequently, the

ratio between the total amounts of black and white per-

ceived on a given surface will be called value.

The value of a colored surface is designated by the gray

whose value is equivalent to that of the surface. But, in
practice, a gray is designated by the ratio between a given

surface of paper (not of white) and the printed surface;
we speak of a ten percent gray, which meansten percent

black and ninety percent white.

A medium valuein a given coloror in black is obtained in

three ways:

— by mixing white with the color as do painters and printers

— by “simulated-engraving,” which transforms, by photome-

chanical processes,a flat gray tint into a regular pattern of

points that are very small and generally invisible to the eye

(in printed photos, for example)

— by “shading”or “dotting,” which involves drawingfine but

generally visible marks. This latter process is the simplest

and most commonly used.

Length of value variation

A value variation is ordered, whatever the numberof steps

being constructed.

For selective perception, it is advisable not to exceed six

or seven steps of value—black and white included.

Length obviously depends on the distance available

between black and white. This will be even more limited

if the “white” is not white. It is thus a serious error to use

colored paper(gray, blue, green, red, .. . ) for a graphic or

map wherevalueis to be used as a meaningful variable. The

loss of legibility is considerable (see figure 2). Length also

varies with the size of the marks. The smaller they are, the

 
2 DATES OF MAXIMUM POPULATIO

greater the reduction in the numberofselective steps (see

figure 1).

Furthermore,it is clear that the contrast between gray and

white is greater as the marks become smaller (figure 1). In

order to retain the appearance of a “medium”’ gray (equi-

distant from white and black) on a white sheet of paper, we

must use a lighter gray for a smaller mark. However, this

effect only applies where a large white surface is involved.

In other cases, the phenomenon does not seem to occur.

Value variation is dissociative. It is not possible to disre-
gard it visually. Any other variable combined with a value

variation will be dominatedbythelatter, and its length will

diminish accordingly. With very pale values,the identifiable

numberof sizes, colors, shapes, orientations, and textures

diminishes and disappearsat null value.*

TERMINOLOGY

*The same visual sensation can be provoked by different stimuli. Consequently,

one distinguishes in experimental psychology between: (a) something that refers

to the perceived sensation and permits defining a visual sensation (but is not mea-

surable); and (b) something that provokesthis sensation: the (measurable) stimulus.

The determination of a value can be considered in different ways:

— by measuring the quantity of reflected light. This is the “luminance”of the stimu-

lus, which correspondsto the “brightness” of the sensation:

— by measuring the ratio between the luminance of a gray and that of a “perfect”

diffuser (a white). This is the “luminancefactor” to which correspondsthe “luster”

of a sensation.

It does not seem helpfulto utilize these distinctionsin this study. The term “inten-
sity” could also apply. But we prefer to use VALUEsincethis is the only term that

involves the adjectives. light and dark.
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CONSTRUCTION OF EQUIDISTANT STEPS OF VALUE

Dividing available values into equal parts is a common

problem, whosesolution is relatively complex.

In figure 1 the progression of black is arithmetic (see

series 2). Note that equidistance is not obtained—the step

limits are much more perceptible at the extremities of the

scale than at the center. In effect, the eye sees ratios and

not absolute quantities. Thus, the ratio betweenthefirst two

grays 1S

20 /10 that is, 2
80/ 90 4
and the ratio between the second andthethird grayts

30 /20 - 12=0 |80 thatis, 7

The sequence ofratios (series 3) and progressions(series 4)

indicates the variation in visual distance amongthesteps of

the scale.
The values defined in series 5 are more regular. The

sequence of ratios 1s constant (series 6); the ratio of the

progression is 2, producing a regular increase of 100%.It

is easy to determine the formula for this series, if we give

white and black values other than 0 and 100, which, inciden-

tally, correspondsto reality. If we call

W the value of white

B _the value of black

r the ratio of the progression

n the numberofsteps

it is clear that the value of white must be multiplied by r

(n — 1) in order to obtain the value of black, that is, W r

(n — 1)=B, from whichthe progression is derived as a func-

tion of the numberofsteps:

r="\/(B/W)

If white is given the value 5/95 and black 95/5 we obtain:

r="/ 361

andseries 7 is derived from it. But note that the progression

is not rigorous and that a slight adjustment must be madefor

the light values in order to obtain a good equidistance (see

series 8). From this we derive figure 9, in which the logarith-

mic progression 1s adjusted, and also the table in figure 10.

This table shows the various equidistant values that should

be used, depending on how manysteps are involved in the

series.

Commoncases. For a small numberof steps the following

principles can be applied:

Three steps: black—medium gray (slightly below rather than

above 50/50)—white (figure 11)

Five steps: as for three steps, but with a black “broken up” by

fine white lines or dots and a white “broken up”in the same

way(figure 12)

Foursteps: black—twograys of about 25/75 and 75/25—white

(figure 13)

 9
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Six steps: as for four steps, but with a white and black which

are “broken up”(figure 14).

In area representation value variation can also be obtained

with prepared screens, in combination with other variables

(page 340).
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PRINCIPAL SOURCES OF CONFUSION IN THE
USE OF VALUE VARIATION

Value is ordered, and we cannotreorderit

In figure 1 (death rates in Paris [numberof annual deaths per

1000 inhabitants]), the designer was not careful to order the

grays according to the order of the death rates. The figure

must be read point by point, and it is only through consid-

erable mental effort that the information can be grasped.
Visual evaluation of the image would be erroneous.

Whenthe two orders correspond (figure 2) the image

becomes meaningful, andits retention useful.

Value is not quantitative

When oil consumption in Europe (1954) is portrayed by a
value variation, as in figure 3, only the order in which the

consumptionsare classed is indicated. Even if it is known

that Portugal consumesone million tons, the image byitself

permits no evaluation of consumption in the other countries.

The reader is dependent upon a legend. Visual means are

underemployed.

However, if a size variation is used, ratios are perceptible

and evaluations are possible (figure 4).

The population of the various sections of Paris, as rep-

resented in figure 5, indicates the order of the sections by

population size. However, this image produces an erroneous

impression of the concept—population—because an area

representation suggests the notion of density. But we can see

from figure 6 that the representation of density gives a very
different image.

The representation of quantities by value obliges the

designer to transform a series of numbers into a series of

numerical classes. There are several rules for doing this.

But the problem is precisely that there is no single rule; the

reader never sees more than a certain choice of steps, among

all the possible ones.

The maps in figures 8—11 all represent the same informa-

tion that is given in figure 7, 1.e., the working population in

the industrial sector in 1954. Depending on the particular

design, each reader will form a different image of the same

information. The only image which doesnot involve a prior

choice of class intervals is figure 12, where the quantities

are represented by proportionalcircles.
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TEXTURE VARIATION*

Texture variation is the sensation resulting from a series of

photographic reductions of a pattern of marks. For a given

area and with a regular pattern, these reductions increase

the numberof marks, without causing the value of the area

to vary. (In figure 1 opposite, texture is given horizontally;

value and shape [pattern] vertically).

At a given value, the TEXTUREis the numberof sepa-

rable marks contained in a unitary area.

This variation (figure 2) begins at null texture, in which

the elements are so numerous, but at the same time so small,

that they are no longeridentifiable to the naked eye.

From null texture, the variation extends to large textures

(or “coarse” ones), which form the limit beyond whichthere

is ambiguity concerning the implantation of the sign (in a

pattern whichis too coarse, the notion of area threatens to

disappear).

The fineness of the texture is directly proportional to the

number of marks; in photogravure a screen of 5O (that is

50 points to the inch) constitutes a coarse texture; a Screen

of 300 correspondsat the present time to the finest texture

available by this technique.

If, in the above discussion, we have taken photographic

reduction as an example,it is because it 1s directly linked to

the notion of texture. However, many designers of scientific

atlases are unaware ofthis link, since:

a texture whichis too fine does not reduce andwill disap-

pear in microfilmed reproduction.

Since the scientific documentation of tomorrow will be pri-

marily on microfilm, most of the fine-screen representations

*For definition, see note on page 11 (translator’s note).

will disappear, carrying with them the information which

they now contain (see, for example, page 365).

Value and texture

Any value can support a variation in texture (except, of

course, for the two extreme values, black and white). In

medium valuessteps based on texture are highly perceptible

and can producethe “vibratory effect” shownin figure | on

page 80.

Size and texture
The length of a given texture variation is directly linked to

the size of the mark. The larger the mark, the greater the

number of separable steps. Consequently, it is the type of

implantation whichcontrols the available length.

Implantation

It is obviously in area representation that texture will be

associated with the largest marks, thus furnishing the great-

est number of perceptible steps. Such steps will be quite

numerous for ordered perception, but limited to fourorfive

for selective perception.

In linear representation (for a line thickness of | mm)

texture is also limited to three or four selective steps.

In point representation texture requires quite large signs

but yields only twoorthree selective steps. Texture 1s often

used to produce a vibratory effect. However, this only occurs

whenthe marksare of a certain size and shape.

)



THE VIBRATORY EFFECT OF TEXTURE

Black and white combined in a certain way over areas can

create the uncomfortable sensation produced by figure |.

This visual effect constitutes a remarkable selective possi-

bility whenit is properly utilized.

Whendoesit occur?

Figure 2 on the page opposite combines variations of

texture and value. It is repeated for the purposes of high-

lighting the phenomenon(i.e., the six lines at the bottom are

simply the inverse of the six lines at the top).

From left to right is the value variation; from top (or from

bottom) toward the center is the texture variation.

80

The vibratory effect appears in the central region and con-

sequently involves values bordering on 50% and constituent

sizes of more than | mm. This “vibration” seemsto result

from the collusion of a physiological effect—thecreation of

a certain resonance at the retinal level—and a psychologi-

cal effect—the hesitation between “figure and ground.” In a

given graphic representation this corresponds to an immedi-

ate ambiguity concerning the implantation:Is it an area,line,

Or point sign?

It is the designer’s duty to make the mostof this variation,

to obtain the resonance without provoking an uncomfort-

able sensation, to flirt with ambiguity without succumbing

to it.
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The vibratory effect in linear representation
This effect is easy to obtain (see figure 2B, C, and D), andit

determinesthe selectivity of texture in linear representation.

(The value variation runs from figure | to 3, and the texture

variation from A to E.)

Thevibratory effect in point representation

Providing the signs are large enough (larger than 2 mm,

approximately), this vibratory effect can be produced in two

ways:
(1) by a variation in internal complexity within a given

shape, as in figures 4 or5.

But amongall the possibilities for construction offigure 5,

whatsizes of the white ring yield the best vibratory effect?

The table in figure 7 combines variations in the arrange-

mentof the ring (from left to right) and variations in value

(from top to bottom). A cyclical construction (figure 8)

emphasizes the powerof this effect, which dominates the

value variation. This construction confirms that it is in

values of 50% to 60% and around the designs marked by a

cross in figure 8 that the effect is at a maximum.

(2) by a variation in the external complexity of a sign, that

is, by contrasting the circle, the cross, and the dash (figure
6). In terms of perceptual effect, this variation approaches

that of texture. It tends to create, within the limits of the sign,

a zone of vibratory confusion and ambiguity. Owingto this

effect, the circle, the cross, and the dash are the three shapes

which, within certain limits, allow for a selective perception.

However, these three signs are not visually ordered.
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COLOR VARIATION

The use of color cannot be understood unless the notion

of color (hue) is distinguished in a rigorous and definitive

mannerfrom the notion of value. They are two different sen-

sations, which, by nature, overlap. We have already defined

what we meanby value variation.

COLORvariation is simply the perceptible difference

which can be perceived between uniform areas having

the same value.

In the double-entry table (figure 1), which represents the

color-value combination,it is clear that we can pass through

the entire series of colors without changing in value (from

left to right), just as we can passthroughtheentire series of

values within each color (from top bottom).

Each of the boxesin figure | 1s a TONE.A tone placed on

a Sheet of paperis therefore defined by two parameters: color

(hue)* with the categories violet, blue, green, yellow, orange,

red, purple, gray (or neutral tint);+ and value, defined by the

percentage of black in the corresponding gray.

Color saturation
In order to construct the entire series of values, it 1s neces-

sary, no matter what the color chosen, to add some white in

order to obtain light values, or some black in order to obtain

dark values. For each color, there is a central value which

does not require the addition of white or black. In this privi-

leged value the color, being neither “washed out” with white

(desaturated), not “soiled” by black (darkened), appears as

mostbrilliant. This is the “pure tone” in painting, printing,

and colorimetrics. It is the “saturated tone” in experimental

psychology.

White correspondsto the addition ofall other colors, black

to the diminution ofall reflecting power. The saturated tone

correspondsthen to a color involving no mixture with other

colors, that is, to a very thin band on the color spectrum.

Value and saturation
The saturated color is marked by a dotin figure 1 opposite.

Note that the pure yellow is in row 5, the pure green and

orange in row 4,the blue andthe red in row 3, the violet and

the purple in row 2.
The saturated tone is not of constant value (figure 2),

but varies in value accordingto the color (figure 3).

It is this fact that leads to many of the main problems

raised by the use of color. In graphic representation its rami-

fications are numerous.

TERMINOLOGY
*The word “tint” is too loaded with ambiguity in common languageto help usin

defining the notion of color. Indeed. we often speak oflight or dark tints (value varia-
tion), warm or cooltints (color variation), flat or textured tints (texture variation).

*Color variation is the visual sensation resulting from a difference between
uniform areas. Thus gray constitutes a color variation in relation to any othercolor.
Conversely. a monochrome drawing in red contains no color variation. (It can be
photographedin black and white withoutloss of information.)
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AT EQUAL SATURATION (MAXIMUM SATURATION)

Theseries of pure tones combinescolor and value

If we retain only the pure tones, whichis natural since these

are the mostbrilliant, we simultaneously construct a color

variation and a value variation. This is the color spectrum

represented in figure 4.

Each of the two regions of the spectrum, on either

side of yellow, produces an orderedseries

Thelightest color, near the center of the spectrum,is yellow.

But for all the other levels of value the eye encounters two

different colors. The order of the values does not correspond

with that of the spectral scale.

Immediate visual perception will follow the

order of the values and combine the
two extremities of the spectrum

Let us consider the information in figure 1. Represented

by a value series (figure 2), it produces the mapin figure 3,

whichis a “North-South” image. Represented by the color

spectrum (figure 4), it produces the “East-West” image in

figure 5, which is a misrepresentation of the information.

Note that it is impossible to disregard this orientation. The

eye seems to combine the two extremities of the spectrum

into the same perceptual unit, which then contrasts with the

unit formed bythe central colors. This is becausethe central

colors are “light,” whereas the extreme colors are “darker.”

Value perception dominates color perception

In figure 5, blue and red are immediately perceived as

similar, rather than different. If this is true, then a legend

ordering the colors according to their value (figure 6) will

produce an image corresponding to the correct distribution

of the information, as we saw it in figure 3. This is con-

firmed byfigure 7.

Thus the combination of the “cool” series with the
“warm”series is a source of visual confusion in the repre-

sentation of an ordered component.

Such a combination 1s only possible with isarithms, where

colors whichare not adjacent on the spectral scale are never

brought together on the plane. The total imageis then based

on a “warm-light—cool”series (figure 8). The resultant map

(figure 9) indeed captures the “North-South”distribution of

the information displayed in figures 3 and 7.

AT EQUAL VALUE

Color variation is not ordered
A color variation without value variation (figure 10) will

produce a flat, meaningless image(figure 11). What is prop-

erly called color variation is only selective and associative;it

cannot be used to represent an ordered component.

The choiceof selective colors differs according to value

At a given value, that is, on a horizontal row in figure 1 on

page 84, there are only twosaturated colors (and a single

one for row 5). The farther one gets horizontally from asat-

uration point, the morethe othercolors, “soiled” by black or

“washed out” with white, tend to fuse into grayness.

Selectivity is at a maximum nearthe saturated color

and diminishes as one moves awayfrom it
As aresult, with light values, steps should be chosen around

yellow,that is, from green to orange;blue,violet, purple, and

red at light value are grayish and notveryselective.

Medium values offer the greatest numberof selective color

steps. The two saturated colors—blue and red—are diamet-

rically opposed on the colorcircle, and the “grayish” sectors
are reduced to a minimum.

When dark values are being used, the best colors for

making the marks stand out well run from blue to red

(through violet and purple). Dark green, dark yellow, and

dark orangeare dull and not highly differentiated.
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THE SIZE OF THE MARKS AND COLOR “FUSION”

No color sensation is perfectly pure. Nature mixes colors,

and the problem is to separate them in space. In order to

obtain a color sensation, that is, a perceptible color differ-

ence, there must be an area covered with a uniform color

(similar over the entire area) and contrasting with another

area (of another uniform color). Obviously, the smaller the

areas, the more one approachesa natural mixture, and the

less the problem is resolved. Any effort at coloration is a

struggle against natural mixture, against color “fusion.”

The smaller the mark,the less distinguishable are the

colors; the length of a color variation is thus a function of

the size of the marks.

The marks must beat least 1.5 mm in diameterto usefully

support even a very few color variations. On the other hand,

it is easy to see a difference between any two colors, no

matter how similar, when they are applied over a large area.
For very large areas, perceiving a million different separa-

ble tones is conceivable.

Color fusion permits us to create
new colors from given colors

Once the problem of separation is moreor less resolved, by

the use of colored pigments, it is easy to move in the other

direction and mix the colors. The eye naturally mixes sepa-

rate colors, all the more easily when spatial separation 1s

reduced by the arrangementof the marks.

A blue and a white produce,at certain points, a blue, and

a light blue, and a white (figure 1). From onearea to another,

we progressively see the blue becoming altered, the white

becoming colored. A blue and a yellow produce,at a certain

point, a green (figure 2). This visual property 1s the basis for:

(1) trichromatic representation. From “primary” blue (cyan),

yellow, and red (magenta), virtually the entire spectrum can

be reconstructed in a mannersufficient for most common

problems(figure 3).

(2) trichromatic analysis. The three primary colors can be

used to represent three ordered components. The multiple

combinations of the components can then be studied and

any regions of the plane correspondingto similar or neigh-

boring combinations can be discovered. They will have the

sametone. Thisis trichromatic analysis (figure 3).

(3) the spatial division which transformsthe color of a mark

according to the sharpnessofits boundaries. Blurred edges

favor fusion. The most commongraphic application is an

arrangementof graded points; it extends its coloration well

beyond thelast point (figure 4).

PRINCIPAL SOURCES OF CONFUSION
IN THE USE OF COLOR

Thecolors of the spectrum are dissociative (+)

The series of pure tones varies in value and, as such, is

dissociative.

Yellow is a light color, very near to white. Consequently,

line B of figure 5 is not very visible.

In linear (or point) representation, light colors should be

avoided. Black can replace them,andthe series will have

sufficient visibility. Furthermore, it is necessary here and

in the following examples to ensure that a black and white

photograph of a color graphic wouldstill be comprehensible

(see page 90). This is achieved by combiningcolorwith other

visual variables (shape, texture, and orientation). Finally, we

note that in all these examples (figures 5—8), a monochrome

legend1s, practically speaking,as efficient as color.

Color is selective (+); it is not ordered

The series of points in column 2 offigure 6 is supposed to

represent an order of centuries, but it would not produce

an ordered image. This result could only be obtained by a

series of values from one of the scales of the spectrum (here

the “warm”scale), preferably combined with orientation

(column 3, figure 6).

The eye mixes the twoscales of the spectrum in a single

series of values
In figures 7 and8,it 1s not the order of the component which

the eye will reconstruct, but the order of the values. This

will lead to the confusion observedin figure 5 on page 86.

In figure 7 the component is homogeneous. We can go

from white to black either by the “warm”scale or the “cool”

one, each excluding the other.

In figure 8 the componentis a dual one, differentiating a

positive series from a negative one. The solution consists of

representing the positive series by the “warm” scale, with

quite fine screens (fine texture), and the negative series by a

variation in the size of highly visible points (coarse texture)

rendered in a single color borrowed from the “cool” scale

(green or, preferably, blue).
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Color is not indispensable
Since visual order derives from value perception, a mono-

chromeseries running from white to blackisitself sufficient

for the representation of an ordered component (see figure

2, page 86).

A difference in texture can be used to differentiate the

negative part of a given series, as in figure 1, for area maps

(isopleths), and figure 2, for contour maps(isarithms).
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SYMBOLISM AND COLOR AESTHETICS

Color symbolism

Throughout the entire world, water, seas, and rivers are

neverred; fire, heat, and drynessare not generally accompa-

nied by a blue sensation; vegetation is most often green. .. .

At the sametime, birth, marriage, and death are often asso-

ciated with particular colors. Color symbolism results from

the moreorless universal nature of certain visual images.

But there are only eight distinct colors. Whatever the con-

ceptual domain treated by graphic representation, color is

efficient only if the entire length of the variation is utilized.

Therefore, spectacular color effects which are irreconcilable

with the universal nature of a concept being represented

should be avoided.

Color harmonies
Theefficient use of color is primarily governed byall the

preceding observations. Within the margin of freedom

which remains, it 1s necessary to draw upon accepted aes-

thetic rules. They often contradict the rules which assure a

goodcolorselection. We will call those compositions which

utilize different values within a given color “value harmony”

(or tone-on-tone harmony, or cameo). We will call composi-

tions which utilize several neighboring colors on the color

circle (for example, blue, blue-green, green) “hue harmony.”

Combined with value harmony, hue harmony produces a

highly “aesthetic” effect.

A “contrast” is created by adding to a hue harmony the

color which is diametrically opposed on the circle, thatis,

the complementary color. Theartistic effect depends on the

size of the colored areas. The complementary area must be

small in relation to the original area, which wewill call the

“dominant”area.



ADVANTAGES AND DISADVANTAGES OF COLOR

Advantages
Color is an excellent selective variable. It combines easily

with other variables and is eminently “legible.” Thanks to

colored pensand inks, it will always remain the privileged

variable of the graphic designer in problems involving dif-

ferentiation, particularly at the moment of inventory and

classification. However, rememberthat color is only selec-

tive, whereas information processing involves problems of

ordering. Consequently, color is neverstrictly indispensable

in the stages of research, analysis, and processing.

Above all, color exercises an undeniable psychological

attraction. In contrast to black-and-white it is richer in cere-

bral stimulation, and in numerous cases whereit can appear

as a luxury, this luxury nonetheless “pays off.” It captures

and holdsattention, multiplies the numberofreaders, assures

better retention of the information, and, in short, increases

the scope of the message. Coloris particularly applicable to

graphic messages ofa pedagogical nature.

Disadvantages

Aside from its high cost when publication is involved, color

has two major disadvantages:

— Anomalies of chromatic perception (color blindness).

These anomalies are more frequent than is generally

believed. They become serious for those who utilize the

graphic document as a research tool. The color-blind

person alleviates this disadvantage by looking, often

unconsciously, for alternative signals which will permit

restoring the meaning of the message. It is important that

the drawing furnishthese.

— Reprographic problems. The immediate reproduction of

several copies 1s the basis for the scientific documentation

of tomorrow.For practical reasons, color will be excluded

from this. In contrast to monochromereproduction,color

can multiply the cost many times over, and increase the

time factor considerably. And in spite of these tremen-

dous differences, color reproduction on paper or film

reduces color differentiation and thus destroys part of the

information.

In orderto alleviate these two disadvantages of using color,

a color variation should only be applied to those prob-

lems where it appears indispensable: precision inventories,

““trichromatic analysis,’ pedagogy. Furthermore, one must:

(1) make a potential monochrome photograph decipher-

able—by combining color with other variables (figures 5-8

on page 88)

(2) in any complex selective problem, add a small mono-

chrome image for each of the components. These smaller

images enable us to perceive the distribution of a given

component.
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ORIENTATION VARIATION

In point representation, a mark can assume an infinite

numberof different orientations without changing the posi-

tion of its center. However, we are sensitive to such a varia-

tion only when the markhasa linear aspect(figure 1). (The

ratio height/base must be at least 4/1.) Furthermore,for this

variation to be meaningful, we must be able to detect cat-

egories of orientation (figure 2); this obliges the designer to

limit the numberof categories in orderto distinguish among

them. Parallelism amongthe signs in a meaningful orienta-

tion 1s thus of fundamental importance, and we can further

state that:

it is the difference in angle between fields created by

several parallel signs which constitutes the perceptible

“stimulus” for orientation variation.

Parallel circular systems (figure 5) and their rectilinear

counterparts (figures 4 and 6) also involve variations in

orientation. They create well-defined fields in area repre-

sentation as well as in point representation (note that the

centers of the corresponding signs are the samein figures

7, 8, and 9).

Implantations

Since shape variation is notselective,it is clear that, in point

representation, orientation is the only available variation

which can differentiate signs of equal visibility (see 323).

(Color is another possibility, but this cannot be used for
reasons mentioned earlier. Texture too is possible, but it has

limited length and ts difficult to construct.)

It is preferable to restrict oneself to four orientations

(figure 10), constructing the oblique lines at 30 degrees and

60 degrees rather than at 45 degrees. Five orientations are

possible, but selectivity diminishes. Note that all the oblique

signs tend to form a family in contrast to the orthogonal

signs.

Linear signs can vary in shape(figure 11). If we study a

drawing of oriented signs, the axis of perception being as

distant as possible from the perpendicularto the plane of the

paper(figure 12), all the signs parallel to this axis stand out

and isolate themselves from the othersigns.

In linear representation we must limit ourselves to two

orientations: the axis of the line and its perpendicular. Selec-

tivity is reduced butstill exists.

In area representation variation in orientation is the

easiest to construct, but it is at the same timetheleast selec-

tive (figure 3). It can only be usedat the inventory stage or in

combination with a selective variable.
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SHAPE VARIATION

The world of shapesis infinite
A mark with a constant area can assumean infinite number

of different shapes. This variation has unlimited length, and

it is tempting to abuseit.

Figure 1 contains several hundred different signs. Three

pairs are strictly similar. In searching for them the reader

will notice that the eye focuses only on the mimetic shapes

and virtually ignores the geometric ones. An idea, not a

figure, creates interest and facilitates retention. Note the

difficulty experienced in attempting to study more than

one sign at once and in searching for the same sign several

moments after observing it. This is because identification

of the sign absorbsall the reader’s attention, obscuring the

position of the sign on the page.

It is the element of “similarity” recognized in the

shape whichconstitutes the stimulus for this variable and
confers its principal characteristics upon it:

Shape variation is associative and can be used when the

image of the density of the signs, “all shapes combined,”is

meaningful (page 157 andfigure 1, page 322).

Shape variation is not selective. It does not permit answer-

ing the question: “Whereis a given category (differentiated

by shape)?’’(See, for example, page 157.) All signs of like

shape cannot be groupedat a single glance,sinceit is neces-

sary to construct an imagefor each sign in order identify it.

Shapeis not utilizable in problemsinvolving regionalization.

Shape variation is only applicablefor elementary reading.

It serves:

(1) to reveal similar elements, and therefore different

elements

(2) to facilitate external identification (page 19), through

shape symbolism.

Shape and implantation

In point representation (figure 1), when the forms are amor-

phous, two similar marksare difficult to identify. If they are

geometric, we can easily redraw them and construct iden-

tifiable marks. Some are highly familiar, such as numbers

and letters. They can also be mimetic (persons, animals,

objects) and tend to evoke the same conceptfor the major-

ity of readers. The innumerable “flourishes” which can be

added to any sign also enter into this variation. Since selec-

tivity depends on other variables, the designer tempted by

shape variation should first draw a dash. By makingit vary

in value, texture, orientation, or color (if applicable), the

 oe acne] fey e ©
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designer can obtain a selective series whichis generally suf-

ficient for most problems(see figure 1, page 324, and page

325). Shape can be added subsequently, but must not disturb

the differentiation just obtained.

In linear representation (figure 2), a line can vary in shape

and translate different concepts by differences in angularity

(page 329).

In area representation (figure 3), especially for large areas,

which will accommodate large signs, a certain selectivity

can be obtained by carefully contrasting points andlines.

Optimum selectivity is produced by other variables—size,

value, and texture—which come more naturally to the

designer(figure 4). Certain patterns have achievedthe status

of symbols (figure 5).

Shape symbolism

‘Whatis at a given place?” If the visual responseis a triangle

or a Square, the reader must have recourse to the legend. On

the other hand, a mimetic shape will often avoid this neces-

sity and resolve the problem of external identification. How

is this effect obtained?

It should bestated at the outset that the meaning of a shape

is never obvious. The signs on page 157 do not enable us

to dispense with the legend. Indeed, even the most recog-

nizable shapes can suggest numerous meanings. A horse’s

head canjust as easily correspond to a racetrack, a stable, a

stud farm, a riding school, a bridal path, a horse butcher, a

glue factory, a harness factory, a chess game,etc. The cross,

“symbol” par excellence, allows students armed with bad

maps to imagine New York as garnished with cemeteries:

The fine black crosses of the cemeteries and the fine red

crosses designating monumentsare similarat first glance!

There is no universal shape signification. The meaning

of a symbol becomes familiar to us only by habit; through

the repetition of a similar situation. A shape can become a

symbol only within a restricted domain, rigorously defined

and previously familiar to the observer. However, we must

recognize that modern information tends to mix different

domains and hindersuch familiarity!

Thus, creating an efficient code of conventional signs

is less a problem of discovering effective shapes than a

problem of defining the field in which they are to be used

and in which their meaning will be constant and sufficiently

repeated to become established. Within a given code, the

efficiency of the signs will depend less on their evocative

capacity than on the visual distances which can be obtained

among the shapes in order to avoid ambiguity and confusion.
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TABLE OF PROPERTIES OF THE

RETINAL VARIABLES

The perceptual properties (level of organization, length of

the retinal variables), which have been defined and illus-

trated in the preceding pages, are summarizedin thistable.

It completes figure 2 on page 69.

Level of organization

In the column on the left (association), what 1s shown in

point representationis also true for the other “implantations.”

In the three columns onthe right (selection, order, quan-

tity) each box contains an example for each of the three

implantations.

The level of a given variable is indicated by which boxes

are filled in; a componentof level O can only be represented

by one of the planar dimensions,or by size, value, or texture.

The use of any retinal variable falling into an empty box

will lead to a representation which remains on the elemen-

tary readinglevel.

Length

The length of each component, unlimited in quantitative,

ordered, or associative perception, is reduced to a small

number of steps in selective perception. This number,

marked by a numeral for each implantation, 1s calculated

as a function of common graphic problems and needs.

However, rememberthat the useful length of each variable

is linked to the size and value of the marks. For very small

marks and light values, the numberof perceptible stepsis

reduced even further.

This table is indispensable for any problem involving

the use of a retinal variable. It defines the “pure” variables,

excludingall other variation, andit is the basis for all combi-

nations of variables. As we will see on page 186, the proper-

ties of a combinationare easily derived from this table. Note

that the two planar dimensionsare the only visual variables

which display all the pertinent perceptual properties.
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III. The rules of the graphic system

For a graphic to be “useful,” it must be “efficient.” The rules governing graphic

efficiency stem from the properties of visual perception.

A. The basic graphic problem

B. Image theory

C. Three functions of graphic representation

D. Generalrules of construction

E. Generalrulesof legibility



A. The basic graphic problem

Should a graphic be used? DEPARTMENTS

The appropriateness of using a graphic to represent a given
oe A

problem depends on several factors. The decision whether 2 AISNE

to transcribe the information graphically should be based SeeaTORs
1 1 1 1 5 Htes ALPESon an evaluation of the specific properties and efficiency 5 AORS Minne

6< »” ion- 1c] 7 ARDECHEof each language, each sign-system. Such a decision also peetatetan

depends on acquired habits, personal aptitudes, and even 8 ARIEGE

“fashion.” A negative decision is often due to time consider- 11 AUDE
. . . . 12 AVEYRON

ations, since many investigators feel (perhaps erroneously) 13 BOUCHES DU RH.
cae . . . 14 CALVADOS

that utilizing graphics can involve a considerable amount of 15 CANTAL
additional time. ty CHARENTE Mme

; i ‘ ‘ 18 CHERThe potential utility of graphics can only be assessed if we 19 CORREZE
: ian: 21 COTE D'ORare able to answerrigorously a second question: What type oy COrES DU NORD

of graphic should be used? 2S ORUSENE

To utilize graphic representation is to relate the visual 25 DOUBS
. . . . . E

variables to the components of the information. With its 27 EURE
. . . . . . 28 EURE & LOIR

eight independent variables, graphics offers an unlimited 29 FINISTERE
. . . . . 30 GARD

choice of constructions for any given information. Whenthe 31 HAUTE GARONNE

information contains a geographic component, the problem 34
of the graphic designer is to determine whethera diagram,a ae

network, or a map should be used; and, for each case, what $6

type of construction or which “retinal” variables should be 38

chosen. 40
The spectrum of choices is probably wider than most ‘2

graphic designers suspect. The following pages display a a4

collection of the principal kinds of representation possible 48

for a given set of information. Application of “image theory” ie

will then enable us to determine, from within this collection, a
the particular graphic which should be used. The “basic 51

problem”in graphics is thus to choose the most appropriate $3

graphic for representing a given set of information. $5

57

59
A hundreddifferent graphics 51
for the same information 6

64

Consider the information given in the table in figure 1. s

The work force, in France, in 1954. 68

# by department 70

Q quantities (in thousands) according to 2

# three main sectors of the workforce: 74
primary (agriculture) is
secondary(industry) .

tertiary (commerce, transportation, services) i

Further calculation augments this information with: 80

(1) the total working population (in thousands) per 82

department; 84

(2) the percentage of each sector of the work force for each 36

department. 38
This information offers the possibility of constructing Bo

either diagramsor maps(see figure 2).

100

GERS
GIRONDE
HERAULT
ILLE & V,

INDRE

INDRE & L,
ISERE
JURA
LANDES
LOIR & CHER
LOIRE
Hte LOIRE

LOIREINF,
LOIRET

LOT

LOT & GAR,
LOZERE
MAINE & L,
MANCHE
MARNE
Hte MARNE

MAYENNE

MEURTHE & M,
MEUSE

MORBIHAN

MOSELLE
NIEVRE
NORD
OISE
ORNE
P.D.C.
PUY DE DOME
Bases PYRENEES

Htes PYRENEES

PYRENEES ORIENT,
BAS-RHIN

Ht-RHIN
RHONE

Hte SAONE

SAONE &L,
SARTHE
SAVOIE
Hte SAVOIE
PARIS
SEINE

SEINE INF,
SEINE& M,

SEINE & O,
DEUX-SEVRES

SOMME
TARN

TARN &G,
VAR

VAUCLUSE
VENDEE

VIENNE
Hte VIENNE

VOSGES
YONNE
BELFORT

 

/
\

  

QUANTITIES (000) PROPORTION

I Il Ill Total I Il Ill

67 43 40 150 45 28 27
56 71 66 193 29 37 34
65 45 57 167 39 27 34
15 8 12 35 43 24 33
16 8 13 37 44 21 35
31 61 122 214 14 29 57
48 32 25 105 45 31 24
25 53 35 113 22 47 31
33 17 14 64 52 26 22
28 48 36 112 25 43 32
50 20 32 102 49 19 32
70 32 29 131 54 24 22
42 143 226 412 10 35 55
70 55 69 194 36 28 36
45 13 20 78 58 16 26
65 36 38 140 47 26 27
79 39 65 183 43 21 36
43 41 36 120 36 34 30
64 23 29 116 55 20 25
43 41 59 143 30 29 41

131 35 62 228 58 15 27
58 13 17 88 66 15 19

104 34 4] 179 58 19 23
35 67 39 142 25 47 28
46 38 35 119 39 31 30
48 52 45 145 33 36 31
44 27 38 110 41 25 34

164 76 89 329 50 23 27
40 51 52 144 28 36 36
64 67 84 216 30 31 39
63 10 16 89 71 11 18
115 107 170 392 30 27 43
62 40 71 173 36 23 41

137 60 82 279 49 21 30
54 30 32 116 46 26 28
61 41 55 157 39 26 35
68 136 78 282 24 48 28
39 34 27 100 39 34 27
70 25 28 123 57 20 23
51 27 30 108 47 25 28
56 160 82 298 19 54 27
52 23 22 97 54 24 22

101 108 105 314 32 34 34
51 51 54 156 32 33 35
41 10 16 67 61 15 24
70 24 30 124 57 19 24
22 5 7 34 64 15 21
104 65 65 234 44 28 28
116 42 56 214 54 20 26
44 57 67 168 26 34 40
25 28 28 81 31 35 34
74 23 28 125 59 19 22
23 127 91 241 9 53 38

24 31 27 82 30 38 32
132 47 59 238 55 20 25
36 173 94 303 12 57 31
34 27 33 94 36 29 35
81 483 296 860 9 56 35
40 69 55 164 24 42 34
65 30 35 130 50 23 27
94 242 137 473 20 51 29
80 79 63 222 36 36 28
80 49 62 191 42 25 33
37 27 28 92 40 29 31
35 20 33 88 40 23 37
76 122 114 312 24 39 37
40 121 74 235 17 51 32
44 215 194 453 10 47 43
34 32 23 89 38 36 26
94 77 62 233 41 33 26
87 45 58 190 46 24 30
44 38 35 117 38 32 30
52 42 45 139 37 30 33
2 575 940 1517 1) 38 62
8 574 550 1132 1 51 48

75 152 174 401 19 38 43
37 72 76 185 20 39 41
46 328 356 730 6 45 49
71 29 33 133 53 22 25
57 68 61 186 31 36 33
55 47 33 135 41 35 24
44 13 18 75 59 17 24
33 50 81 164 20 31 49
40 30 41 11d 36 27 37

110 38 40 188 59 20 21
60 29 39 128 47 23 30
64 47 45 156 41 30 29
36 95 43 174 21 54 25
41 28 37 106 39 26 35
3 25 13 41 8 60 32

5212 6705 6905 18825 28 35 37
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Diagrams

The most elementary construction (figure 1) represents the

quantities by following the layout of the data table. This

means adopting an alphabetic orderfor identification of the

departments on one dimensionofthe plane and arranging the

sectors and quantities on the other dimension. This form can

vary; the quantities can be cumulative by department(figure

2), or be replaced by percentages (figure 3). In no case does
the image yield useful information. It remains complex;its

memorization is pointless; and reading the quantities at the

elementary level is less efficient than reading them directly

from the original data table (figure 1, page 100).*

*Note, however, that when the primary purpose ofthe graphic is information pro-

cessing, rather than information display. an arrangement closely duplicating that

of the data table is usually the best solution. See Jacques Bertin. La Graphique

et le traitement graphique de Vinformation (Paris: Garnier Flammarion, 1977)

[Graphics and Graphic Information-Processing, trans. William J. Berg and Paul

Scott (New York and Berlin: Walter de Gruyter, 1981)], pp. 24-31. Hereafter G/P

(translator's note).
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On these two pages (104 and 105) the images have been

simplified. The geographic categories have been ordered

in a quantitative series which tends towarda straight line.

However, the information contains four different series—

one for sector and another for the total quantities (Q)—

and all are equally capable of being utilized to reorder the

alphabetic list of departments. In figure 1, for example, the

departmentsare ordered by total working population, and,

based on this order, the respective quantities for each sector

are represented cumulatively. In figures 3 and 4, the same1s

 

                                                                                         

| ! [ Prt) | 7mM HHT TTFETALTEEEEE YI TTAPPL| : Q Sect |
iy || T|

Geo
v0

OQt -t—

| [1 ! | |
| \

500

{id |
Pall

-

| TAiE ATTA Trit a EE UEP Gy1) Sp , ' 200
ji i | |

1 1
0

  
P_ 59 62 13 33 WH 57 38 54 6B 71 63 50 Ih 64 85 77 2m 34 3 85 87 1 30 25 74 79 61 53 40 26:19 8 84 WI 739 5B 3266 5515 46 90 4
75 78 69 76 29 67 #2 35 56 4922-31 6 2 72 8017 BB 51 GO 37 HS 27 21 16 OI 12 8647 18-93 3610 28 89.11 W36570 23 52829 5 48

 

                                        

                                                                                    

71 | | TTT; Pre TTP Ttr ry

EE ETL | Qs
: He | ! | 400TT

HTT ec
4 | Oat 200

: | | a
| \ I |

iil . 0

400

200

" 0

100

29 56 $0 85 49 62 72 63 17 76 79 Ih 47 4 31 45 5 02 35 R33 Wh Wy 7 59 64 67" 53 12 40 38 616"67 32Nrre2”‘eswreWy 44 17878ar 517B218ne5839°39 77285858 83F082sues”eP

104



true, but the order of the departments 1s defined by the series

of quantities in sectors II and III, respectively. In figure 2,

the order is determined by the series of quantities in sector

I, and the other quantities are not cumulative. Note, inciden-

tally, the use of a schema within each figure to define the

principles behind each construction. It is difficult to draw

a useful conclusion from this group of images, even though

figures |, 3, and 4 are based on the sameprinciple.
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The use of cumulative quantities in figures 1, 3, and 4 on

pages 104 and 105 does not aid interpretation. In fact, inter-

pretation is easier when all the images are based on sepa-

rate series, as in figures |, 2, 3, and 4 above. This type of

construction enables us to perceive a greater resemblance

betweenseries IJ and III than betweenthese andseriesI.
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In fact, the very purpose of the diagramsis to bring this

resemblance to light. It is even more obvious in the above

drawings (figures 5, 6, 7, and 8). Their construction is

similar to those on page 106, but here the quantities them-

selves are not depicted. Only the significant elements of the

resemblance,the tops of the columns, appear. The complex

“outline” displayed in the previous drawings is replaced by a

linear form, which will be less dispersed as it bears a degree

of resemblance with the series used for ordering the image.

But drawing these constructions is a rather long and labori-

ous process.
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By using percentages and adopting the construction from

figure | on page 104, much simpler images are obtained,

since the total is constant and equal to 100. The resem-

blance referred to on page 107 appearsin figure | here in

the form of a progression, whichis positive from left to right

for sectors IJ and III, whereasit is negative forI.

Like figure 1, figure 2 1s based on the order defined by

the percentage of agricultural population, but here the total

quantities per category are depicted by a variation in the

width of the columnsrepresenting the different departments.

Note that:

(1) the Qprogress from left to right as with sectors II andIII

and in contrast to sectorI;

108  

(2) the national averages (27%, 35%, 37%), represented by

the two horizontal lines, are meaningful and indeed corre-

spond to the visual averaging of series IJ and I, whichis not

the casein figure 1.

The Qcan be used to order the departments,as in figure

3, and we arrive at the same conclusions. However, reading

is more difficult.

Given that we can choose categories ~ (figure 1) or Q

(figures 2 and 3) and that we can use four different orders

and represent four different quantitative series, there are

twenty possible graphic constructions of the form shown on

page 109.

Discovering a degree of resemblance among the orders
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does not necessarily imply that the quantities, which are (number of categories) of the componentis limited. Beyond

useful in the ordering process, must be represented. They about thirty categories, construction becomes tedious and

are not portrayed in figure 4. readingdifficult, as is the case here.
The departments, identified by a number, are ordered

according to quantities in sector I (first column), II (second

column), III (third column), and again I. The lineslink the

same department from one column to another. The nearer

the order between two columns, the less numerous are the

intersections. The resemblancesand differences already dis-

cerned appear clearly here. Furthermore, a precise count of

the numberofintersections, although painstaking, enables

us to “measure” the degree of resemblance (see page 248).

This kind of construction is practical when the length
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Again, the search for similarity does not necessarily imply

that departmental identifications must be represented.

Identification of the different departments, whichis useful

for construction of the curves, is not used, for practical

reasons, in figures !|—-14 opposite. Only the ordered quanti-

ties enter into the interplay of comparisons.

The curves in figures 1, 2, and 3 are derived from the

graphics on page 106. They are repartitions. They can be

superimposed,as in figure 4, provided their totals are equal-

ized (reduced to 100, for example). (See also page 246.)

Another construction is possible. Thus a distribution
curve can be utilized when the information is not known for

each element, but only by classes (see page 206). The transi-

tion from a repartition to a distribution can be madegraphi-

cally by following, sequentially, the operations shown in

figure 5 (calculation of the number of departmentsperclass

of quantity), figure 6 (portrayal of this number), and figure

7 (this figure corresponds to figure 6, rotated 90 degrees).

All these distributions can be superimposed,asin figure 10,

provided they correspond to the same number of elements

(here ninety departmentsplusParis).

The concentration curve (see page 206) shows to what

degree each of the populations (sectors) being considered

approaches an equal dispersion acrossall the departments,
which would give a straight line instead of the curves in

figures 11, 12, and 13. Conversely, if each of the popula-

tions were concentrated in a single department, this would

produce a line corresponding to the coordinates of the

figure. The superimposition of the different curves (figure

14) showsthat:

(1) population I is more dispersed than II andIII or, if one

prefers, that the latter are more “concentrated”;

(2) from this perspective, IJ and IIJ again resemble each

other and are different from I.

In figures 4 and 10, this resemblance appears after careful

study, whereasin figure 14,it 1s striking.
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All the preceding constructions require long and tedious

procedures: ordering the departments; graphically record-

ing the quantities; calculating cumulative quantities, etc.

However, if we are willing to sacrifice both identification

of the departments and visualization of the quantities

in the final image, as in figures 1, 2, and 3, the graph-

ics can lead rapidly to the intended result: perception

of similarities, which, we should stress, is independent

from portrayal of the quantities and identification of the

departments.

Figures 1 to 3 are based on the following visual principle:

112

 
            
 

575

e
400

e|
i el.

e e/ °° a 100

e e

$ Ce

“te
° ° 20
e

eso

rr 10
@

| il 3

Lil
>

| 164

?
e 100

° a.

o e ~
e e

“Tie

° » e

e e e €e e e

od e
9 20

&

10

@

5

e

| 2

I
{

7 10 20 100 200 940

In figure 1, for example, a department with a large popula-

tion in sector III will be represented by a pointto the right of

the diagram, while a department having a large population

in sector II will appear near the top.

In the case of a perfect correspondence between the two

classings, the set of departments would be aligned on a

straight diagonal line. Conversely, a lack of correspondence

would be shown bya scattering of points over the entire

figure. The alignment in figure 2 and the dispersion visible

in figures 2 and 3 confirm the results obtained from the

examples given on the preceding pages. Here the graphic



 

 

  

       

 

operation is much more rapid. However, comparison of the

four orders would still require three additional figures relat-

ing total population to the populations of sectors I, IJ, and

III, respectively. The complete picture would thus involve

six constructionsin all.

The proliferation of diagrams can be avoided by utilizing

a third, ordered variable. For example, one can suggest an

“elevation” above figure 1, which portrays the orderresulting

either from the quantities of total population (figure 4), or

the quantities of population in sectorI (figure 5).

Finally, as shownin figure 6, the four orders can even be

represented in a single graphic. The useful conclusions are

obviously still the same.

Notethat:
(1) the constructions in figures 1, 2, and 3 require no order-

ing or calculating;

(2) the sameis true for figures 4 and 5, if we use the “natural

series of graduated circles” (see page 369);

(3) the double logarithmic scale is only useful here for sep-

arating points which would be too close on an arithmetic

scale; this corresponds, in the final analysis, to a reduction

in the size of the sheet of paper;

(4) any regular scale (provided it has the same progression

for the two coordinates) would lead to the same conclusions.
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The visual principle utilized on the preceding pages can

also be applied to percentages, as in figure | here. Since by

definition the three sectors have a constant sum (100), it then

follows that when werepresent twosectors, the third will

also be represented.

Obviously, a department having 50% of its working popu-

lation employedin sector II and the remaining 50% in sector

III will have a population in sector I of zero. Indeed,the line

of 0 population in sector I passes throughthe intersection of

50% for sector II and 50% for III. Likewise, line 0 passes

through the intersection of 40% and 60%, 30% and 70%,

etc. Conversely, a department with a population in sector I

equal to 100% will have populationsin II and III equalto 0,

which correspondsto point 100 for sector I. Thus the greater

the working population of a departmentin sector II, the

farther it will appear to the right of the diagram. The more

employmentin sector III, the nearer the departmentwill be

to the top; the more employmentin sector J, the closer the
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department will approach the lowerleft-hand corner. All

three ordersare visible.

However,as figures 2 and 3 illustrate, the visual variation

representing sector I is more limited than those representing

sectors II andIII.

By equalizing the three fields of variation, as in figure 4,

weconstruct an equilateral triangle, whichis the basis for all

triangular graphic constructions. Such graphics are appli-

cable to any information involving a component whichhas

three categories (sectors here) and quantities whose total 1s

meaningful.

Figure 5 shows a triangular graphic, constructed by

ordering the percentages of sectors I, II, and III. This

graphic is interpreted byfirst noting that the greater the

percentage of employmentin sector I, the more a depart-

ment approaches angle I; the greater the percentage ofII,

the more the department approaches angle I; likewise

for III. This means we mustgraphically identify the three
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angles of the graphic and notthe three sides, as habit would

dictate.

In the information being considered here, one notices

that whatever the percentage in sector I, the correspond-

ing percentages of II and III have a tendency to be similar;

the shape of the cluster of points reconfirms the preceding

discoveries, thoughless strikingly. This is because the rela-

tionship is less pronounced for percentages than for abso-

lute Q.

Finally, we can compare the three orders obtained to a

fourth, that of the total population (figure 6), according to

the procedure used on page 113. Here, however, the “retinal

variable”(size) is based on the absolute quantities, not their

Square, as wasthe case with figure 4, page 113, for example.

Legibility is reduced, but we perceive that the link between

percentage of II and III and Q of total population is much

weaker than the link between Q,, and Q,,, and Q. depicted

earlier.
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Note that the triangular graphic permits us to divide the

collection of departments into different categories, defined

by their place in the triangle, that is, by a quantitatively

measurable characteristic resulting from the entire set of the

three categories. For example, we can group in the same

category all departments below 33% for two sectors and

consequently between 33% and 100% in the third sector, as

in figure 10, A. This category can then be divided in two, as

in figure 11, A and B.

Finally, this hypothetical central value of 33% can be
replaced by the observed central value—in this case the

intersection of 28%, 35%, and 37% (see page 108)—which

is represented by a white circle in the middle of figure 6.

This point can serve as a center for defining the categories,

as outlined above (see also page 232).

These categories can then be recorded on a mapora car-

togram, as weshall see in the following pages.
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Maps

Since the information from the table on page 100 is geo-

graphic in nature,it can also be represented by maps.

The first operation is to record all numbersin their geo-

graphic areas (departments). We obtain the maps shownin

figures 1 and 2. Obviously, this does not result in a single

image, but in numerous figurations and a multitude of

shapes, which would haveto be read one byone in orderto

grasp the content of the information.

The first objective of graphic expression is to reduce

Density/km?
le Seine 5516
3 143

Density/km?
Seine 20

AA DENSITY

these multiple shapes to the smallest possible number of

meaningful shapes (images), in such a way that they can

be retained and compared, without losing the least bit of

information.

Cartographic representation, in fact, produces additional

“new” information: the density, that is, the relationship of the

numbers to geographicarea.

It will be necessary to represent this information, either by

Special maps,as in figure 3, or by other constructions which

makethe concept of density visible through the representa-

tion of the quantities.
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CHARTMAPS   It is obviously very simple to temporarily disregard the geo-

graphic componentand construct a diagram for each depart-

ment. Arranged later according to geographic order, the

diagrams form a “chartmap,” comprised, of course, of as

many imagesas there are departments.

With this principle, “anything goes,” and indeed the

designer’s imagination can go a long way,as is evidencedin ; "5 :, |
| «: ane rg ¢ &the chartmap on page 394.

These constructions (figure 1, here) are so inefficient that

they require the use of a retinal variable in order to differ-

entiate the nongeographic categories (i.e. the sectors) and

promote any comparison of individual diagrams. But even
coloris insufficient for resolving these problems. i 50 100 250 (000) persons

 

Although the chartmap answers elementary questions intro-

duced by the geographic component—*“Whatis there at a

given place?”—it is inefficient for any question of an inter-

mediate level (regional evaluations), for overall conclusions,

and, of course, for external comparisons.

    

GEO + 90
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CARTOGRAMS

By relating the divisions of the map (departments), not to

the actual geographic areas occupied by these departments,

but to the total quantities of population per department, we

adopt a very different system, THE CARTOGRAM,in

whichvisible space changes its meaning.

The image is spectacular, and the observer is immedi-

ately struck by the gigantic proportions of the Parisian

population. We evaluate these quantities of population by

size differences, as well as by the distortions of geographic

Space whichthey entail. But it is precisely these distortions
which prohibit the reader from identifying the departments

by means of geographic familiarity. Acquired habit has

becomeuseless! We must either “read”’ the name or number

of the department(figure 1), that is, return to the elementary

level of reading, or else form a new habit of identification.

Unfortunately, the principle of construction itself prohibits

the forming of such a habit for two reasons!

(1) Each designerwill construct a different cartogram from

the same information. Thus, figure 2 differs from figure |

120

because of the principle of transformation being used.

The characteristic “outline” of France has been purposely

deformedin figure 2 in order to emphasize the regions where

the population is relatively large (Brittany, Nord) or small

(the Aquitainian Basin). In figure 1, on the other hand, the

designer has attempted to preserve the exterior geographic

shape of France by allowing only internal changes.

(2) There are as many componentsable to serve as the basis

for a cartogram as there are imaginable concepts. And for

each componentthe place, and thus the shape andposition

of a given department, will be different.

One can compare several images based on the samecar-

togram. However, they will not facilitate geographic identi-

fication, which drawsa large part of its effectiveness from

the constancy of its componentshapes. A cartogram,like a

map, can accommodate several different retinal variables,

as in figure 3, which is similar to figure 3 on page 123, or

figure 4, whichis similar to figure 5 on page 123. Note that

the resemblances amongthesectors are hardly visible and,

in fact, are overwhelmedby the striking differences in total

working population per department.



 

S
S

S
S

a

 

47VL,hud

{ifA

_

 

N
‘

a
e

e
r

Joghgapond ognds

 

 
v
S
\

N

S
N

B
S

fo vot

i
‘

N
S

.
N
X

\
~
7

\
*
s

S
n‘

N
A

N

\\SN
a

\
\~
S
S
S
o

. O
g

HiT
i

~
‘yt

|
A
N
G

g

T
e
e

r
n

VALE
[|

 

 

 

[20000 per.

 

 
 
 
 
 

 
+
L

oP
L

x

-
OLEU1.

—

 



@..8oe Se
e eo ee

‘.*. ever. )
eee.eeenone

o@ee
ee e. e @ ®ve erereceees
e,.@

“eee 080000 eee
0700.0.9.°, ae e.°. e ee” e ave

ee e
a 0£050.040,068.°."Oe0eco. etote 8

“ee @ *e eee

 

e® eee ee @ @ @ @ e
"@.@'0 0.0 0 0 6 0 0 6 6 eee ees,’

e e3

o
@
e
e
e
e

e
e
e
r
e

@
e

olelesele°°Saas a oocele”

2 seoe WE

122

COMPREHENSIVE MAPS: FIGURES 3 AND 4

Here the plane is something other than a simple receptacle

for two-dimensional diagrams. Furthermore,it is once again

geographic.

These maps result from the superimposition of three

images, one per sector, and the use of a retinal variable to

try to differentiate them. This variable is indispensable in

figure 3; withoutit the overall image(figure 1) displays only

the totals, which are all equal (100%). In figure 4 the retinal

variable is indispensable for differentiating the sectors, but

the overall image (figure 2) denotes the absolute quantities,

all sectors combined.

These constructions are comprehensive and represent the

totality of each quantitative series. However,it is still dif-

ficult: (1) to obtain a rapid answer to the question, ‘““What

is the distribution for a given sector?”; (2) to compare this

distribution to that of the other sectors; and (3) to retain the

information visually in order to compare it with external

information.

SIMPLIFIED MAPS: FIGURES 5 AND 6

The map in figure 5 is more legible than the previous ones,

but this is achieved at the price of considerable simplifica-

tion. No quantitative perception is possible. Four ordered

steps, whose numerical meaning would be impossible to

define without the legend, replace all the numbers.

This map imposes on usa certain regional perception of

France, based onthe definition of the steps (which could have

been entirely different), and it prohibits us from making dif-

ferent evaluations and from criticizing the regionalization

with full knowledge ofthe facts. To this area representation,

one could,as in figure 6, add point signs (here denoting the

total quantities). They quantify the populations, previously

given only in percentages.
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PERCENTAGE

contours every 5%

CONSTRUCTIONS INVOLVING SEVERAL MAPS

Isarithms(contours)

It is relatively easy to retain several separate images. We can

therefore represent the information in three images, one per

sector (Sometimes with a fourth image for the total popula-

tion). Here again, numerous graphicsolutionsare possible.

Isarithms, applied to the percentages, lead to the maps

of sectors I, II, and III in figure 1 above. Wesee (III) that

the contours are not sufficient for portraying the quantities.

The immediately perceptible visual variation applies to the

spacing of the curves,thatis, to the gradient which separates

124

two regions. But, we remain unaware of the “sense” (up or

down) of this gradient and, as a result, uninformed about

the quantities themselves. The sense can be suggested by

shading (II), especially in combination with a discrete dot

pattern (1).

In no case, however, can the notion of quantitative value

be obtained from these images. Note that the contours can

be traced either by following the department boundaries

(III) or by utilizing a reference point placed at the visual

center of the department(I and II). (For further discussion

of isarithms, see page 385.)
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Vertical sections
Isarithms correspond to the sectioning of a volume by a

series of horizontal planes. This volume can also be sug-

gested by a series of vertical planes, drawn as sections. If

the spacing is planned accordingly, these sections can be

“shaded” in black, as in figure 2, and a quantitative percep-

tion results: the more black, the greater the quantity. These

images are much moreefficient than the preceding ones, but

the information has lost muchofits precision at the depart-

mentlevel.
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Value variation
The use of areas characterized by different value steps is a

commonsolution. Indeed, it seems quite easy to construct

such a map, while assuring excellent legibility. However,

difficult problems occur in reproduction and photographic
reduction (in map I, figure 1, for example, step 54 can be

confused with black), and especially in the construction of

the map. With what numerical classes should weassociate

the perceptible steps of value? There is no general method,

although manyhave beenproposed. Onecould use the mean,

the median, an equipartition of geographic space or of the

scale of quantities, various progressions, or combinations of

several methods.

The interpretations in figure 1 below, based on differ-

ent scales that are each appropriate to its own distribution,

constitute a standard case in which the designer adapts the

perceptible steps to any variation in quantity, whether it

ranges from one to two or from oneto one million, in order

to obtain a diversified and vigorous image. As a result, white

and black can represent any numbers whatsoever, and, since

white can never be used as a precise unit for measuring
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black, or vice versa, quantitative perception is not possible

with this formula. One must resort to numbers.

This solution reduces considerably the information trans-

mitted and opensthe doorto unjustifiable interpretations.

In this example, value is combined with texture and shape

to produce a goodselection of distinct steps.
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Graduated sizes in a regular pattern
A regular pattern of different-sized circles (figure 2), applied

to given areas, proves easy both to construct and to copy

(see also page 369). Above all, it is the most rigorous of

all graphic solutions for quantitative problems. Since it is

capable of espousingall the nuances of the information,it

avoids the problem of a prior choice of steps, a major dif-

ficulty in the previous example. Here the reader’s interpreta-
tion is not falsified by the designer’s decisions.
The method of construction is universal. The information

does not have to be simplified and thus “reduced.” Percep-

tion is of a quantitative nature, and recourse to the legend is

only necessary for rigorous discriminations (the steps given

in the legend are merely reference points, since the differ-

ent sizes of the circles encompassall the perceptible varia-

tions of the quantities). In short, the graphic is immediately

legible, whatever the level of reading adopted (page 372).

PERCENTAGE

Comparison with the preceding construction illustrates

the extent to which the reader can be dependent on the

designer when any quantitative information is divided into

a limited numberof classes, represented by steps of value.
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Of the same quantitative nature as the preceding construc-

tion, figure | has an amount of black in each department

which is visually proportional to the data.

It must be noted that this solution can only beapplied to

the representation of percentages, since the constant width

of the band correspondsto a constant total. The mapis also

quite difficult to construct.
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Chartmaps
In the previous constructionsutilizing three separate images

(pages 124—]28) the quantities have not yet been represented.

They are perceptible in figure 2 here, as are the percentages.

A rectangle corresponds to each department, although the

rectangles have been aligned. Their base is proportionalto

the total working population in the department, and their

height proportional to the percentage of each sector.

The area of the black rectangle is therefore an expression
of the absolute quantities.

This method implies some displacement in relation to

geographic location; the Parisian region, for example, must

Occupy an entire line by itself. Note again the similarity

betweenII andIII.
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Value variation
Different value steps, applied to absolute quantities, result

in completely erroneous images.It is sufficient to compare

these maps to a rigorous expression of the quantities (page

137) to determine this. The values are not quantitative, and

they are also applied to variable departmental areas—a

variation already incorporated into the data, since they have

the form QS (see page 38). With this construction,it is nec-

essary to draw two maps,onefor the quantities (figure 1),

130
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940 000 pers.

another for the densities (figure 2, opposite) in order to get

something out of the information. Note that value alone is

used in figure 1; there is no redundant combination with

anothervisual variable. This creates some difficulty in accu-

rately recognizing a given perceptible step. Note also that

the values in this series have been affected by the printing

process.

The mapofdensities in figure 2 partially corrects the pre-

ceding one(figure 1). But it amounts to an entirely different
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view of the information, necessitating great mental effort to

integrate it with the other maps.

A comparison with the following maps fully illustrates

the defects of maps based on value. They are only utilizable

with a simplified and highly interpreted message, which is

incompatible with a comprehensive inventory or an experi-

mental image.
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Perspective maps

Isarithms, applied to densities, lead to the constructions in

figure | below. When the quantities have a wide range, as

here (from 2 to 3, 104), only a perspective mapallowsusto
makethe actual differencesvisible.

The figure then suggests a volumeproportionalto the total

quantity (density per km* X number of km”).
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These graphics are always difficult to construct. Just as

on page 125, volume can be defined bya series of vertical

planes. But here (figure 2) black cannot be used overthe

entire visible section.

A lighting effect can render this construction quite spec-

tacular, but it remains very difficult to draw.
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Proportional sizes

In figure | the quantities are represented by different-sized

circles for each department. For the Paris area the circle

must be rendered “transparent.” This is an easy construc-

tion to draw, and is immediately perceptible, without a prior

choice of steps. But perception of the densities is practi-

cally excluded. It would be even more difficult if the French

departments were notrelatively similar in size.
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The total working population per departmentis portrayed

as the total of the three other maps, which, because of the

overwhelming size of the circles, makes comparison with

sectors I, I], and III rather difficult.

The quantities can also be represented by columnsofdiffer-

ent height (figure 2). The placement of the columns denoting

Paris and the departmentof the Seine, on the one hand, and

the department of Seine-et-Oise, on the other, necessitates



  

 

QUANTITY

 

10 25 50 
a slight displacement of the departments located north of

them. For the other departments, the columnis situated in

the center of the department. Here the total populationis rep-

resented at one-third of its actual size (in comparison with

the other maps), which gives the mapof total population the

100 150 200 250 000 pers. X 3 for

 
total pop.  

same visual density as the sector maps andrenderstheir dis-

tributions comparable. The resemblance betweenII,III, and

the total population, obscured on page 134, appearsclearly

here.
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Equal-sized points: dot maps

The point signs are of equal size and are proportionalin

numberto the quantities per department. There is a “dual”

perception: of the density (ratio of black to white); and of

the quantity (to the degree that points can be added visually).

The size and numberofthe points, as well as their numeri-

cal meaning (here ten thousand persons), are completely

interdependent.

 

Note that points are three times smaller for the total popu-

lation, which makes this map comparableto the others. The

representation of the Parisian population poses a problem,

resolved in figure | by the use of a “horn,” which suggests

an elevation abovethe plane.
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Graduatedsizes in a regular pattern This solution seems to be the best geographic represen-

Figure 2 below utilizes the same formula as on page 127, but tation of the information being considered. If we addto it

here it 1s applied to the absolute quantities. the representation of the percentages, from page 127, the

Note that the legend is double. Each point simultaneously observer has, 1n seven images,the total content of the infor-

expresses a density and a quantity. Thus, whether attention mation without prior interpretation. Furthermore, compar-

is fixed on one point or on a group of points, we perceive isons become extremely easy, for the whole of France, as

a total quantity and an overall density, or a partial quan- well as for all regional variations. The correlation between

tity and an elementary density. When the area defined by a sectors II, III, and the total population suggested by the
square of four points represents 1000 km? (or 100 or 10... .), earlier diagrams,is particularly striking here.
the same numbers express density and quantity.
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B. Image theory

EFFICIENCY
We have just examined a hundred graphics in terms of the
correspondence between components and graphic variables.

Some of the graphics are “good,” others “worse,” others

simply “bad.” But these opinions are purely subjective. We

need only submit a dozen mapsfor evaluation by a group

of readers in order to discover that each person will have a

different opinion, based most often on considerations of an

aesthetic nature.

It is important, therefore, to define a precise, measurable

criterion which we can use to class constructions, deter-

minethe best one for a given case, and explain whyreaders

prefer different constructions. We will call this criterion

“efficiency.”

EFFICIENCYis defined by the following proposition:If,

in order to obtain a correct and complete answerto a given

question, all other things being equal, one construction

requires a shorter observation time than another construc-

tion, we can say that it is more efficient for this question.

This is Zipf’s notion of “mental cost,” applied to visual per-

ception (George Kingsley Zipf, The Psycho-biology of Lan-

guage [Boston: Houghton-Mifflin, 1935]).

This notion comesinto play only when the drawingis uti-

lized to semantic ends,that is, when the readerasks a precise

question. In most cases the difference between anefficient

construction and an inefficient one is extremely clear and

can involve a considerable difference in the amountof per-

ception time. We will consider several examplesofthis.

Efficiency is linkedto the degree of facility characterizing

each stage in the reading of a graphic. The set of observa-

tions which define reading facility enables us to formulate

an “image theory.” In this chapter, we shall discuss five

aspects of “image theory,” then show therole of this concept

in defining the rules for constructing efficient graphics.
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(1) Stages in the reading process

To read a graphic 1s to proceed moreorless rapidly in the

following successive operations.

EXTERNAL IDENTIFICATION

As we have seen (page 19), before all else the reader must

identify, in the mind, the invariant and components involved

in the information. Figure 2 obviously has no meaning

without a prior understandingof the termsin figure 1. Exter-

nal identification relies on acquired habits, on the recogni-

tion of words,shapes,or colors. It permits us to isolate, from

the vast realm of human knowledge, the precise domain

treated by the figure. In a sense, “new” information is no

more than the discovery of new relationships among con-

cepts whichare already known.

INTERNAL IDENTIFICATION

Next, the reader must recognize by what visual variables

each of the componentsis represented in the graphic (page

24). In many diagrams,the arrangementof the words enables
us to link the two operations. The name of each component
is inscribed on the planar dimension representing it, as

in figure 1]. But whenever aretinal variable is involved, a

legend becomesnecessary to define its meaningprecisely.

The two stages of identification, whose efficiency (percep-

tion time) depends on the particular case (a complete and

definitive knowledge of the legend on page 156 would

require several hours), always precede perception of the

informationitself.

PERCEPTION OF PERTINENT (NEW)

CORRESPONDENCES

After identification (accomplished by the wordsand arrange-

ment of the components), the readeris ready to perceive the

series of pertinent correspondences (figure 2) which the

drawing isolates from the vast number of possible corre-

spondences. Obviously figures | and 2 are superimposedto

form figure 3. To become “informed,” to perceive pertinent

correspondences, we must formulate a question, whether

consciously or not:

“On a given date, whatis the price of stock X?”

The questions can be highly diverse. However, for each

data set they are of a finite number and can berigorously

defined.
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(2) Possible questions

TYPES OF QUESTION

When we look at figure 3, two types of question can be

formulated:

“On a given day (the eighth, for example), what is the quota-

tion for stock X?”
Answer: 420 francs(figure 4).

‘On what day(s) was a given quote (430 francs, for example)

reached?”

Answer: June 12 (figure 5).

There are as many types of question as componentsin the

information. Each componentproduces a type of question.

LEVEL OF THE QUESTION OR READING LEVEL

But anotherdistinction is necessary. Indeed, for a given type

of question one mustdistinguish the following cases.

(a) Questions introduced by a single element of the com-

ponent and resulting in a single correspondence

Example: “On a given date, what is the quotation for stock

X?” There is only one input date, and on that date there is

only one pertinent correspondence,a single point(figure 6).

This is the elementary level of reading.

Here questions tend to lead outside the representation, to

utilize the latter as a reservoir of information from which

one extracts a piece of elementary information in orderto

transcribe it into another language orinto another image.

(b) Questions introduced by a group of elements orcat-

egories and resulting in a group of correspondences

Example:“Overthefirst three days, what was the movement

of the stock?”

Answer: Thestock fell (figure 7).

Such questions are numerous, since the groups can be

formed by any combination of the categories (dates) of the

input component.

These questions constitute the intermediatelevel ofreading.

Here, questions tend to “reduce” the length (number of

categories) of the component in order to discover, from

within the information, groups of elements or homogeneous

categories whichare less numerousthanthe original catego-

ries and consequently easier to understand and memorize.

This 1s the internal form of “information processing.”

(c) A question introduced by the whole component

Example: “During the entire period, what was the trend of
the stock?”

Answer: Thestockrose (figure 8).

This is the overall level of reading or “global” reading.

Such a question tends to reduce all the information to

a single, ordered relationship among the components. It

enables the readerto retain the whole of the information and

compareit to other information. This is the external form of

information processing.

Wecan therefore say that:

— in approaching information there are as manytypes of

question as there are components

— within a type of question there are threelevels of

reading:

the elementarylevel

the intermediate level
the overall level

— any question canbedefined byits type andlevel.
Thus, from the momentthat the components of the infor-

mation are defined and their length known, and before any

attempt at representation, it is possible to establish a list of

all the questions which a reader can pertinently pose, which

amountsto saying that:

it is possible to use the components, the variables, and
their length to define all the objectives which the infor-

mation can attain.
This analysis enables us to establish, if need be, a reduced

list of questions which can produce an immediate answer;

that is, we can construct the graphic in light of a precise

objective. We can now understand one reason why opinion

can be divided over the merits of a given drawing; some

readers ask questions which can be answered immediately;

Others ask questions whose answercan only result from a

series of elementary observations. But what is an immediate

answer? Howisit linked to the concept of an image?
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(3) Definition of an image

Answering a given question involves: S OO

(a) an inputidentification (a given date)

(b) perception of a correspondence between the components Q ——j——__->
(a point)
(c) an output identification (the answer:“so many francs’). <x 5B ————>

This process implies that the eye can isolate the input

date from all the other dates and DURING AN INSTANT

OF PERCEPTION can see only those correspondences

that are determinedbythis input identification, but can

SEE ALL OF THESE.

During this instant the eye must be able to disregard all

other correspondences. Thisis visual selection. We canstate S

that in certain graphic constructions, the eye is capable of

encompassing all the correspondences determined by any Q

input identification within a single “glance,” a single instant

of perception. The correspondencescan be seen in a single

visual form.

The meaningful visual form, perceptible in the

minimuminstantof vision, will be called the IMAGE.
The curve of the trend of stock X (page 141, figure 8) is x 5B >

constructed in a single image, which meansthat any ques-
tion will receive an immediate response.
But in some other constructions the answer to certain

questions can only result from the mental accumulation

of several successive images. Consider the information:

volumeof salaries distributed according to branches of the Q

economyand size of enterprises.

INVARIANT  —volume ofsalaries paid by enterprises

COMPONENTS —* five branches of the economy

Q percentage ofsalaries per branch, S

according to

Ofive categories of enterprise size

This information can give rise to the various classic con-

structions opposite (figure 1).

Consider the question: “For what category of enterprise
size do wefind the largest volume of salaries paid in the <x 5B ————— >

commerce branch?” All the constructions enable us to

find the answer quite rapidly. Now consider the question:

‘In what branch do wefind the highest percentage of sala-

ries paid in enterprises of one to five workers?” which can

also be phrased: “The highest percentage of salaries paid

in enterprises of one to five workers, in what branchis it

found?” Q

This question, governed by the component“size of enter-

prises,” causes us to compare images, which mustfirst be

sought one by one, then memorized and classed in order to

discoverthe largest. The answerto any question ofthis type

is not immediate; it demands several successive instants of

perception,at least one per branch. 3

x 58 ——_>
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The inefficiency of figurations

Even when “blackened in,” or, as we will see later, when

differentiated by retinal variables, the constructions in

figures 1-4 are completely useless for certain fundamental

questions.

The overall level of reading translates into these terms: “In

what orderare the branches of the French economyclassed,

according to the percentage of salaries paid within a given

size of enterprise?”

The answer requires a total reconstruction of the informa-

tion. In orderto illustrate this, it is sufficient to conceive of a

question implying an external comparisonofthis information

with other factors that define the French economy.

For example:

“According to the branches and the size of enterprise, is

the volume of salaries proportional to the number of

enterprises?”

If we use the sametype of construction (in order to make

the figures comparable), this question leads us to represent,

not the volumesof salaries, but new information: the number

of enterprises (in percentages), as in figures 5-8.

It is obvious that the comparison of, say, figures 1 and 5 or

any otherpair of constructions does not enable us to answer

the question concerning proportionality. To do so would
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require us to select and orderfifty images successively (by

branches, then by categories), then class and compare them,

whichis visually impossible.

These constructions are inefficient for the majority of

questions which the information is capable of generating.

And “inefficiency” is due to the large number of images

which the viewer would haveto select and retain in order

to obtain a correct answer.It is also obviousthat the overall
image produced by one of these constructions is perfectly

useless. It has no meaning.

These constructions in multiple images will be termed
FIGURATIONS.

Anyreader whois content with elementary questions, with

questions involving one number, or with questions intro-

duced by the component “branch of the economy,” will find

these constructionssatisfactory.

But the reader who asks questions introduced by the com-

ponent “size of enterprise,’ or questions of an intermediate

or overall level, will find these constructions hopelessly

inadequate.
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Efficiency of the image

Figure 1, on the other hand, enables us to answerall these

questionseffortlessly.
“In what category of enterprise is the largest volumeof sala-
ries for the commerce branch?
—TIn the category from six to one hundred workers!”

“In what branch is the highest percentage of salaries distrib-

uted in enterprises of oneto five workers?

—In the commerce branch!”

“In what order are the branches classed in terms of size

of enterprise, and according to the percentage of salaries

distributed?”

—In the order: energy, transportation, industry, service,

commerce.” (This answer arises from the ordering of the

drawing by “diagonalization,” a procedure we will discuss

later.)

Any question which the information could generate can in

fact be answeredin an instant of perception.

It is obviousthat:

the most efficient constructions are those in which any

question, whatever its type and level, can be answered

in a single instant of perception, that is, IN A SINGLE

IMAGE.

Figure 1 is a single image. Little effort is required to

read the information. The mind is freed from the task of
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memorizing separate figures and is thus better able to grasp

a meaningful, overall image, which can then be usefully

compared to anotherimage.

Represented by the sametype of construction, the number
of enterprises also produces an image(figure 2). It is clear

that the volume ofsalaries is not proportional to the number

of enterprises. Two imagesbased on the sameprinciples are

easily comparable.

Efficiency of graphics

The negative response to the question concerning propor-

tionality can then be complemented by the more detailed

study of a particular branch or category. Note that the exact

numbers, indispensable to the construction of the diagram,

now lose someof their interest, in contrast to the order and

proportionality of the elements constructed from them.

The properties of the image, that is, its efficiency and

capacity for retention, appear here in a striking manner. For

example, how could the information contained in these two

images, with all their nuances, be accountedfor in any other

system of expression, such as verbal language, without the

aid of graphicillustration?

Only the graphic sign-system, provided it utilizes the

minimum numberofimages, enablesus to rapidly assimi-

late the complex relationships among four components.
It is graphics which offers the best solution to the problem

of computer utilization, whether it involves the program-

ming, processing, or displaying of information.
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 It is only in a semantic situation, when the reader looks 5
to the drawing for the answer to a precise question, that

the inefficiency of the constructions on pages 144 and 145 |

becomesevident. To find an answer we mustfirst isolate the

elements defined by the question; after that we can compare fy
them. This is obviously the intent of the retinal signs which

the designer has superimposed on the inefficient construc-

tions here (figures 3-5). They improve the constructions

in figures 1-8, pages 144-145, noticeably and enable us to
identify all the elements of a given class quite rapidly.

Sl

However, these signs add nothing to the construction in

7
=o

figure 6 here, that is, to the IMAGE.Onthe contrary, they
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illustrate the simplicity of any visual identification whenit

follows the two planar dimensions.

 

Having examined the characteristics of an image, we shall

now derive the rules of graphic construction from them. 6
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(4) Construction of an image

IMPOSITION (UTILIZATION OF
THE PLANAR DIMENSIONS)

Consider the question:

In which branchis the fourth category of enterprises (100 to

500 workers) the largest?

In seeking an answer, the eye follows a specific scanning

movement whichhas been sketched underthe constructions

in figures |—4. The fine line in each sketch correspondsto an

attemptat identification; the irregularities to any obstacles;

the dark line to the perception of pertinent correspondences.

The first four constructions (figures 1-4) compoundvisual

difficulties: backward movements; irregularly spaced cat-

egories; overlapping of different identifications on the same

line; broken scanning;etc.

In an image(figure 5), on the other hand:

— A RECTILINEARscanning,as suggested by the drawing,

groups the elements of a single category within a single

component;thatis, it groups HOMOGENEOUSelements.

— The twosystemsof identification are best differentiated by

an ORTHOGONALconstruction (indeed, the necessity of

this differentiation leads the eye naturally toward the con-

struction in whichit risks the least confusion; in this sense

the right angle seemsto play a psychologically privileged

role in visual discrimination).

The IMAGE is formed within a HOMOGENEOUS

FIELD,in which any RECTILINEAR SCANNING,sug-

gested by the construction, groupsidentical elements. The

standard differentiation between two planar systems of

identification is ORTHOGONAL DIFFERENTIATION.

This statement can be translated by a schema anda rule:
Any graphic problem necessitating two visual variables

bases its standard construction on the following schema:

This schema has few exceptions, which involve very limited

components (those having few categories). The schema was

formulated as early as 1361 by Nicholas Oresme,in his trea-

tise “de latitudinibus formarum,” although the author does

not represent it as his own invention. The notion appears

to have originated in the scientific circles at Oxford. (See

Pierre Dedron and Jean Itard, Mathématiques et mathé-

maticiens [Paris: Magnard, 1959].)
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THE USE OF RETINAL VARIABLES

IN FORMING AN IMAGE

The graphics on page 62 show that it 1s not sufficient to

utilize the plane accordingto the standard in orderto obtain

an efficient construction. Indeed, any cartographic represen-

tation is by definition constructed on a homogeneousplane.
However, the example on page 34 shows that a map can

often be merely a figuration, necessitating the perception of

numerous successive images before the information can be

assimilated in a satisfactory manner. This same information

can be apprehendedin a single image, as on page 35,pro-
vided that the retinal variable is VISUALLY ORDERED.

Like the planar dimensions, which are naturally

ordered, the variable must be VISUALLY ORDEREDin

order to construct an image.

Such is the case, for example, with the televised image.It

permits us to understand the construction of any image. The

sweeping of the screen by the electronic signal follows the

two planar dimensions, while the modulation in the inten-

sity of the signal creates an ordered variation from white to

black, perceptible as a “retinal” variation, independent from

the two other variables.

The image in figure 6 can be seen as a televised image

(figure 7), suggesting an “elevation” above the plane(figure

8). We cantranslate this observation by a schema(figure 9)

and a rule:

Any graphic problem necessitating three visual vari-

ables bases its standard construction on the following

schema:
0

tf
The letter O signifies that the retinal variable must be

ordered.

 
Like the preceding schema,this one has only a few excep-

tions: problems with very limited components or with

extremely simple planar arrangements which create no

more than a few imagesthat are easily distinguishable on

the plane.

The necessity of using an orderedretinal variable entails

two important consequences:

(1) Size, value, and texture are the only variables whichwill

lead to the construction of a single image. The other vari-

ables can form part of an image, but only in combination

with one of these three variables.

(2) A differential component(signifying only “different cat-

egories’”) cannot be constructedasa single image,if a higher

concept cannot be usedto orderits different categories (See,

for example, page 156).

In short:

— THE IMAGEis formed by three HOMOGENEOUSand

ORDEREDvariables, the two planar dimensions and

an orderedretinal variable.

— For information to be represented as a single image,

each of its components must be homogeneous and must
correspond to an ordered concept.
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IMAGE AND FIGURATION LEVELS OF READING IN AN IMAGE

Wewill use the term IMAGEto describe the meaningful

form immediately perceptible in the minimum instant of

vision.

We should not confuse IMAGE with FIGURATION,

whichis the apparent andillusory unit defined by the sheet

of paper, by a linear frame, or by a geographic boundary.

Figure 2 does not constitute a single image, nor even five

images, because thecircle is not meaningful here, and mem-
orization of the five circles “informs” us of nothing. This

figure is composed of twenty-five images, one per sector,

since only the sector informs us of something new.It 1s the

only meaningfulform in this FIGURATION.

The map in figure | (agrarian landscapes in the southeast

part of the Republic of Chad—interpretation of the photo-

graphed surface by J. Letarte of the Laboratoire de Cartog-

raphie of the E.P.H.E.: Paris, 1964) is not an image,it 1s

a FIGURATION. We cannot grasp the unified totality of

its content without successively perceiving a multitude of

images, basedeither on points or on small areas. The overall

form is comparable to that of other mapsbut only givesevi-

dence about the cultivated area, all categories combined,

whichis a small part of the information being represented.

To compare the “park” area, where large trees cover the

land, with other factors which might explain its occurrence

would require the perception of multiple partial images. Fur-

thermore, these would have to be marked or put on tracing

paper, since memory alone could notretain all these obser-

vations and construct the overall image necessary for the

comparison. Incidentally, the use of color would not resolve

the problem. It would reduce the time of analysis, but could

not approach “immediacy.” In a mixture of multicolored

confetti one cannot compare the overall image constituted

by the reds to that producedby the greens.
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Figure 4 is an IMAGE.Wecanread it on the overall level,

see the image as a whole, and compareit to another(figure

3). This comparison involves the totality of the information.

But we canalso settle on the intermediate level, isolate

partial images, as in figures 5-7, and compare them with

each other. Finally, we can isolate only a single element and

create an image for the smallest meaningful form (figure8).

This is elementary reading.

With an IMAGE(figure 4), we can choose to isolate

either twenty-five elementary images, or ten intermedi-

ate images, or reduce the information to a single overall

image. Information constructed as an image accommo-

datesall levels of reading.

In the map in figure 1, only elementary or intermediate

images (small homogeneous areas) can be isolated. The

overall image reflects a certain “sum” but not the unified

totality of the information.

Figure 1 is a figuration in which the information can

only be reducedto a large numberof elementaryor inter-

mediate images. However, another type of construction

could reduceit to six images (See page 165).

In figure 2, only elementary images can be created. The

forms on the intermediate level (individual circles) or on

the overall level (the five circles) are not meaningful, and a

reading at these levels is useless.

In figure 2, the information cannot be reduced to fewer

than twenty-five images. The information is constructed
in twenty-five elementary images. Figure2 is a figuration.
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LEARNING TO READ AN IMAGE

The map in figure 1 opposite, in spite of its apparent com-
plexity, is an image.It displays the web of the 30 O00 French

communes.It is readable onall levels.

On the elementarylevel

Although the map wasnotintended to be read onthislevel,

it enables us to identify a given communein which we have
a particular interest or to spot one which stands out from

the rest.

If the reader remains on this level, the map will appear

as a gratuitous and inaccurate game, because “accuracy” is

only relative, and never exists on the level of elementary

information.

On the intermediate level

The map was meantto beread at this level, and here the

reader will see the map as a documentfostering different

types of analyses. The most obvious characteristic, the size

of the communes, lendsitself to a “typology” (figure 2),*

and can lead to a partition of the country. Thisis interesting,

since the inverse of the commune“size” correspondshere to

the “number of communes”in a given area.

Another characteristic, independent of communesize, 1s

the homogeneity (figure 3) or heterogeneity (figure 4) of

the web. This characteristic raises numerous problems and

divides the country in a different way.

Regional bodies, such as the Vosges and Alsatian forests

(figure 5) or the Cantal volcano (figure 6), foster numer-

ous comparisons. The aim of this mapisto solicit internal

comparisons, and to this end a system of reference pointsis

included on the backside of the original edition. At any time,

this can be madevisible by back lighting.

On theoverall level

Here comparison is possible with other distributions, such

as the hydrographic network of France shownin figure 7.

When the map is compared to those of other countries, it

raises the problem of the minimum regionalpartition, its

origins, andits future.

Numerous studies show that the average person tends to

read on the elementary level and encounters difficulties in

adopting the intermediate level and, even more, the overall

level. Graphic designers contribute to this habit by continu-

ing to provide the public with figurations (haphazard curves,
encyclopedic cartography, visual “‘puzzles’’). These encour-
age the reader to remain on the elementary level. However,

as constructionsin a single image multiply, and as designers

realize to what extentfigurationsare inefficient or anecdotal,

the reader will learn to utilize better the perceptual means

with which we are endowed.

*The examplesare at 1/2,000,000 (1 mm = 2 km).
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(5) Limits of an image

(A) AN IMAGE WILL NOT ACCOMMODATE MORE

THAN THREE VARIABLES

Consider the information:

INVARIANT —anthropometric characteristics

COMPONENTS —Q quantities (or order) according to

# three characteristics (height, hair color,

cephalic index)

GEO geographic order

Four variables are necessary, since the geographic order

alone occupies the two planar dimensions. This informa-

tion can be constructed as three images(figures 1-3), or as a

figuration composed of multiple images (figure 5). Whatare

the properties of these two graphic solutions?

Construction of three images

With this solution there are three images, and the schemain
figure 4 can be used to signify this. This schema indicates

both that the representation has four variables (four arrows)

and that it involves three images: one image per category of

the component “+ characteristics” (n = 3).

This graphic provides a response to any question intro-
duced by the component “+ characteristics”: “Dark hair

colors, where are they?” The answeris immediately obtain-

able from figure 1. Each characteristic is, in its totality,

comparable to the others and to any other distribution:

mountainous zones, density, industry, social characteristics.

. . . However, this graphic does not provide an immediate

response to every question introduced by the geographic

component: “In a given area, what are the three character-

istics?” In order to answerthis, it is necessary to add infor-

mation from all three mapsfor this area.

Construction of a figuration composed of multiple images
This graphic solution,illustrated by figure 5, utilizes:

the two planar dimensions(for the geographic order);
a retinal variation in size (for height of individuals);

a retinal variation in value (for hair color);

a combination of shape andorientation (for cephalic index).

The schemain figure 6 can be usedto define such graphics.

It showsthat the representation involves five variables (one

per characteristic and two for the geographic order), each of

which could be identified by abbreviations.

This graphic provides an answerto any question introduced

by the geographic component: “In a given area, what are

the three characteristics?” However, there is a considerable
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reduction of the information, since the geographic space is

no longer represented as continuous,as it wasin figures 1-3.

This graphic (figure 5) does not respondto questions intro-

duced by the component “characteristics”: ““Where are the

highest cephalic indices?” For this question the construction

of three imagesis infinitely more efficient and provides an

immediately retainable answer.

Therefore wecanstate that:

whenthe information necessitates more than three vari-

ables, we cannotconstruct a figure which will provide an
immediate response to all types of question. The image
will not accommodate the representation of a meaning-

ful fourth variable.
Consequently:

in order to respond efficiently to all the types of question
which can be generated by information:

— having more than three components(in diagrams), or
— having more than two components (in networks and

maps),

we must construct two types of graphic, whose general

schemasare given in figures 4 and6.
Any designer who utilizes only a single construction

chooses, consciously or not, to answer certain types of ques-
tions (preferred questions) efficiently, but to be inefficient

for other types. The designer chooses, in effect, to fulfill

only one of the three functions of graphic representation

(see page 160).
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(B) AN IMAGE WILL ONLY ACCOMMODATE A

REORDERABLE COMPONENT

Consider representing different industries cartographically

(after a map of French industries published by the Comité

National du Patronat Frangais. Paris, 1962).

INVARIANT -—a place where an industry is operating

COMPONENTS —GEO the geographic order

# fifty-nine categories of industry

The information has two components. Its graphic repre-

sentation thus necessitates three variables: the two planar

dimensionsfor the geographic order, and shape variation to

identify the fifty-nine categories (figure 2).

But no concept can orderthesefifty-nine categories (except

for a quantity involving persons or production; but in this

case the information would be transformedbythe addition of

anew component, thus modifying the graphic problem). The

schemafor this construction is given in figure 3.

The length of the differential component (fifty-nine cat-

egories) naturally leads to the variable which offers the

highest numberof distinct signs: shape variation (figure 1).

The construction1s thus logical; butis it efficient?

Any elementary question introduced by the geographic

order can receive a quite rapid response. “At a given place,

what is there?” The selection of a place on the planeis

always easy since the plane itself is highly selective.* The

eye isolates the place in question and easily disregards all

other places during an instant of perception. If one recog-

nizes a shirt, and provided that the legend has been mem-

orized (which nonetheless represents a great preparatory

effort), one has the answer:a knitted goodsfactory.

Efficiency is not great; however, a reader asking any ques-

tion of this type will find an answerin this construction.

But any question of an intermediate level: “In a given

region, whatis there?” and especially any question intro-
duced by the component “different industries” will only

be answered after lengthy study. For instance, to answerthe

question—“The knitted goodsfactories, where are they?”—

one mustisolate the “shirts,” see only them,andall of them,

that is, be able to visually disregard all the other signs.

This map (figure 2) does not permit such an operation. To

select all the signs for each industry would take several

hours. A reader asking any question of this type will not

find an answer. Therepresentationis inefficient for this type

of question.

A nonorderedretinal variable cannot be perceived in a

single image.

*The original documentidentifies all the places involved.
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To obtain an answer, it would be necessary to blacken in

the shirts and leave all the other shapesin a lighter value.

One could then isolate the black signs from the light signs

(value variation) and perceive the pertinent information cor-

responding to the question.

In figure lopposite, the black signs form an image which

is easily retainable. Thus, we encounter again, but for a rep-

resentation involving three variables, the problem illustrated
on page 154. And the conclusion is the same:

In order to efficiently answer all types of questions in a

representation involving three variables, where one com-
ponent is not reorderable, two graphic constructions are
necessary. tn

GEO

xn =>
3 4

GEO

(1) One map,based on the schemain figure 2, for each indus-

try. This schema indicates that each industry constitutes

partial information, having one component, which can be

expressedas follows:

INVARIANT —daplace where a given industry is operating

COMPONENTS —GEO: the geographic order

The geographic component occupies the two planar

dimensions.

The correspondences on the plane are points (P), which

are not differentiated from each other (there is no com-

ponent, such as industry size, which differentiates them).

Undifferentiated correspondences are schematized by a

curved arrow pointing downwards.

The whole of the information, 1.e., fifty-nine imagesof this

type, 1s expressed by the schema in figure 3 (n = 59). In

practice, one can always group several industries on these

partial maps—either those having very different distribu-

tions or even those having similar distributions—and thus

reduce the numberof these figures to aboutfifteen.

(2) A maprepresentingall the industries, such as the one on

page 157, whose schemais given in figure 4. (A redundant

combination with color, grouping the industries by types,

would improvetheefficiency of this construction somewhat.)

Another example is found in the mapof crop distribution,

in the Atlas de France du Comité National de Géographie

([Paris: Editions Géographiques de France, 1951-59], plates

41, 42, and 43). Since the component (crops) is not in itself

reorderable, the various crops are not ordered in the graphic

representation (diversification is achieved by color and

shape). It is impossible to obtain a complete and immediate

answerto the question: “A given crop, where1s it?” It would

take eight small maps in black and white—that is, photo-

graphic reductions of each crop distribution—to provide an

instantaneous answer.

Againit is obviousthat any designer who usesonly a single

construction1s limited to answering only onepreferred type

of question.

In order to choose this type with full knowledge of the
consequences, it 1s necessary to analyze the functions of

graphic representation (see p. 160).

Theidea of simplification
Certain figurations can lead one to believe that order and
homogeneity are not requisite attributes of an image. The

reading of figure 5 is easy. However, note that the compo-

nent “different categories of voters” is very limited (three

categories), the superimposed forms are simple, and their

graphic selection is very deliberate. In this case, the visual

discrimination of the three superimposed images does not

increase the mental cost of perception appreciably.

We could thus superimpose several images in a figura-
tion, and it would still remain efficient, provided that

the images were not very numerous, that they were very
simple, and were differentiated in the most efficient

graphic manner.

Passing from information which producesa simple image to

the simplification of complex informationis a short step, but

it involves reflection and a sound knowledgeofthe functions

of graphic representation.
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C. Three functions of graphic representation

When information having three components is represented

according to the standard schema depicted in figure 1,

it forms an image and offers an immediate answerto all

potential questions, whatever their type andlevel. It is not

necessary to choose “preferred” questions, and informa-

tion portrayed in this way meetsall three of the functions of

graphic representation.

However, the image is limited to three visual variables,

and modernresearch involves a continuing effort of compar-

ison which,in fact, tends to increase the number of compo-

nents introduced into a study. Communicating information

with more than three componentsis the major challenge we

face. The choice of “preferred” questions is thus a perma-

nent problem, which can only be defined if we go beyond

special cases and analyze, within the frameworkof graphic

representation, how we can take advantage of humanper-

ceptual meansto extend our knowledge—inshort, how we
utilize our memory.
To understand graphic information is to visually memo-

rize one or several images; it is obviousthat for given infor-

mation, memorization will be more difficult as the number

of imagesincreases. In the final analysis, it is the condi-

tions of memorization, linked to the amount and conceptual

level of the information, which permitus to distinguish and

define three functions in graphic representation, and prob-

ably in any system of communication.

(1) Recording information
(inventory drawings)

A graphic can function as convenient and comprehensive

inventory of information. The plane andits visual signs are

utilized to record all the correspondencesin a given infor-

mational set, in orderto:

— create a storage mechanism

— which avoidsthe effort of memorization.
The subway diagram which can beput into one’s pocket,

the highway map,the data table enable us to avoid the task

of memorizing all the lines, all the correspondences,all the

numbers. They are available in one document which assem-

bles them and renders them conveniently accessible.

What mattersis that all the information “announced,”

that is, conceivable within the domain definedbythetitle,

is recorded there. This is COMPREHENSIVITY.

160

What matters less is the time necessary for extract-

ing the sought correspondences, that is, the number of
images required for a correct answer. Taken as a whole,

the document can bb NONMEMORIZABLE.
With this function the graphic is an INVENTORY,

which favors reading at the elementary level. This func-

tion thus authorizes the construction of complex FIGU-
RATIONS, with multiple images, limited only by the

rules of legibility.

The researcher, investigator, or explorer who gathersinfor-

mation and recordsit in the form of numbers,letters, shapes,

or colored symbols, in a table or on a map, is employing

the best system of graphic recording. It is the easiest, as

well as the least ambiguous, since it eliminates confusion

in rereading. It constitutes an inventory, often vast, which is

the essential starting point for any further utilization of the
information.

Such is the case with the map of agrarian landscapes

(figure 2) at 1/1 000 O00 (here reduced more than three

times), whose legend is given on page 150. Atits original

scale it displays agrarian landscapes point by point. It does

not provide immediate answersfor questionsof the type: “A
given category, whereis it?” It thus prohibits us from enter-

ing such answersinto the interplay of external comparisons.

But it does contain these elements; we only needto bring

them out. Such is the case with the diagram on page 259,

which contains the elements of numerous studies. This is

also true for the map in figure 3 and the diagram in figure

4. They both display the same information with two compo-

nents—working population employedin the tertiary sector,

accordingto:

GEO-departments

Q =-working personsin sector III (% of workforce)

Information represented in this way involves only the

inventory stage of graphics. All these documents must be
reread point by point. Their overall visual memorization

is practically useless (except for figure 2, where the over-

lapping of landscapes is meaningful). They are formed of

multiple images, which in fact makes these documents com-

prehensive. They contain the totality of known information,

within the framework announcedbythetitle.

This is the first state in communication. Imagine the

amount of lost knowledge if the expert were to stop at the

inventory stage!
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(2) Communicating information
(simplified drawings or “messages”)

A graphic can furnish the means of retaining information

with the help of visual memory. The plane andits visual

signs can be utilized for communicating information, in

orderto:

— create a memorizable image
— which inscribes THE OVERALL INFORMATION

within the field of assimilated knowledge.

School maps, blackboard sketches,andall representations

of a pedagogic nature tend to inscribe information in the

viewer’s memory, to make it becomeassimilated knowledge,

capable of being recalled at the time of an exam,a conversa-

tion, a research project, or a decision.

What matters is that the information is
MEMORIZABLE.
What matters less is the number of correspondences

retained, provided that these are essential ones. The
image can be NONCOMPREHENSIVE.

With this function, the graphic is a “MESSAGE.”
Its efficiency increases as the number of images

:
| a: \ &
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(superimposed or separate) and their complexity dimin-
ish and as reading approaches the OVERALL LEVEL.
Such is the case with the map in figure 2, which, by

meansof a considerable simplification, permits us to retain

in several instants the essential features of the information

contained in figure 2 on page 161.

This is also the case with the simplified map in figure 3,

whichoffers in one easily memorizable image the essential

points of the information in figure 3 from page 161.

The graphic in figure 4 showsthe extent of this simplifica-

tion and illustrates the reduction in the numberof correspon-

dences depicted by figure 3 in relation to the comprehensive

information.

In all three cases, the “essential” features result from a

choice. But is this choice a good one? The mapsin figure

1, which represent the same information displayed in figure

3, show that numerous choices are possible, that what is

“essential” remains to be defined. How can the comprehen-

sive information be reduced, the smallest number of simpli-

fied imagesbe determined,so that the information becomes

communicable and memorizable, without being falsified

or destroyed? How can this choice be justified? Is a choice

always necessary?
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(3) Processing information
(graphics used for processing)

Graphic representation can be used to reduce the compre-

hensive, nonmemorizable inventory to a simplified, memo-

rizable message. For the messageto be useful, simplification

must not involve eliminating part of the information, but

only “processing”it, that1s:

— utilizing the mechanismsof ordering andclassing, for

the purposes of discovering

— the groupings contained in the information being pro-

cessed, and

— deriving from it new componentsorcategories, reduced

in number and consequently easier to memorize than

the comprehensive information.

The combination of these new elements must enable us to

recall and understand the whole of the initial information.

Collections of comparable diagrams, networks, or mapsare

found in working atlases and graphic files, and foster all

types of comparisonsand classings. Such collections allow

researchersto discoverthe correlations contained in afinite

set and to derive from them “lines of force,’ subsets, and

new components. These elements broaden the scope ofthe

message, increase the rapidity of comprehension, and thus

lead to better “communication.”

Whatmattersis to avoid any prior reductionofthe infor-

mation, to use the complete information, which alone pro-

vides all the givens for pertinent correlations and choices.

The representation must be COMPREHENSIVE.
But it also matters that all types of comparisons and

classings are possible and easy. The most useful ques-

tions will obviously involve the overall level of reading,
where their answer will be found in a limited numberof

comparable images. The representation must be reduced

to the smallest number of MEMORIZABLE IMAGES.

With this function, the graphic is an experimental
instrument leading to the construction of collections of

comparable images with which the researcher “plays.”

We class and order these images in different ways,

164

grouping similar ones, constructing ordered images to

discover the synthetic schema which is at once the sim-

plest and most meaningful.

The images used for processing and analysis must be free

to enter into any interplay of comparisons or superimposi-

tions. They must not be, as with inventories, tied to each

underthe pretext of a dependency which,in fact, can always

be put into question and which reduces freedom ofanalysis

and manipulation.

The information in figure 2 on page 161, for example, is

merely the superimposition (obviously confusing) of the

images in figure 1 opposite. We discover here that the char-

acteristics displayed earlier present different distributions,

that they are not related geographically, and that it would

be desirable to compare each oneto other phenomena. This

would enable us to discover characteristics of distribution

which are similar and therefore geographically related. The

coincidence of similar distributions (U and L + R) empha-

sizes important groupings, which justify the simplified con-

tours of the messagein figure 2 on page 163.

But graphic simplification is not always necessary. Infor-

mation having one,two, or three components, represented as

a comprehensive image, permits the eyeitself to simplify to

the necessary level, without being dependentonthe graphic

designer’s choice. Represented as an image with three vari-

ables (figure 2) as an ordered diagram (figure 3) the informa-

tion offers the reader the meansof regionalizing the image,

of categorizing the diagram, while remaining informed of

the level ofthe steps retained and of those eliminated. The

reader can judgethis betterstill with the images on page 373

and following.

The reader can even retain only the simplest image, gener-

ally perceived as composedof three steps: black, gray, and
white or, in diagrams,top, middle, and bottom. Such images

correspondto the three functions of graphic representation.

Comprehensive, they are inventories; memorizable, they are

messages;—and these two properties together make them

instruments for the graphic processing of information.
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GRAPHIC PROCESSING OF INFORMATION

The functions of graphic representation form a sequence,

defined by the role of memory and tending toward simplifi-

cation (see the table on this page).

Simplification is an obligation of the
communication process
Whether communication involves a verbal statement or a

graphic representation, it starts from complex information

and aims at making it understood, that is, at discovering

combinational elements which are less numerous than the

initial elements yet capable of describing all the information

in a simpler form. Whenit is logical, the simplification is

creative. By revealing concepts of a higher order, it enables

us to know more than ourpredecessors, and morestill with

each generation.

Logical simplification, that is, information-processing
This can operate either verbally, mathematically, or graphi-

cally. Current studies are defining the conditions which

will determine a choice of the mostefficient of these three

operative systems (the most economicone,all other things

being equal) in terms of the information andthe level of the
intended result. What are the modalities proper to graphic

information-processing?

Graphic information-processing operates by
simplification of the image
The graphic transcription of information can arrive at
a complex image (column A opposite) or a simple image

(column B). Visual complexity varies between two extremes:

In figure 1 everything is scattered everywhere; in figure

2 division of the plane is minimal (binary). These two

extremes exclude graphic representation; verbal language

would suffice to express them. A graphic is therefore justi-

fied only for transcribing intermediate complexities, thatis,

problemsrelating to statistical studies (figures 3-12).

Complex images, the map of communeson page 152, for

example, generally offer numerouslevels of reading, among

which the reader may hesitate. On the other hand, simple

images offer few levels and reducethis hesitation. They are

more easily memorized and canbe used in superimpositions

of images(see, for example, figure 5, page 159 and figure 2,

page 163).
Georges Th. Guilbaud characterizes a simple visual form

by two qualities: connectivity—not having gaps, that is,

being homogeneous, or in a network avoiding meaningless

intersections; and convexity—being delimited according to

convex angles and thus forming a uniform area inside of

which anystraight line will cross the figure only once. Any

visual simplification must tend toward these characteristics.

Weachieve this in two ways: (a) by ordering a qualita-

tive component; and(b) by eliminating certain correspon-
dences in ordered components.
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MEMORIZATION

The graphic is a
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REPLACES
human memory
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(A) ORDERING A QUALITATIVE COMPONENT:
TRANSFORMATION, DIAGONALIZATION

The perceptual characteristic of a qualitative componentis

instability. Each person can arrange products, objects, or

individuals in a different way. To understand a qualitative

series amounts to identifying all the elements of the compo-

nents one by one,andthe instability of the conceptleads to

renewing this effort for each new message.

On the other hand, what characterizes an ordered compo-
nent is stability. Whenever an ordered concept—time,size,

geography—isintroduced into the message,all the elements

assume a fixed place. This order will grow progressively

stronger, since, all other things being equal, it will be the

same at any momentandforanyindividual. A single effort

will suffice to assimilate it definitively.

The discovery of an ordered concept thus appears

as the ultimate point in logical simplification, since it
permits reducing to a single instant the assimilation of

series which previously required many instants of study.
The ordering of a qualitative component is the basis of

information-processing involving computers. It is also the

basis of graphic processing.

Simplification of the image by ordering does not elimi-
nate any correspondence and preserves the integrated

totality of the information. It involves the DIAGONAL-

IZATIONof diagrams, and the TRANSFORMATIONof

networks.

The totality of the information in figures 7 and 9 is pre-

served in the diagonalizations displayed in figures 8 and 10.

The sameis true for the network in figure 1] andits transfor-

mation in figure 12. The diagonalization of diagrams forms

a part of the fundamental rules of construction. Its princi-

ples are outlined on pages 168 and 169 and will be devel-

oped throughout the diagram section of this book (pages

193-268). The transformation of networksis sketched outat

the beginning of the section on networks(pages 269-283).
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The diagonalization of diagrams
The term “diagonalization” is based on the observation that
any operation of classing from orthogonal coordinates tends

toward the diagonal of the field or toward simple forms

derived from it (figure 1). Any classing which arrivesat a

form parallel to one of the coordinates simply furnishes

proof of the nonvariation of one of the components and thus

the triviality of the problem posed (figure 2).

‘“Diagonalization” encompasses the operations known as

permutations, triangulations, scalograms, hierarchic anal-

yses, and Guttman scales, which all result from the same

process of visual simplification, namely:

— the perfect ordered correspondence between the two

planar dimensions will take the form displayed in figure

3 (see page 249);

— lack of order or noncorrespondence will produce a very

different image, as shownin figure 4.

It is therefore desirable to aim for the form in figure 3

wheneverthereis a reorderable component(¥*).

Any deviation from the form in figure 3 reveals that
the correspondence between the two ordersis situated
at a certain “distance” between perfect correspondence

(figure 3) and null correspondence (figure 4). This dis-

tance can be numerically defined (page 249).
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Diagonalization of two components
In order to express these rules, the standard schema is com-
pleted by signs signifying that the # components must be

ordered on each of the planar dimensions.

Whenthe information involves only one component,it

is ordered according to the componentO (or Q).
The schemais therefore:

0

oH:

Whenthe information involves two ~ components, they

are ordered reciprocally.
The schemais:

0

0

F 0
+

Diagonalization most often necessitates several successive

attempts, whose number depends on the length of the com-

ponents. In order to avoid numerous drawings, R. Pagés and

A. Lévy-Schoen have developed a magnetic table (figure

9), the ‘““Permutator’” (patent C.N.R.S.), which admits com-

ponents up to a length of eighty categories and eliminates

successive drawings by making any permutation of rows

or columns possible. Diagonalization is an operation fre-

quently required of computers.



 

 
Diagonalization of three components

The perfect ordered correspondence between two compo-

nents, as we haveseen, takes the form of figure 5. A third 10

component,if perfectly ordered in relation to figure 5, would

take the form of figure 6 and be perceived asin figure 7. A

lack of order among the three components would produce a
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very different image(figure 8). \ | wy l | | is=={\i -1]

It is desirable, in a problem having three components, | ok | | é Ilye| ;
to aim for the form of figure 6 wheneverthere are qualita- | r ell i {
tive components. i \ IhHf 4 1]
The standard schemafor a construction having three Yt a ‘I | |

components musttherefore be: i | ; © / oer i , i
0 42 | : | : | il

° = is
} nf Ih | 18 |

17 ‘Ny 44

19. a\| #8 |
a + 0 “20 i 2

11 12

Numerous examplesare given in the chapter on diagrams.

The Permutator can be used in problems involving three

components when two are ~ components. Werepresentthe

componentO or Q byordered signs(size or value variation)

glued onto small blocks, and the two # componentsare rep-

resented by the two planar dimensions.

A simpler permutation instrument has been developed

by the Laboratoire de Cartographie at Ecole Pratique des

Hautes Etudes (E.P.H.E.). This device, called “Domino,”

involves eleven visualsteps.

It allows us to represent (figure 11) and diagonalize

(figures 10 and 12) any information involving a third com-

ponent Q, even whena positive-negative series is involved

(see examples, pages 231 and 397).
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(B) ELIMINATING CORRESPONDENCES:
SMOOTHING, REGIONALIZATION

An ordered component is by definition not reorderable.

Whenits graphic transcription leads to a complex image,the

latter can be simplified only by the elimination of a certain

numberofdetails.

The simplification of an ordered image can be accom-
plished only by the elimination of certain correspon-

dences, by a diminution of the information. Thisis called
“smoothing of curves” in diagrams,“regionalization” and

“generalization” in maps.
The totality of the information in figures 1 and 3 is not

preserved in the moving (running) average(figure 2) or the

generalization (figure 4). Only whatis essential is retained.

But whatis essential? How can the simplified form which

we will offer to the reader be determined? Smoothing can
proceed by two different methods, depending on whether

or not external information is introduced into the problem.

The internal method
This method encompasses all the processes which rely

uniquely on the correspondences contained in the informa-

tion being processed. This includes, for example, the cal-

culation of moving (running) averages (page 216) and the

numerous internal mathematical operations which can be

undertaken when the information has two ordered or quan-

titative components (e.g., when the information is a time

series). These operations are detailed by M. Barbut and C.

Fourgeaud in Eléments d’analyse mathématique des chro-

niques (Paris: E.P.H.E., 1965).

The internal method also includes certain visual opera-

tions shown on pages 239, 260, and elsewhere,the structural

generalization of geographic forms (described on pages 300

and 307), and the reduction of geographic information. The

drafting of the “message” in figure 2, page 163 is based
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Coast of Finland

simplified   
solely on the information contained in figure 2, page 161.

No call has been made on external information: population

density, geology, pedology, relief, etc. The same is true for

pages 397, 401, and 405.

The external method
This method encompassesall the processes whichcall upon

external information in order to justify a given choice in

relation to another. But in fact this means introducing the

information being processed into a higher set, involving

an additional differential component (different concepts)

so that we can class and order these concepts once again,

determine “tendencies” and “lines of force,’ and define

their simplified form. We can thus simplify a given curve by

introducing a collection of comparable curves, from which

we can derive the general tendencies, which we then apply

to the initial curve. Likewise, we can simplify a map by uti-
lizing the lines of force in a series of comparable maps. This

is the principle of conceptual generalization.

The scope of external concepts is unlimited. It is also

subject to current concerns. Therefore, the external method

always involves a choice, which dependsonthe delimitation

of a finite domain of research.

It is a hypothesis, or if one prefers, a mental orientation

which can alwaysbe put into question. In the final analysis,

the expert’s skill depends less on the internal processing of

a given informational set, which becomes automatic, than

on the timeliness of the external concepts introduced into

the problem,that is, on the extent of the expert’s knowledge

and “inspiration” in the delimitation of the research domain.

This delimitation 1s the main attribute which we will never

be able to ask of a computer. A general discussion of graphic

information-processing is given on page 254.*

*See also G/P, pp. 20-21 (translator’s note).



D. Generalrules of construction

A rigorous definition of the components of the information,

specifying their number, level, and length, must precede

any graphic construction.
“Knowledge” involves a continuing effort of compari-

son, which means that one objective of any new informa-

tion is to enter into the most extensive possible interplay of

comparisons.

To achieve this the graphic must favor external compari-

sons andthusfoster an efficient reading at the highestlevel,

the overall level. Remember whenthis level is attained, all

lesser levels of reading, and consequently all internal com-

parisons,are still possible; whereas the opposite is not true.

The preceding observations determine the general rules of

graphic construction:

To represent the information in a single image, or in the

minimum numberof images necessary (to renderit percep-

tible in its entirety, in the numberof instants of perception),
is the first rule of graphic construction.

To simplify the image without reducing the number of
correspondences is the general rule which applies to any

information having oneor several reorderable components.

To simplify the image by reduction andthuscreate a clear

and efficient message is the general rule which applies to

any information having several ordered components.

Depending on the imposition (diagrams, networks, or

maps) and the number of components, these rules are repre-

sented by the standard schemas whichfollow.
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Diagrams

FOR PROBLEMS INVOLVING TWO
OR THREE COMPONENTS

The schemasin figures 1 and 2 indicate the necessity of:

— utilizing the two planar dimensions in a homogeneous,

rectilinear, and orthogonal manner;

— employing an ordered retinal variable (size, value or

texture) for representing the remaining componentat the

appropriate level of organization;

— ordering any reorderable component(by diagonalization).

Information represented according to these rules will be

perceptible as a single image.

FOR PROBLEMS INVOLVING MORE
THAN THREE COMPONENTS

The circumstances particular to the gathering of the infor-

mation (door-to-door surveys, library research, etc.) or to

its utilization on the elementary level (looking fora site, a

Street, an itinerary) will lead the designer to adopt:

An inventory drawing (figure 5, comprehensive)
This is easy to draft but must be reread, point by point, for

comparisons.It displays the comprehensive information in a

single figuration, which can provide a visual response only

on the elementary level and will exclude any question on a

higherlevel.

These inventories are no more than the raw materials for

constructing:

Processing graphics

These are capable of responding immediately to any overall

question. The designer then follows the schemas in figures

3 or 4 and represents the information in n separate images,

each involving three components:

— nis generally the length of the shortest componentor the

productof the lengths of the shortest components;

— it is understood that all the images are comparable, and

that the planar dimensionsareaffiliated with the two most

ordered components, those most capable of producing a

useful domain of comparison;

— then separate imagescan thenbeclassedlinearly (figure 3),

distributed over one or several double-entry tables

(figure 4), and thus becomethe object of new groupings.

The drawing of a “message”(figure 5, simplified)

Here the drawing superimposesthe result of the processing

operations in several simplified images. For diagrams, this

generally involves an image-figuration superimposition. It

is more efficient when the superimposed imagesare simple

and few. In any case, SPECIAL CONSTRUCTIONS(linear,

polar, triangular, . . .), which differ from the standard are

justified only by the presence of very limited components.

These reduce the necessary images to a number small

enough sothat it does not appreciably increase the mental

cost of perception.

STANDARD SCHEMAS

2 COMPONENTS
MORE THAN 3 COMPONENTS
 

1 COMPONENT 3 COMPONENTS
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Networks

The circular schema (figure 6) is the construction which

permits the most rapid transcription of a verbal analysis of

the information into a two-dimensional drawing.

This construction immediately displays the principal char-

acteristics of the information; it allowsan initial ordering;it

permits observing the structure of the system of correspon-

dences and, if appropriate, discovering a simpler construc-

tion (by transformation) based on that structure (see page

271). Additional components will utilize the retinal variables

(figure 7), then produce supplementary images which can be

juxtaposed (figures 8 and 9) or superimposed (figure 10).

Maps

DIAGRAM, NETWORK, OR MAP

Information which includes a geographic component can be

constructed according to any of the three impositions.

A diagram

Constructed in a line, the geographic component occupies

only one dimensionof the plane.It is reorderable; it can be

treated in a diagonalization procedure involving three vari-

ables and simplified, as with any information having three

components, without a reduction in the numberof correspon-

dences. A diagram thus enables us to discover the internal

categorization which characterizes the information being

processed in a much shorter time than does a map.In the

information represented from page 100 on (working popula-

tion according to the three sectorsI, II, and III, by depart-

ment), the diagram showsthat the component ¥ sectors can

be grouped into two categories—the agricultural sector

and the two other sectors—and that the geographic com-

ponent ~ departments can be reduced to a certain number

of groups, derived from the triangular diagram. But these

groups are independent of the geographic order, and the

latter cannot be exploited as a basis for memorization and

external comparison.

A diagram permits the rapid and precise internal process-

ing of information having three components, butit does not

permit introducing the information into a universal system

of visual memorization and geographic comparison.It is

a closed graphic system, limited solely to the information

being processed.*

*In orderto introduce a diagram into a universal system of comparison, it is neces-

sary to call upon the mathematical notionsof:

location—mean, median, mode
dispersion—variance,standard deviation

shape—skewness,kurtosis

all of which have a universal definition and are thus comparable in any circumstances.

A network

Whenconstructed as a reorderable network, the geographic

component occupies both planar dimensions. Thus we can

only construct a network as a single image with information

which does not exceed two components.

But we can attempt to find the order which achieves the

simplest structure of the network of correspondences and

derive characteristic groups from it (see figure 9, page 51).

A map

Like the reorderable network, the network ordered accord-

ing to geographic order occupies both planar dimensions

(figure 11).

Thus we can only construct a map as a single image

with information having at most two components. A map

invariably takes longer to construct than the corresponding

diagram. In any problem involving more than two compo-

nents, it leads to a greater number of images. But mapping

introduces geographic order and thereby inserts the infor-

mation into a universal system of visual memorization and

unlimited external comparisons.

STANDARD SCHEMASFOR MAPS

In problems involving two components, the schema in

figure 12 indicates the necessity:

— of utilizing an orderedretinal variable for representing an

additional component

— at the appropriate level of organization.

Information constructed accordingto this rule will be per-

ceptible as a single image.

In cartographic problems with more than two compo-
nents, the geographic componentplays the samerole as the

two ordered components in diagrams with more than three

components and obeys the same general rules. These are

represented by the same schemas:figures 13, 14, and 15 cor-

respond to figures 3, 4, and 5 for diagrams.
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E. Generalrules of legibility (or rules of separation)

GRAPHIC DENSITY

ANGULAR SEPARATION

RETINAL SEPARATION

The rules of construction that we have just examined govern

the choice of visual variables. With some constructions, a
reading may only be possible on the elementary level; with

standard constructions, it will be possible on all levels. But

this still implies that a reading is possible, that the image 1s

legible.

If the rules of construction can be compared to the prin-
ciples that apply to the DRAFTING ofa speech, then the

rules of legibility are comparable to those governing the

AUDIBILITYof the speech (pronunciation, sound quality).

They assure a separation among the variables and among

the steps of each variable. A speech which ts excellent on
paper can be practically inaudible if the pronunciation or

any audibility factor is defective. Conversely, a very bad text

can be delivered by an excellent speaker under perfect con-

ditions of audibility.

The sameis true for graphics. A good construction can

be done under conditions of legibility which are such that

the image will be difficult to read; and conversely, ineffi-

cient constructions can be reproduced by excellent drafts-

men who will make them appear as good drawingsto the

inexperienced viewer.

Let us extend this comparison with verbal language in

order to uncoverthe factors of legibility. The speech can

be inaudible because the speaker speaks too rapidly. The

amount of sound per second goes beyond human capaci-

ties of attention and comprehension. If the orator speaks

too slowly, the listener has the impression of wasting time.

Thus there exists an optimum temporal cadencefor auditory

delivery.

Likewise there exists an optimum numberofmarks per

cm? (see figure 2) between a density whichis too great

(figure 1) and one whichis too sparse (figure 3). This is

GRAPHIC DENSITY.

The speech can also be inaudible because the orator mis-

pronouncesthe wordsor speaks too low. The sounds become

incomprehensible; they mix with each other and with the

“background noise” of the room. The sounds must be differ-

entiated from one another and separated from meaningless
noises. The orator who speaks too loudly loses the benefit

of vocal inflections. Thus there exists a range of differences

and powers whichthe speaker mustutilize in order to benefit

from all the auditory differentiation available.

Likewise, a graphic must utilize the range of percep-

tible differentiation afforded by the visual variables, in

such a waythat the eye can:

— Separate the TWO PLANAR DIMENSIONS (figure
5) and avoid a “squashing” of the plane which limits
angular differentiation, as in figures 4 and 6. This is

ANGULAR SEPARATION.

— Separate the meaningful marks from the meaningless

ones (Separate “figure” from “ground,” “content” from

“form’’) and, within each RETINAL VARIABLE,sepa-

rate the steps in order to avoid an image which is too

weak(figure 7) or too bold (figure 9). This is RETINAL

SEPARATION(figure 8).

Both figures 7 and 9 utilize only a small portion of the

perceptual differentiation available.
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(1) Graphic density

There is an optimum numberofmarks per cm?infigurations,

1.e., graphic representations which superimpose different

images. For example, the map of India in figure 1 makes

sense only if the reader can separate, on the elementary and

intermediate levels, the image of the highways from the

image ofthe relief, from the image of the rivers, from the

image ofthe forests, etc.

A density whichis too great (figure 2) provides no more

than the sum of the images, all signs combined (or nearly

so), and this sum is rarely meaningful. It would seem that an

average density of someten signs per cm?is an upperlimit.
However, this optimum varies according to the number of

different images (length of the component #), the utiliza-

tion of differences in implantation, the retinal variables

employed,and the reading habits of the individual. A precise
study, objectively measuring these differences, remains to

be done.

Thelegibility of a FIGURATIONis drastically altered

by too great a density of signs. Ten signs per cm’ repre-

sents a maximum limit.

However, there is practically no maximum density in an

image, 1.e., a homogeneous graphic representation.
An image can accommodate very great densities and con-

sequently substantial photographic reductions. Such is the

case with the mapson pages 319 and 373 or with the map

of buildings in Poland (figures 3 and 4) authored by Profes-

sor Uhorcezak (Warsaw, 1954), in which the eye encounters

meaningful information whateverthe density ofsigns.

Whatdisappearswith increasing density is the elementary

precision. However, the eye, unencumbered by variations

in detail, discovers regional characteristics more easily and
defines several levels of regionalization without difficulty

(figure 3). Finally, an overall reading, based on density, is

meaningful and easy to accomplish (figure 4).

An IMAGEremainslegible while accommodatinggreat

graphic densities and thus substantial photographic

reductions. Consequently, reading on the intermediate

and overall levels is generally found to be easier.

However, for both figuration and images, it is obvious

that too weak a density corresponds to underutilization of

graphic capacity. The only exception is a representation

aiming at high precision measurements(plans, surveys,tri-

angulation), since dimensional accuracy is proportional to

the size of the drawing (see page 298).
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(2) Angularlegibility

ANGLES

A visual form is delimited by a series of more or less clear
lines which determine angles.

Angular legibility diminishes:

— as the clearness diminishes

— as the angle approaches 0 degreesor 180 degrees

— as the lines forming the angle shorten.

The choice of scale in a diagram is based on angular

legibility.

The time-yield curve in figure 1 presents two types of

angle:

— clear and legible angles, which are commonly found and

readily perceptible on the level of elementary reading;

— an unclear and practically invisible angle (the one that

the whole of the curve forms with the horizontal axis of

the plane), on the overall level of reading. This angle is

meant to express the ordered relationship between the

two planar dimensions, that is, the correlation between

time andyield.

This angle is perfectly visible in figure 2, but at the
expense of a reading on the elementary level, since the eye

encounters angles approaching O degrees. On the elemen-

tary level optimum legibility is located near the right angle.

But angular differentiation is perceived through the inter-

mediary of the lines forming the angle, which are more

comparable when brought closer together. We therefore con-
clude that:

— On the elementary level optimum angularlegibility is

located near 70 degrees.
— Ontheoverall level the image tends toward the form of

a square where optimum angularlegibility is provided

by the diagonal.
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— Since these two conditions can be contradictory, angular

legibility results from a compromise between the condi-
tions of legibility for the two extremelevels of reading.
This compromise is shown in figure 3. The designer

should thus avoid elementary angles which are too sharp (or
too flat) as well as diagrams whichare too wide(or too high).

SHAPES

The perception of angles governs the perception of shapes

and consequently of signs differentiated by shape variation.

However, as the length of the lines diminishes, approach-

ing a certain threshold, the angle is no longer legible. There-

fore it is not surprising that with reduction in size, the most

varied shapes tend to become confused and end upasa point

or a dash (figure 4). Consequently:

— On the elementarylevel of reading a meaningful shape

must have a minimalsize of about 2 mm in orderto be
legible as such.

— With smaller sizes there are only three distinct shapes:

(a) the point

(b) the dash

(c) the intersection of two dashes(i.e., the cross).
— On the overall level of reading, provided theyare of suf-

ficient size, the dash, the point, and the cross produce

three steps which permit visual selection. Any other
shape, being only intermediate, will diminish percep-

tible differentiation and eliminate selectivity.
The dash muststill be sufficiently long (at least four times

its width), since we are sensitive to the difference between

a point and a line. With the cross, we are affected by the

difference between a “vibrating” sign and a “nonvibrating”

sign (see the “vibratory effect of texture,” pages 80-83).
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(3) Retinal legibility

If angular legibility concerns meaningful perceptible dif-

ferentiation on the plane, then retinal legibility applies to

differences in “elevation” above the plane, to differentiation

among the steps of a retinal variable. In order to achieve
maximum differentiation, it is necessary:

(1) to have a total amountof “black”:

— sufficient so that the smallest signs are visible, stand out

from the background,and coverthe “visual noise,” such as

blotches, errors, printing irregularities, etc. (in figure | the

total amount ofblack is insufficient);

— butlimited so that the largest signs are separate(in figure 3

the amountof black is too great).

(2) to obtain the greatest amountofdifferentiation, that1s,

to utilize the entire perceptible range of a given variable. But

here, it is necessary to distinguish between:

— information whichinvolves only quantitative perception;

— and that which involves selective perception, combined

most often with ordered or associative perception.

1

 THE AMOUNT OF BLACK AND THE BACKGROUND

Experience shows that when the total amount of black

varies between 5% and 10% of the meaningful area of the
plane,legibility is optimum (figure 2).
Consequently, this percentage enables usto calculate the

scale of proportional signs. The hypothetical sign which

would correspond to the total of the quantities to be rep-

resented should have an area less than a tenth of the mean-

ingful area of the plane. The total amount of black can

necessitate a density adjustment (see page 374) for series of

signs of graduated size and for automated cartography. But

this amountof black concernsonly the representation of the

pertinent (new) correspondences whichconstitute the infor-

mation itself, and which must contrast with the background,

that is, with the “reference” components represented by the

two dimensionsof the plane.

 

First perceptible step: the contrast between

subject matter and background(figure and ground)
Whatis visible in figure 4, utilizing the major portion of

“black,” is the geographic component, the “predictable”  
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information which anyone can reconstruct by opening an

atlas. The representationis illegible.

The representation in figure 5 is legible. What dominates

are the pertinent (new) correspondences, the “unpredictable”

elements which, theoretically, no other document could

furnish. The first perceptible step must separate the subject

matterfrom the background.

The recipe is simple, and its use is a graphic necessity.

Take the diagram in figure 6, in some ways well constructed,
but nonetheless illegible. It represents the evolution of the

number of ships linking Spain to the different areas of

Spanish America.*

It illustrates the most commonerrors of legibility. The

background (figure 7) is more visible than the subject matter

(figure 8).

A REDUCTION IN THE VISIBILITY OF THE

BACKGROUNDisobtained by:

— eliminating known signs or ones which can be recon-

structed if an elementary reading of the details is called

for (figure 9);

— decreasing the visibility of the remaining signs (use of
fine dashes,dots, light values);

— increasing the predictability of the identification signs,

by accentuating the presumption of continuity.
A single vertical scale accentuates the presumption of

homogeneity for all the curves. Several characteristic dates

categorize the time, make its perception immediate, and

accentuate the presumptionofits continuity.

Conjointly the effort will involve:

AN INCREASE IN THE VISIBILITY OF THE

SUBJECT MATTER.

For example, by “blackening in” the proportional columns

(figure 10) we obtain a double perception involving the

heights of the columnsonthe plane (which alone wasvisible

in figure 6), and the amountof “‘black.”

The superimposition of figure 10 on figure 9 produces

figure 11, which is legible, and inclusion of the subtitles

makesidentification easier.

*Data from P. and H. Chaunu., Séville et UAtlantique. Atlas (Paris: S.ENV.P.E.N..

1956). It is a question of the numberofships leaving Seville, apportioned according

to their destination and the decade.
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PERCEPTIBLE DIFFERENTIATION
IN QUANTITATIVE PERCEPTION

Quantitative components (absolute quantities, measure-
ments, ratios, etc.) do not call for selective perception. The

question “A given precise quantity, whereis it?” is generally

useless and results from the bad habit of elementary reading.

Note, however, that such a question could be answered by

using a redundant combination of size (quantitative) with
shape (selective), as on pages 357 and 377.

A quantitative variation accommodates a large numberof

steps (see example on page 373) andis all the more accurate

forit.

Quantitative legibility essentially depends on the utili-

zation of the maximum range(ratio of smallest to largest

signs) in a series based on size differences.
It is easy to construct (in point representation) twocircles

whosearearatio is 1 to 10 O00 (figure 1).

A ratio of 1 to 20 canstill produce a legible image, but leg-

ibility is practically nil at a ratio under1 to 10.
Conversely, the ranges of quantitative series can vary

greatly (see page 357), and legibility leads us to extend
(figure 2) or to reduce (figure 3) the quantitative series in

orderto adjust it proportionately to the perceptible series.

Thisis called a “range adjustment.”
The different modalities of this adjustment are described,

according to the three implantations, from page 357 on.

PERCEPTIBLE DIFFERENTIATION IN ORDERED

PERCEPTION AND SELECTIVE PERCEPTION

The perception of order doesnot in itself require the selec-

tion of particular steps. Consequently, these can remain

numerous so long asselective perception is not called for.

Ordered legibility only depends on the utilization of the

maximum range of the ordered variables: size and value.

Texture can also create a perceptible order, on the intermedi-

ate level of reading, without destroying the associativity of

the signs (see figure 4, page 357).

However, ordered information generally calls for selec-

tive perception aswell.

One experiences difficulty in reading the map in figure 4

(dates of maximum population per canton). The time com-

ponentis represented bya variation in size. This component

is relatively long, which makesit difficult to isolate the dis-

tribution of a precise date, that is, to answer the question “A

given date (1850, for example), whereis it?”

With the map in figure 5 (year of worst harvest), where

ordered information is represented by a value variation, the
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reader can also attempt to isolate one precise year: 1941 or

1944, for example. This can be accomplished better than in

the preceding map, since the variation is shorter and the

area signs are larger than the point signs. However, this

is achieved better by the map in figure 6, which combines

value, texture, orientation, and shape.

The combination of several variables reinforces selec-

tive legibility.
We will now define a combination of variables and

examineits properties.
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COMBINATIONS OF VARIABLES

Thepairs of point, line, and area signs, which are similarin

figure 1, are differentiated in figure 2 by the use of orienta-

tion. In figure 3 they are differentiated by both orientation

and shape. This is an orientation-shape combination. The

differentiation in figure 4 combinesorientation, shape, and

value. In figure 5 we utilize orientation, shape, value, and

size.*

All the combinationsof retinal variables are possible.

The figure on page 185 displays all the combinations

which can differentiate two point signs. In group | (first row)

a single variation separates the twosignsof each pair. In the

other groups,eachpairis differentiated respectively by two,

three, four, five, and finally six variations.

Whenthethirty-two combinationswith size are aligned in

the same column,one can see that color, for example, or any

other variable is represented thirty-two times. Excluding

repetitions, there remain sixty-three possible combinations

between twosigns.

*When value variation, normally obtained by a difference in inks (black. dark
gray, light gray inks), is obtained, as here, by a visible line pattern or dot pattern,
this will add to the perception of value a perception of texture, which is obviously
different from black, which has notexture.
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LEVEL OF ORGANIZATION ‘natiOF VISUAL VARIABLES Properties of a combination of variables |
; The level of organization,i.e., the perceptual properties of

PLANAR _ = O > each variable are known (see the table in figure 7). Note that
DIMENSIONS = the associative variation of shape (figure 1) and the dissocia-

. : tive variation of size (figure 2) produce a dissociative combi-

SIZE > |# O 9| nation (figure 3). The density of the sample points, whichis

perceptible in figure |, is dissociated in figure 3.

VALUE 4 |+ O | Likewise a value variation (figure 4) and an orientation
variation (figure 5) produce a combination having the prop-

— erties of value (figure 6).
TEXTURE = . . . . .

F O| A combination of variables will retain the properties of

LOR — =f the variable having the highest level of organization, as
ce = determined by the table on page 96 (with the exception of

= FF representation the size-value combination).
ORIENTATION — | Size and value, both being dissociative, that is, both having

_ variable visibility, can be combined:

SHAPE 7 — — either in the same direction (the concurrent combination    in figure 9);

— or in opposite directions (the compensating combination

in figure 10).
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REDUNDANT COMBINATIONS

In figure 3 the combination of shape and size represents a

single component: quantities of francs per m’. Likewise,in

figures 6 and 8, each combination represents only a single

component.

A combination of several variables, utilized to represent

only a single component,is a redundant combination.

Selective differentiation is always greater between two

steps of a combination of variables than between two steps

of a single variable, all other things being equal (with the

exception of compensating combinations).

Consequently:
Redundant combinations increase the separation

between the steps of the retinal variables. They are the

basis for selective legibility.

The concurrent combination of size plus value (figure 9)

enables us to reinforce the legibility of a quantitative varia-

tion (figure 11) whose range doesnotexceed | to 10.

The use of redundant combinations

The graphic designer encounters two maintypesof problem

in the use ofretinal variables.

(1) The information will admit variable visibility (see page

323), that is, a spread from weakto strong or from light to

dark. In this case, the designer can create an image which

is ordered and selective, and base the combination on size

or value, that is:

size plus texture, color, orientation, shape or

value plus texture, color, orientation, shape.

(2) The information will not admit variable visibility; all

the signs must have the same visual power. In this case,

the designer can create a selective-association figuration,

basing the combination on texture, and preserve an orderin

the visual variation.

texture plus color, orientation, shape.

If order is not involved, one of several possible combina-

tions can be based on the last three variables: color, orienta-

tion, shape.

The modalities for using redundant combinations and

determining their length for each of the three implantations

can be found from page 323 on.
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“MEANINGFUL” COMBINATIONS

In the same implantation, when two variables are each asso-

ciated with a different component, the combination is no

longer redundant, it is “meaningful.” The mapin figure 1

is an excellent example of this. Each retinal variable repre-

sents one component, but the visual properties of the com-

bination of variables are obviously applicable to meaningful

correlations within the information. Therefore note that:

in a meaningful combination, the image is based onsize

or value, or on the visual sum of the two.

We should thus affiliate size and value with components
which are particularly meaningful or whose combination is

meaningful. For example, in the map of Spain in figure 1:

population X tax rate = total amountoftaxes.

In the wind map on page 353: force X length = air

turbulence.

In a meaningful point combination,size and value cannot

benefit from the entire range of perceptible variation. The

lowest step must be sufficient to ensure the legibility of the

other components.

 

SELECTIVITY WITH DIFFERENCES
IN IMPLANTATION

Superimpositions involving two or three implantations—

points, lines, areas—ensure an excellent visual separation

(see figure 5, page 159) in graphic representations.

In mapping, for example, it permits superimposing figure

3 (a quantitative variation of inhabitants) on figure 4 (an See page 163.

ordered variation whose steps represent the number of

doctors per 10 000 inhabitants), thus producing the map in

figure 5. Easy to use andefficient, this is the recommended

selective formula for sketches and simplified pedagogic fig-

urations(figure 2).
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Summaryofthe rules of legibility

In any graphic

The overall figure should tend toward the form of a
square(or a rectangle).

Generally the ratio of the sides should not exceed 1/2.

The entire range of a visual variable should be utilized.

It is thus necessaryto use a total amountof “black” which

will occupy 5% to 10% of the area of the figure. This will

eliminate graphics whichare too light and becomeinvisible

as the eye moves away.

The first perceptible step should separate the “subject

matter” from the background, thus emphasizing the per-

tinent (new) correspondencesanddifferentiating them from

the signs which merely identify the reference elements of

the plane.

In an image

Graphic density can be very great.

In a figuration

A figuration, by definition, poses problems of selection.

Rememberthat: (a) the best visual selection is produced by

the plane, that is, by the construction of the information in

as many separate imagesasthere are additional components

(beyond the numberrepresented bythe planar dimensions);

(b) the numberofselective steps in the retinal variables does

not generally exceed five; and (c) in order to benefit from

these:

graphic density should not exceed ten signs per cm’,

whetherthese signs are points, lines, or areas;

separable shapes should be at least 2 mm insize; in very

small sizes, there are only three separable shapes: the point,

the dash,and the cross;

redundant combinations increase the differentiation
among the categories of a component;

a difference in implantation creates the best differentia-

tion among twoor three superimposed components.
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Utilization of the graphic sign-system



Classification of graphic problems

A first order according to:

THE GROUP OF REPRESENTATION (IMPOSITION)

A second order according to:

THE NUMBER OF NECESSARY VISUAL VARIABLES

A third order according to:

THE LEVEL OF ORGANIZATION OF THE COMPONENTS

A fourth order according to:

THE LENGTH OF THE COMPONENTS (diagrams)

THE TYPE OF REPRESENTATION (IMPLANTATION)

(networks and maps)

192

diagrams
networks

maps(cartography)

problems involving symbolism (see shape andcolor)

1

2 representation as a single imageis possible

3
3+ function of graphic (inventory, processing,

message) must be considered

simplification by ordering

A
O

} simplification by smoothing and regionalization

limited special cases

extensive standard constructions

point

line

area



J. Diagrams

Definition

The graphic is a diagram when the correspondences on the

plane can beestablished amongall the elements of one com-

ponentandall the elements of another component.

Process of construction
In order to construct a diagram,it 1s necessary:

(a) to determine a form of representation for the components;

(b) to record the correspondences.

The standard construction is expressed by the schema in

figure 1, which implies: (1) the orthogonal utilization of the
planar dimensions; (2) the utilization of an ordered retinal

variable for the third component; and (3) the ordering of

qualitative componentsby diagonalization (see page 168).

Unity of the image
Any diagram involving two or three components can be con-

structed as a single image. Special constructions are justi-

fied only by the presenceof very limited components.

4





A. Diagramsinvolving two components

Such diagrams exclude systematic comparisons, which ordering and grouping of categories. The display below

would necessarily lead to introducing a third component (figure 1) represents the principal forms which canbe used,
into the problem. Consequently, the purpose of these dia- —_accordingto the level of the components.
grams is the internal reduction of each componentby the

LEVEL OF ORGANIZATION OF THE COMPONENTS

2 reorderable zx #
1 reorderable #~ Oo x
no reorderable o 90 ° °o 9 Q Q
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1. Nonquantitative problems

x A
Two reorderable components

First example: Sales organization

Considera list of clerks A, B, C,... anda list of articles sold

l,m,n,...1ina Store.

a eight clerks

a twelve articles

For various purposes, the management compiles lists,

which are generally arranged alphabetically, and then sets

up a table of correspondences between the twolists (figure

1) in order to know thearticles sold by A, B,....

But these lists also contain information relative to the orga-

nization of the sales force. In the example givenitis possible

to arrive at a simpler image than that in figure 1, without

changing any of the correspondences among the elements,

by adopting a new order within eachlist. This new orderis

discovered by permutating several columns A, B, C, then

several rows 1, m,n, up to maximum simplification. One thus

obtains figure 2. The process of diagonalization, utilized

here, reveals the structure of the sales organization. Hereit
is simple and apparently logical: two clerks are assigned to

the same group ofarticles, and each article is sold by two

clerks. With a poorly organizedstore, the process of diago-

nalization would have produced a complex image, which

only changes in sales assignment could simplify. Thus the

image can be a meansof reorganizing the work in a more

logical manner.

Second example: Significance of cultural traits in nine
humansocieties

(After Robert L. Carneiro, “Scale Analysis as an Instrument

for Study of Cultural Evolution,” Southwestern Journal of

Anthropology 18, no. 2 [1962]: 149-169.)

Take nine societies, A, B, C, ...in South America, in

which the presence or absenceof cultural traits 1,2, 3,...

has been observed.

~ nine humansocieties

~ eight culturaltraits

During the survey stage, traits and societies were corre-

lated in a double-entry table (figure 3) immediately after

their identification.

The search for a simpler image, by permutation of rows and

columns,leads to the triangulation shown in figure 4. It is

sufficient to class the societies by numberoftraits: Inca 8,

Chibcha 7... and the traits by numberof societies: agricul-

ture 8, pottery 7....

196

 

 

 

 

 
E
€
é
<
f
e
u
v
3
r
H
s
3
8

3
J

«w
e  

 

 

  

 

 

   
Lh

P
U
L
o
F
e
a
a
e
c
a
u
s

  
—
k

th
OD

—
—
$
>
>

‘
o
u
t
:

D
D
A

L
F

W
w

P
Y

O
o
F
e
w

A~
P
F

Y
W

Y
H

w
m

 

ABCDEFGH , CHDFAE BG

Social stratification

Pottery

Fermented drinks

Political system

Agriculture

Architecture

Ore foundry

Weaving trade

Agriculture

Pottery

Fermented drinks

Weaving trade

Socialstratification

Ore foundry

Political system

Architecture

EG Bitlc¢cDA F H

 



Thus, societies and traits are found to be reciprocally

classed: societies in the decreasing order of numberoftraits;

traits in the increasing order of rareness. This classing also

displays the inclusive or cumulative nature of the cultural

traits: the presenceofthe weavingtrade, for example, implies

the presence of all the preceding traits (fermented drinks,

pottery, agriculture), and its identification will affirm their

existence also. But weaving bearsno informationrelative to
traits such as social stratification and ore foundry, which can
be present (Inca) or absent(Jivaro).

Scalogramsrarely lead to a perfect image.

Louis Guttman, who wasthe first to demonstrate the

importance of this method (“The Basis for Scalogram Anal-

ysis,’ in Studies in Social Psychology in World WarI, vol.

4: Samuel A. Stouffer, et al., Measurement and Prediction

(Princeton: Princeton University Press, 1950], pp. 60-90),

proposes a numerical evaluation of the difference between

a given scalogram (figure 5) andits ideal model(figure 6).

This is the “reproducibility coefficient” calculated accord-
ing to the formula:

CH1_ numberof differences
 

length of the first component X
length of the second

Here, a “difference” is either an empty box (‘cell’) that
oughtto befilled, or a filled cell that ought to be empty,rela-

tive to the ideal figure. Thus in the example from figure 6:

8
C= 1- —W— =0.949

12 x 13

In the social sciences this coefficient can be usedto class

several diagrams in a logical order, as a function of the

degree of correlation betweenpairs of concepts.

Third example: Thedistrict of Paris
for various administrative bodies
(After Etude statistique de la région parisienne,vol. 1, Délim-

itation de l’agglomération [Paris: I.N.S.E.E., 1947], p. 85.)

Both departments and administrative bodies are reorder-

able components. Ordering each according to the number

of correspondences (the numbersfrom the table in figure 7)

enables us to construct figure 8, which immediately reveals

principal anomalies (circled on the figure) concerningeither

departments (Oise, Aube, Yonne) or administrative bodies

(Appeals Court). The drafting of such an imageis within the

reach of any typist, and a map can be derived from tt.

List of departments (other than Seine) comprising the Paris district
for certain administrative bodies

 

 

  

£ q & » o t fe e e a 3
Administrative bodies iii) = |k*d 3 sa 4 3 ; g s

a aa 5 ila al & 3 6 «4 = ~— 6

Academyof Paris | + | + + + +

Archdiocese of Paris + + + + +

Appeals Court + + + + + +

Social work + +

Public Insurance + + + +

Automobile registration |+ +

Water, forestry > +

Veterans Administration} + >

Electricity | + 1s

Gas + + +

Business Inspection * |+ o [|o |s+] *

Police force + + +

Civil engineering |}

Mail, telephone, o ||e

Military district + + + + + +

including
Paris subdivision * +

Planning and zoning > + >

Public Health + + +

Social Security + |* |e

Employment + |            
(1) The Act of 28 August

departments of Seine,
1941 establishes the planning area as extending to the
Seine-et-Oise, Seine-et-Marne, as well as to the com-

 

munesin the five cantons of Creil. . .Senlis in the departmentof Oise.

Veterans Administration....... XX 2
Social work.................eeeree es XX 2

Water, forestry, mining......... xX 2

Civil engineering ................. xX X 2
Employment...............0::006 XxX 2
Gasandelectricity ............... XXX 3
Police force ...........0..0eeeeeeee XXX 3
Mail, telephone,telegraph..... XXX 3
Planning and zoning............ XXX 3
Public Health ......0...........044. xX X 3

Social Security ...............0:.04. XXX 3
Public Insurance ...............54. XXXX 4
Catholic Diocese .................. xX X xX xX 3
Business Inspection.............. XX{ |XXX X 6
Military district..................4. XX) |XXXX 6

Appeals Court..................05 XXU xX x(x) 6

Academy..............02.ceceeeeee es XXX X XXX 7

17178443 3 2211

geOPES EOE? 3
aa? PO ar a eS
mo -~ ~

oz & F
wm a —
o 3

ao
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#O
A reorderable component
An ordered component

First example: Sales organization

Take:

*~ eight clerks A,B,C,...

OQ twelve articles ordered according to their monetary

value.

By placing the classed list of articles on one coordinate,it

is possible to class, on the other coordinate,the list of clerks

in a corresponding order D, F, A, . . . (figure 1). We form

the image which most closely approachesthe diagonal. This

table permits us to answer any question based on the order

of value of articles sold: for example, “Whosells the least

expensive articles?” or ‘““What is the performance(in value

of articles sold) of a given clerk?”

Second example: Historical classing
Fora series of silver mines in Yugoslavia, the datesofinitial

activity and of closing are known(these dates can be more

or less precise).

This historical information, although brief, assumesits

full importance when werepresentit as in figure 2, which
enables us to class the mines and discover potential group-

ings. It also constitutes the time basis for a quantitative eval-

uation of production, but this involves a new componentand
will be discussed later (see page 222).

OO

Two ordered components 1250

First example: Sales organization

Consider:

O eight clerks, classed accordingto their age

OQ twelve articles, classed according to their monetary

value.
Unlike figure 1, figure 3 cannot be reordered. We can only

evaluate the meaning of the correspondence between the

two given orders. In this example the most expensive arti-

cles are assigned to middle-aged clerks, whereas the least

expensive articles are assigned to a young-elderly tandem.

The manager’s organizational principle appearsclearly.

Second example: The “day” of a mountain peasant
Take:

(1) places of work or activity, ordered in space, according to

altitude

(2) a sequenceof days.

This means two ordered components, through which one

can follow the activity of a family or individual.

Graphically transcribed, according to the standard con-

struction, the information formsthe classic imagein figure4,

which would lead to numerousdiscoveries if extended over

a longer time period.

Mountain

Forest

Dwelling

Village

Town
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2. Quantitative problems

Q#

A limited reorderable component
A quantitative series

A quantitative series enables us to order a ~ component. The appropriate construction will depend on the eventual

A limited or “short” # component (up to about six cat- —_use of the graphic, as outlined in the display below (figure
egories) authorizes “special constructions” (differing from 6). All these figures apply to the same set of information

the standard schema), since the numberof necessary images (figure 5).

will be at most equal to the length of the # component.

 

 

 

 

    
       
 

USE

—_ 1 visual image (meaningfuloverall form) @—_ ~~ —-.

MEMORIZATION n verbal images(74, 4, “4.- -) a tv |

parts to thetotal e t
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COMPARISONS perception of null parts ; ¢
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# Q

West Germany 52M
Belgium 9
France 44
Italy 48
Luxembeurg 0.3 S oe Oo

5 UnitedKingdom 51 6 SS

[

|||[|AB|_|= 
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GERMANY Take the information from figure 5 on page 199.

   

 

 

o UNITED KINGDOM

z 50 SeANCE Standard construction
a 40 Figure 1: The image resulting from the standard con-

z Q struction favors comparisons among theparts, but it does

n not allow comparisonof the parts with the total. The overall

Y form is meaningful. The use of an additional retinal vari-
C aS ation (B) is not necessary. The rules of legibility exclude

= — drawings such as C. Of the three representations in D, the
D one on the right is preferable, since it produces a countable

figure. This is particularly useful for portraying very small

quantities (numberofdaily entries into a port, for example).

 

  

 

      L. Special constructions

Figure 2: Circles and proportional sectors. If external

E | | ; | 1 visual comparisonsare not envisaged, a problem # (limited)
Q can be represented in a construction where the overall

form is not meaningful. The internal forms(the sectors), pro-

LUXEMBOURG vided they are few in number, are readily (though roughly)

Beccium =| perceived as fractions of the total: 1/4, 1/3, 1/2. Thus the

NETHERLANDS essential point of information—therelationshipof the parts

to the whole—is depicted. Each part is defined in relation to

the total, which is considered as the basic unit.

The angle aboutthe center plays an importantrole in eval-
uating this relationship (Compare C with D).

  

       

    
A ED In order to construct this figure, we must have the total

c Q and transform it into “grads” or degrees. This operation can

~ be carried out graphically (B). The parts are added along a

straight line, which is then placed onto millimetered paper,

D between two parallel lines separated by 400 grads or 360

fe a4 3 degrees. We can then read the corresponding angles and

m place them onthe circle. We recommendthat the parts (here
|i| the namesof the countries) be identified on the figureitself.

|| |

a
 

51

The redundant addition of a retinal variation in C is not

necessary.

200 400

Figure 3: Superimposition of sectors. In order to facilitate

UK G a comparison of the parts with each other, whichis difficult

F to achieve in figure 2, the sectors share a commonradius

in figure 3. It is generally important that the entire circle,

Q whichis easily imaginable, correspond with the total of the

) parts, whose dimensionsare then meaningful.
N . This construction is often utilized as in B to represent

3 various speeds.

L 3

Figure 4: Linear construction. Although simple to draw

and easyto read, this construction haslittle visual efficiency

in spite of portraying the total. It is difficult to estimate the

  
 

       

G UK | F NBL numerical value of the parts without taking precise mea-

° surements. This construction also poses a problem in posi-
A > . e . ° e

Q——> tioning the namesonthe graphic, though this can be avoided 
whentheline is represented vertically.

200



Figure 5: The sameconstruction as figure 4, but with quan-

tities which are not cumulated, favors comparisons among

the parts. Again it is difficult to position the names. The

variants given in B andC illustrate the necessity of showing

the commonorigin of the quantities: zero.

Figure 6: Polar variations of figure 1 are striking, though

not very efficient. The variation in C has the advantage of

constructing a retainable “form.” However, the quantities

are represented in an ambiguous manner,since they are not

proportional to the areas depicted.

Figure 7: This is another polar variation of figure 1, but here

the quantities are portrayed by the areas of the sectors.

The angles about the center are equal, as in figure 6. The

length of the radii must be proportional to VQ. The error

of constructing radii proportional to Q, as in C, should be

avoided, since the areas would be proportional to Q’. These

constructions represent a retainable form,asin figure 6, C.

Figure 8: The constructions resulting from the inversion of

the componentsin relation to the schemain figure 6 lead to
irregular images, which should be familiar so that they can

be avoided.  Figure 9: A variation in size can take the form of a number

of points proportional to the quantities. This graphic

solution, which leads to a density perception (ratio of the

quantities to the area), is appropriate for problems such as

comparison of regional densities, densities per product, etc.

However, this solution only worksfor very great differences Q

in density. f/f

=~ »,

9

Figure 10: A variation in size (conveyed here by the areas

of the squares) allowsusto evaluate the quantities, since the

side of the square is proportional to ¥Q. But the reader can

better evaluate differences in height, which makesconstruc- Q

tion 5 preferable. /

# <

10

Figure 11: In a nonpolar variation using orientation, the

order of the parts is perceptible, but the lack of quantitative

precision is readily apparent.
Q
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Q ~ extensive
Repartitions
(information knownfor each element*)

The “Poleometric Table” (figure 1) published in 1782 by

Dupain-Triel, is one of the oldest proportional represen-

tations of human phenomena which is currently known.

Francois de Dainville has demonstrated (“Grandeuret popu-
lation des au XVIII* siécle,’” Population 13, no. 3 [July—Sept.

1958]: 459-480) that its author was Charles De Fourcroy, a

director of fortifications.

Each city is represented by a square whose areais pro-

portional to the geographic area occupied bythe city (and

for the smallest cities, by a half square only, divided by the

diagonalline).

When superimposed, the squares are classed automati-

cally. This results in visual groupings whichlead the author

to propose an “urbanclassification.” This example allows us

to appreciate the evolution of graphic representation and the

efficiency of more recent solutions, based on the standard

construction.

A repartition

Consider the information given in figure 2, that is, a list of

villages 1, 2, 3, .. . 40 (€ 40) and their population (number

of households).

To begin with, we should note that special constructions,

such as thosein figures 5 and6,lose all efficiency here. The

length of the ~ componentis too extensive for them.

In place of the diagram in figure 3, which directly repre-

sents the initial classing, the standard construction substi-

tutes the diagram in figure 4, wherethe villages are classed

according to their quantities of population.

This creates at least two visual plateaus or “levels,” that

is, villages which have about 70 or 200 households. We

must consider these levels cautiously, since statistical evalu-

ations have a well-knownattraction for rounded numbers.

This also showsthe villages in the extremesof the distribu-

tion (i.e., very small and very large villages). The reorder-

ing process enables the reader to pass from the notion of

quantity per village to a general typology of villages, inde-

pendent of special cases and exact population figures. The

diagram in figure 4 is called a repartition.

* As opposed to information which is knownonly by classes of quantities

(page 206).

POPULATION OF VICINITY OF MADRIDin the 16th century

pervillage (+ ), in number of households (Q)

 

# Q # Q # Q # Q
1. 25 11. 45 21. 68 31 . 300
2. 30 12. 65 22 . 130 32 . 200
3. 60 13. 230 23 . 950 33 . 220
4. 70 14. 90 24 . 160 34 . 220
5. 37 15. 47 25. 60 35 . 200
6. 50 16. 65 26 . 500 36 . 500
7.110 17 . 100 27 . 460 37 . 210
8. 35 18 . 210 28 . 170 38 . 200
9. 70 19 . 170 29 . 350 39 . 350

2 10.120 20 . 100 30 . 200 40 . 200

Q
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Repartitions, distributions, concentrations

The diagram obtained by ordering the villages is a reparti-

tion (figure 1). It causeslevels, 1.e., villages of the same type

(size), to appear. How cantheselevels be defined?

Supposethat instead of forty villages, we are faced with

forty pupils in a class, each one having a ball of twine whose

length (25, 30, 35 cm...) is expressed by numberssimilar to

the numberof householdspervillage.

One canjoin all the twine at the same point and ask the

students to line up, each one holding the other end. They

will not be able to line up as in figure 2, since, at certain

distances from the commonpoint, they will be so numerous
that it will be necessary for them to be distributed in larger

groups, as in figure 3.

These groups are the levels in question. For reasons

which remain to be determined,the balls of twine are more

numerousfor certain lengths, the villages more numerous

for certain quantities of population.

To define these groups we divide the alignment in figure

2 into equal parts (here classes spaced at intervals of eighty

households), chosen in such a waythat the groupsare not

split up (figure 4). Next we count the numberofvillages (or

pupils) in each division. The diagram thus obtainedis a dis-

tribution, more often represented as in figure 5. It empha-

sizes the levels of the repartition (figure 1).

Butit is also interesting to know how muchpopulation half

of the villages (the twenty smallest, for example) contain, or

the length of twine in the twenty largest balls. Nothing is

easier if we join, in order of length, all the balls of twine,

end to end, or if we arrange the numbers of households per

village, one after another.

This is what we obtain arithmetically, by calculating the

cumulative quantities (figure 6), or graphically, as in figures

Jand 8. The villages or the pupils are identified and num-

bered on one of the coordinates (figure 9), in order to be

easily referred to. This leadsto figure 10, whichis generally

replaced by a continuous curve (figure 11). This is a con-

centration curve, which provides an answer to the ques-

tion posed earlier (i.e., the amount of population in half of

the villages). This answer is expressed as a percentage and

bears evidence of the more orless large “concentration” of

the population in one or several villages (in which case the

“repartition” would have the form of figure 12 and the “con-

centration” the form of figure 13). Conversely it can provide

evidence of an equal dispersion of the population acrossall

the villages (in which case the curves would look like those

in figures 14 and 15).

While a concentration lets us numerically define (as in

figure 11) several striking aspects of a quantitative series,*

it is especially useful in problems involving three compo-

nents. It enables us to compare and class several phenomena,

independentof their potential internal levels, which practi-

cally disappear in the wake of the cumulative calculation

(see figure 14, page 111).

*This is due to the property of the definite integral. Note (figure 16) that a point

on the concentration curve corresponding to half of the total population divides

the repartition diagram into two equal areas (figure 17). Any point on figure 16
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rigorously determines the corresponding area, representedas in figure 17, and we

say that the concentration curveis the “integral” of the repartition.
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(information knownbyclasses of quantities)

Considerthe information in figure 1, where the previoussta-

tistical series is given in classes of quantities.

It can be considered as a problem Q O. The different
classes A, B, C, .. . are considered as similar and ordered

categories: categories small, medium,andlarge villages ...,

and their graphic representation leads to the diagram in

figure 1.

However, the statistical series contains other information:

the mean population of a village, an approximation which

is situated between the smallest and the largest village in
each category and which wecan calculate and portray as in

figure 2. From thesedata, it is easy to derive the total popu-

lation in each category and to depictit (figure 3). But these

graphics, linked as they are to the eminently variable defi-

nitions of each category, cannot be comparedto any other

series. They inform usneither aboutthe typesof village (the

levels of the repartition); nor about the numberof villages

which would have to be grouped in orderto obtain a half or

a quarter of the population; nor about the amount of popula-

tion contained in a half or a quarterof the villages. ... These

are, however, problems which must be resolved, since the

greaterpartofstatistical information is provided by classes,

and necessarily so. However, to answer these questions, to

resolve these problems, we must know the population of

each village, the length of twine held by each pupil,just as

on the preceding page. In general terms, it is necessary to

knowthestatistical series by individual element and notjust

by class or group of elements.

It is one of the objectives of graphic representation to

attempt to reconstruct a statistical series by element from

information given by class. The rigor of this reconstruc-

tion dependssolely on the pertinency of the enumeration

units (classes).
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To reconstruct a series by element: _

the information in figure 1 must be considered as a 1500

problem Q #,that is, as an alignmentof all the villages,

 

 

 

 

P
O
P
U
L
A
T
I
O
N
P
E
R
C
A
T
E
G
O
R
Y
A
N
D

      
   

ordered according to their population. We can then calcu- Z
late the total population of all the villages: amount (Q) of sso &

population per village X number(Q)of villages. Indeed, we 2

know: c

(1) the total numberof villages: forty. They can be aligned ---hae GE

(cumulatively) then divided according to categories (figure 12 pat = = <br £F
4). These are the Q ofvillages perclass. 7 oe . jt
(2) the population of the smallest and the largest village in UATEEET 

each class: 0 and 49, 50 and 99, 100 and 249. .. . The straight 4 OF VILLAGES
line joining these points constitutes an approximationof the

repartition (figure 5). A curve is generally more appropriate

(figure 6). It has a greater chance of approaching the real 13

repartition. This curve depicts the population of each village

(figure 7), muchas it was knownin figure 1, page 204, but

with an accuracy linked to the degree to which the class

limits approachthe actual village populations.

From this construction (figure 7), all the operations —-+—

described on page 205 are possible.

Wecan construct a distribution (figures 8 and 9), or a con-

centration (figures 10, 11, and 12); we can calculate summary

values(figure 13).

From the ten numbersof the information in figure 1, we

can derive the same information as in a series knownbythe

element, although admittedly with less precision and cer-

tainty. This series is now defined by its proper characteris- 25% |
tics and can thusbe introduced into a general typology of =°°Poguere 30 BN tau
repartitions, distributions, and concentrations. (MEDIAN)
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A repartition (R) or a “cumulative curve” tends to define

each individual observation (villages, pupils) as it 1s classed.

If we know each observation, the curve is accurate. When

the information is knownbyclass, the curve is an approxi-

mate reconstruction.

A distribution (D) emphasizesthe levels of a repartition.

(1) It tends to verify the homogeneity of the observations

and to uncover unknownvariables. The villages are grouped

around twoclasses (see figure 4, page 204); there are, there-

fore, a certain number of conditions (to be determined)

commonto the first group and other conditions commonto

the second group.

(2) It is ameansofprediction andcalculation. A distribution

involving a large numberof observationsis stable, so long as

the conditions of observation are constant. For example, the

distribution of the daily rate of response to a circularletter

enables us to predict the total number of responses which

will be obtained, based on the numberofresponses during

the first days. By the same token, knowingthe distribution

of missized pieces coming out of a machine permits us to

calculate the cost of a piece, according to various tolerances

of accuracy.

The distribution of deaths according to age allows us to

calculate the cost of life insurance, based on the age of the

insured.
(3) The comparison of two distributions is a means of

control. When a distribution remains fixed, two distribu-

tions observedin identical conditions will be different only

if unforeseen factors are introduced into the observation.

Consequently, we could uncover, in the preceding examples:

— a source oferror in the writing of addresses...

— a mechanical deterioration or a lack of quality control for

the machine...

— a modification in living conditions affecting life span....

A concentration (C) enables us to calculate numbers

(median, medial, fractile) which are summary valuesof the

series being studied and allow comparisonswith otherseries.

The comparison of concentrations, by superimposition

on the same drawing (see figure 14, page 111), permits us

to class several series reciprocally and rearrange them into

groups of similarseries.

A frequency calculation also makes series comparable.
The comparison of several distributions is possible only

if they involve the same numberof observations (which1s

rarely the case) or if they are reduced to a commontotal

(see page 247). We can choose asa total 1, 100, or 1000.

The absolute numbers of observations per class are then

expressed as frequencies per 1, per 100, per 1000, and are

all comparable. The term “absolute frequency” is sometimes

used to denote the absolute numberof observationsperclass,

in a distribution. In this case, the frequency per 100 is called

“relative frequency.”
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THE GRAPHIC CALCULATION OF

SEVERAL SUMMARY VALUES

Summaryvaluesare the only meansofintroducing a diagram

into a universal system of comparison(see page 173).

Mean

Total numberof units (no. of households, cm of twine)
 

Total numberof observations (villages, pupils)

Total number of households
 

Total numberofvillages

_ Total length of twine _ 7,680 = 192 (cm/pupil)

Total numberof pupils 40
 

In the distribution (D), the mean is in the fourth class (150—

200). Mean class = 4.

Median

= numberof units (no. of households, cm of twine) at the

point where half of the observations (villages, pupils

have been classed

= numberof householdsat the halfway point (20) of the vil-

lages classed

= amountof twine held by thefirst half of pupils classed

= 1460, that is, 18%

In the distribution (D), the median (18%)is in the third class

(100-150). Median class = 3.

First quartile. Number of units contained in the first quarter

of the observationsclassed.

First decile. Number of units contained in the first tenth of

the observations classed.

Medial
= number of observations (villages, pupils as classed)

grouping half of the units (households, twine)

numberof villages containing half of the households

numberof pupils holding half of the twine

= 33, that is, 81%.

In the distribution (D), the medial is in the fifth class (200-—

250). Medial class = 5.

Mode

Class of maximum frequency. Modalclass = 2.
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HISTOGRAM, POLYGON, CURVE

These are three forms of representation which are applica-

ble to repartitions, distributions, concentrations, and various

other constructions.

The term histogram applies to a graphic composed of

rectangles (columns), which are juxtaposed in such a way

that the area of each rectangle andthe total area of all the

rectangles are meaningful. In other words, the product of

QI X Q2 is meaningful. It can represent either the actual

total (number of households) or the number of calculated

units (number of meters of twine) in repartitions and other

constructions (figure 3). The product can also represent the

number of observations (villages, pupils) in distributions

(figure 2).

The histogram is the safest type of graphic and the easiest

to apply when the classes are represented on a coordinate

axis by segments ofa straight line.

The straight lines linking the midpoints of each succes-

sive category in a diagram form a polygon.It can either be

constructed directly (see figure 5, page 206), or from a his-

togram, as in figures 4 and 5 here. Its form is simpler than

that of the histogram,thusfavoring perception and fostering

the superimposition of several constructions which remain

legible and separable.
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A line linking the midpoints of each successive category

in a diagram with minimum inflection is a curve.It is the

goal of any graphic representation by class: reconstruction

of a series by element (figures 6 and 7). It can be drawn

from the midpoints of a polygon(see figure 6, page 206), or

directly from a histogram.

The drawing operation is relatively delicate and must

fulfill two conditions (figure 8):

(1) have a maximum radiusof curvature;

(2) eliminate from each rectangle of the histogram an

exterior area (E) equal to the interior area which is added

(A); that 1s, the curve must “subtend” the same area as the

histogram.

The histogram, the polygon, and the curverepresentthree

levels of a bidimensionalrelationship. The histogram most

closely conforms to the objective conditions of a particu-

lar experience. At the other extreme, the curve eliminates

classes, which vary from one experience to another, and

tends to generalize the relationship to include all possible

experiences. These three terms cannot designate specific

constructions. Rather, we will speak of repartition histo-

grams, distribution histograms, etc., reserving the term his-

togram on its own for constructions such asfigure 3, which

are neither one nor the other. The same will hold true for

polygons and curves.



CONSTRUCTION OF A DISTRIBUTION

A “distribution” (that is, a distribution of the observations

along the scale of the quantities) is possible only whenitis

based on equalclasses. In order to constructit, several pre-

cautions should be taken. Thus:

Figure 10 (classes and quantities per class) is poor. The

area of the rectangle is meaningless (Q of villages x dif-

ference between largest and smallest village in each class).

Figure 11, which aligns all the villages (by accumulat-

ing the quantities of villages per class), forms a repartition

polygon.

A distribution can be constructed in three ways:
By calculation of the number of observations in classes

equalto a unit class, which meanssetting up the table below.

The smallest class of the information (here fifty) will gen-

erally be chosenasthe unitclass:
 

    

Number Q ofvillages Q ofvillages
Classes Difference of intervals per class per equalclasses

Q- 49 50 1 6 6:16
50- 99 50 1 9 9:1-9

100-249} 150 3 18 18:3-6
250-499] 250 5 4 4:3- 0,8
500-950} 450 9 3 3:9 -0,3    

This table permits us to draw a distribution histogram (figure

2 or figure 9 on anotherscale). This is the surest method.

By graphic use of the repartition. Here, the repartition his-

togram (figure 1) is constructed from the tables in figures

1 and 2, page 206, and the repartition curve (figure 6) is

derived from it. This curve is then divided into equal classes

(figure 12), and the distribution histogram is drawn(figure

13). This is the most precise method, but it requires a preci-

sion drawing (the distribution in figure 13 is more precise

than thatin figure 14).

By direct drawing. We construct figure 10 and graphically

divide each rectangle by the numberof unit intervals (by

drawing the diagonal of the rectangle, then a horizontalline

from intersection S, as shown in figure 14). This is the most

rapid method.

CONSTRUCTION OF A REPARTITION FROM A

DISTRIBUTION (““CUMULATIVE” CURVE)

Wecan obtain a “CUMULATIVE”diagram from adistri-

bution by operating as in figure 15, where we use the equal

classes established in figure 14. The curve is generally

adopted. It is similar to the “repartition” (figures 6, 11, and

12), but the order of the villages is reversed.

It can be constructed 1n two ways:

Figure 15: Increasing cumulative or “number of observa-

tions smaller than...” or “cumulative less than... .” (How

many villages are there with fewer than 200 households?

Answer27.)

Figure 16: Decreasing cumulative or “number of obser-

vations greater than .. .” or “cumulative more than...

(How manyvillages are there with more than 250 house-

holds? Answer 7.) Here, one reconstructs the repartition

(figure 12).
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QO QQ
Timeseries
(two nonreorderable components)

With this type of problem, obviously simplification cannot

be achieved by reordering either of the components. The

type of graphic adopted will depend upon the intended

function.

INVENTORY

The graphic transcription of two ordered series enables the

reader to read a value on a curve(figure 1), that is, to retran-

scribe one of the correspondences of the relationship into

verbal language. The curve is an inventory and, as such, a

(poor) replacement for the data table. This kind of utiliza-

tion involves elementary reading, and thus the scales must

be detailed (millimetered paper).

PROCESSING

The essential function of diagrams involving two compo-

nents is the reduction of the length of the components by

internal processing (the information will involve three com-

ponents when external comparisonsare envisaged, and the

graphic problem will be different). The reader can lookfor:

Types of structure in the relationship

On the intermediate level of reading, the curve displays parts

whichare similar to each other and whichcan be defined by

shape and “duration.”

For example:

In the price curve (figure 2), parts A (stability), B (crisis

periods), and C (upward movement) can be encountered

several times along the ordered component.

In the yield curve (figure 3): wheat yield in France (1840-

1939; statistics in E. Morice and F. Chartier, Méthodestatis-

tique {Paris: I.N.S.E.E., 1954]), there is a homogeneous

structure.

In the age pyramid(figure4), “low”classes disrupt the continuity.

In the seismographic curve (figure 5), phases A, B, and C

can be detected.

In the land section (figure 6), we discern types of structure:

A (monocline), B (synclinal ridge), C (hills), D (depression),

E (mountain).

In seeking types of structure, the graphic designer can link

all the points together or draw columns.

Comprehensivity is imperative. The acute angles must

remain legible.

Categories in the component O

The reader can attempt to reduce the numberofcategoriesin

the componentO;for example:

Figure 2: reduce the time component to four periods—m,

n, O, p;
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Figure 3: discover three periods m, n, 0 separated by an

indentation defined by the moving (running) average;

Figure 4: see the age pyramid asthree categories of genera-

tions separated by the “low”area;

Figure 5: posit four crisis periods;

Figure 6: define six geographic regions.

Thelevel of the reduction is free, and the numberof group-

ings retained (simplification by smoothing) will depend on

the intended audience.In figure 6, for example, the teacher

may want to define only two typesof relief: mountains (B

+ E) and hills (A + C + D); and five regions (m, n, 0 + p, q,

r). The numberof groupingsresults from a choice.It is here

that we can apply the mathematical processes (See page 170)
of simplification (moving [running] averages, least squares,

periodic functions . . .), which also imply a choice but have

the advantage of a definition which is rigorous and thus

transposable.

A correlation between the two concepts

With overall reading, a curve will highlight the general ten-

dency, which can be meaningful.
Figure 2: prices, all other things being equal (which obvi-

ously remains highly problematical) increase over time.

Figure 3: yield (and here “all other things being equal”can

be meaningful) increases over time, clearly showing the

“progress” of human productivity.

Figure 4: an overall reading producesan evaluation of popu-

lation vitality.

Figure 5: the curve suggests a general tendency toward calm.

Figure 6: here the curve shows the general slope of the

region being considered.

“Clusters” of points favor overall reading, and one should

try to manipulate the scales so that the data fit into a square

with a diagonalof 45 degrees.

MESSAGE

The simplified message, resulting from processing, can be

transcribed by a curve which1s generally superimposed on

the comprehensive information and distinguishedby greater

visibility (a thickerline).



PROCESSING

Intermediate reading
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GRAPHIC PROBLEMS POSED BY TIME SERIES

Scale in years

With a scale in years, a two-yeartotal (figure 1) should be

divided by 2 (figure 2). A total for six months should be

multiplied by 2.

Pointed curves

For overly pointed curves (figure 3), the scale of the Q
should be reduced; optimum angular perceptibility occurs

at around 70 degrees(figure 4).

If the curve is not reducible (large and small variations),

filled columns can be used(figure 5).

Flat curves

For overly flat curves (figure 6), the scale of the Q should be

increased(figure 7).

Small variations
For small variations in relation to the total (figure 8), the

total loses its importance, and the zero point can be elimi-

nated, provided the reader is made awareofthis elimination

(figure 9). The graphic can be interpreted as an acceleration

if a precise study of the variations is necessary; here, we use

a logarithmicscale (figure 10). (See also page 240.)

Large range

For a very large range between the extreme numbers

(figure 11), we musteither:

(1) leave out the smallest variations;

(2) be concerned only with relative differences (logarithmic

scale), without knowing the absolute quantities;
(3) select different parts (periods) within the ordered

component and treat them on different scales above

the commonscale (figure 12).

Obvious periodicity
If there is obvious periodicity (figure 13), and the

study involves a comparison of the phases of each

cycle, it is preferable to break up the cycles in order

to superimpose them (figure 14). A polar construction

can be used, preferably in a spiral shape (figure 15), but

we should not begin with too small a circle. As striking as

it seems,it is less efficient than an orthogonal construction.

Annual curves

For annual curves of rainfall or temperature, if a cycle has

two phases(figure 17), why depict only one (figure 16)?
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Unlike what we see in figure 18, the pertinent or “new TONNAGE At ENTREE

 
 
 
 
 

     

information must be separated from the background or 500 TTI

“reference” information. The background involves: (a) the e LIN

invariant, highlighted by a heading (Port St. Michel); (b) the z
highly visible identification of each component(tonnage and - .    
dates). The new information (the curve) must stand out from

the background(figure 19).
   

Reference points

It is impossible to utilize a graphic such as figure 20, except

in a general manner. There is confusion concerning the posi-

tion of the points, and no potential comparisonis possible,

as it is in figure 21.

Precision reading

A precision reading (utilization on the elementary level, as

in figure 24) is difficult in figure 22, which results in a poor

reading of the order of the points, and in figure 23, where

there is ambiguity concerning the position of the points.

On the other hand, figure 22 does favor overall vision

(correlation).   

Null boxes

Curves accommodate null boxes poorly (figure 25). Columns

(figure 26) are preferable.      
Unknownboxes

The drawing must indicate the unknowns of the informa-

tion in an unambiguous way (figures 28 and 30).The reader

might interpret figure 27 as a changein the structure of the

curve and figure 29 as involving null values.

  

 
 Very small quantities

Except in seeking a correlation (quite improbable here) the

numberof ships entering into a port is represented better by

figure 33 than by figures 31 or 32. The reader can perceive

the numerical valuesatfirst glance.

  

    Positive-negative variation

This is in fact a problem involving three components O,Q,

~ (+ -), and it must be visually treated as such. Figure 34

can be improvedby utilizing a retinal variable (in figure 35

a value difference: black—white) to differentiate the ~ com-

ponentand thus highlight positive-negative variation.

  

  

 

     
 

215



  

      

 

 

 

 
 

 

   
 

        

216

Overall reading.

Figure 1: Should the graphic appear as in A or B? With a

time curve, A is preferable; with an IQ test, B would bepref-

erable. Given that lateral discrimination is more developed

than vertical discrimination (due to the muscular develop-

mentof the eye, the habit of panoramic vision), we should

affiliate the more familiar component (time, for example)

with the easiest perception, and conversely the component

which is less familiar (socioprofessional groups, the test

elements) with the type of perception which requires more

attention, more concentration. This favors assimilation of

the figurative “profiles,” instead of already known reference

points (such as dates overtime).

Figure 2: “Envelopes” permit us to discover and display the

general trend of the curve—asight drawing is most often

sufficient here, as it is in the following cases.

Figure 3: A cluster of points can be “enveloped,” in which

case the axis of the envelope and the axis of the line of

points (which can be different) suggest the overall trend.

Figure 4: The simplification obtained by taking the center

of each element on the curve showsthe sequenceof possible

levels. This always aims at approximating a straightline.

Figure 5: The graphic calculation of a centered moving

(running) average, over seven years. With transparent mate-

rial, one cuts out the form (C), whose width (DE) is equal

to that of seven columns(years); then one movesit onto the

curve, and, column by column,oneseeksto equalize areas

A and B. Finally, one plots the average level in the central

slot.

In summary

 

 

Elementary Perception of differences. Graphic
reading. | calculation of moving averages.

AY Precision inventory.

Elementary and
intermediate levels.

Precise structure of the curve.
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B. Diagramsinvolving three components

Information having three components excludes systematic

comparison with any external information entailing the

introduction of additional componentsinto the problem. An

image will accommodate only three components. All the

following problems can be constructed as a single image,

and, as such, are capable of visual retention.

The display below (figure 7) recapitulates the principal

constructions whichare possible. The standard construction

© O
W
0
0

generally suits all problems involving three extensive (long)

components. In this case, the principle of three-component

diagonalization (page 169) can be applied, wheneverone or

several reorderable components (*) are encountered.

The special cases result from the notion of a continuum,or

from the presence of limited (short) ~ components.

The construction of a collection of two-dimensional profiles

leads to the perception of the information acrossseveral images.
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Nonquantitative problems

Axe
Example: Cards andfiles

The composition of a file 1s an application of the laws of

visual perception to problemsofclassification.

The simple inscription of a series of data is morelogically

accomplished by using two dimensions (figure 2) than a

linear order (figure 1). For extensive and sometimes unlim-

ited series, the double-entry table must give way to a FILE

(figure 3).

THE FILE IS A MEMORY BANK

The composition ofa file is governed bythe notionthata file

is first of all a memory bank, which uses knownspecifica-

tions to arrive at ones which are unknown. This means,for

example, using a knownplace, period, and subject matter

to discover an author’s name. An author’s nameis merely a

position, in the alphabetic order, discovered by the coinci-

dence ofpositions which are known from otherorders.

In composing a card, we must consider the collection of

cards, since, at the time they are used, the researcher must

explore at least two and more often three or four different

series of specifications before being able to concentrate on a

single card. From a practical point of view,a card is not a set

of information, but the convergence ofseveralsets at a single

point.

Research proceedsby using successive sets
This means consulting different series of cards, within a

type of specification (time, for example). Within the tempo-
ral order, one needsto refer to a precise date. It is therefore

importantthat all the dates be easily identifiable during this

research, that attention can be concentrated on them alone,

and that they can be visually selected. The same1s true for

each series of specifications(figure 5).

Since spatial selection is by far the best and easiest to

achieve, we arrive at the following fundamental principle:

A type of specification must always be in the same place

from one card to another(figure 4).

The spatial organization of the card, particularly refined

for computer usage, varies according to the numberof speci-

fications, the numberandnature of combinations,the length

of the series, and the type of processing envisaged.

At the outset, a FILE is a graphic problem involving three

components:

~ different objects

~ different types of specifications (date, place, subject

matter, ...)

# different specifications

When wehave determined the arrangementof the types

of specifications on the card, they become ordered. Later,

when the collection of cards is ordered according to a

type of specification (time, for example) the file becomes a
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construction OQ.
Onthe vertical dimension (collection of cards), any speci-

fication is capable of ordering or classing the entire collec-

tion. This is the first order of classing (figure 5). Classings

of second, third and fourth order, or subclassings, are bor-

rowed from various other specifications.

Examples of use are given in figures 8 and 9. Note that

files which are organized spatially need no supplementary

inscription (or heading) in order to be introduced into any

classing whatsoever. It is sufficient to compose the record

once and to reproduceit mechanically. The card (figure 4)

can be introducedinto all three file drawers in figure5.



THE CARD IS A STATISTICAL ELEMENT

Any card can be considered as a statistical element (an

object, an individual) possessing certain characteristics. We

can thus count the cards by category of characteristics (by

category of socioprofessional specification, for example;

or by classes of an ordered sequence: age group) and can

proceedwith all the correlative studies afforded by the char-

acteristics being analyzed (figure 10).

Such a countingis facilitated by the marginal perforation

card (figure 6). A series of perforated places are reserved for

given specifications (geographic specification, for example),

and each perforation corresponds to a category (a depart-

ment). When a given department is involved, we punch the

corresponding hole on each card to makeitinto a slot. A rod,

slipped into this hole for the entire collection of cards, frees

the cards corresponding to that department and retains the

other cards.
However, the numberof possible perforations is limited.

A substantial increase in the numberof holes is obtained by

using the entire area of the card, whichleadsto a perforated

card, as in figure 7. It is readable, sortable by electronic

systems, and can accommodate very extensive, precisely

categorized series.

DESCRIPTIVE CARDS, ANALYTIC CARDS

All these cards are descriptive, that 1s, one card exists per

object or individual; the collection of data relative to a given

specification (to one characteristic) necessitates the collec-

tion of cards.

Because of the precision of spatial identification, such

that 1000 to 10 000 numberedholescan be entered on each

card, we can invert the problem and establish a card per

specification (per characteristic), each hole being reserved

for a given object or individual. This is an analytic card,

which furnishes immediately the numberof holes (that is,

of objects or individuals) corresponding to a given specifi-

cation. The superimposition of four cards (for example, the

department of Nord—price—wheat—1960) furnishes all the

documentspertaining directly to this problem.

These documents correspond to the spaces which are

punched on the four cards and which are immediately

visible by transparency (“Selecto” system).

The decentralized documentation of tomorrow will be

based either on series of descriptive cards, recorded on mag-

netic storage, or on series of analytic cards, which we can

now foresee as capable of containing more than 100 thou-

sand objects each.

The great problem with this documentation is not the

number of documents, but the constitution of a code of

analysis, which must reflect a fundamental logic, applica-

ble by anyone(researchers, authors, analysts, . . .) whatever

the research subject and whatever the sign-system (verbal,

written, graphic, photographic, cinematic, . . .) in which

information is recorded.

 

    

   
 

 

   

  

   
 

     

LARISSA |77%, |Monnases $36B

lieu date fait ou personnage référence

8

Bibliographical card
(after an historical study on Thessaly)

SORRE GEOGRAPMIE 1925 |MEXtQue
am.

|___auteur -principale matiére __|date et lieu décrits
GEOGRAPHIE UNIVERSELLETAYA.15.2}.3 AEOe 1928
AMERIQUE CENTRALE.

date de
_—c ote.> titre. publication—

Geoarophia generale

la Metslarnrnane américaine.
le Mexsque , 1A merigue cenhale, /ee AntiHeo

analyse

A.Cobn, Fern .
Geoyraptat Univenrel. + Yh. (Vda Each, ef 4atlois)
/n a 234 p. Carte, ot phkolopoldhia .

9 Editeur - Publication - format - pages - figures -

Descriptive library card

of F “ans Ge Mac a main SO

age ) , tant
profession domicile objet volé monn

-— sexe du vol—

nom

adresse

10    
Research card

(After V.V. Stanciu, study of theft in department stores)

This type of card displays the data for numerous “contingency tables”
(see page 227)
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Three nonquantitative components

First example

Take the following information from the linguistics thesis

of B. Quemada (“Le Commerce amoureux dansles romans

mondains, 1640-1670” [Diss.: Université de Paris, 1949],

quoted by G. Matoré in La Méthode en lexicologie [Paris:

Didier, 1953], p. 85).

Let us look at the frequency of words selected from the

“gallant” vocabulary of several seventeenth-century writers.

Word frequency is determined approximately, not quantita-

tively; it simply involves three ordered categories:

frequent use (in black)

rare use (in gray)

exceptional or nonexistent use (in white).

This is an example of ordered evaluation. The problem can

be considered in the following three ways:

#~ # QO (figure 1). Authors and words are merely consid-

ered as different and are thus reorderable according to their

general frequency as determined by adding each column.

To add nonquantitative evaluations, we give black a numeri-

cal value of 2, gray a value of 1. The total numbers merely

establish an order.

The figure which is obtained shows the familiarity of

certain words and suggests the richness of the different
authors’ vocabulary. Since the whole is ordered according

to these two concepts,it is possible to group authorsby type

of vocabulary, and wordsbytype of author.
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#~ O O (figure 2). The words are still considered as merely

different and reorderable accordingto their total frequency,

but the authors are ordered over time (for example, by birth-

dates or by dates of works studied), with time running here

from bottom to top. The interpretation of the image thus

suggests literary “fashion” according to different periods.
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O O O (figure 3). Words and authors are considered as

ordered, the authors over time, the words according to ana

priori evaluation of their expressive power.

By using the temporal order we discover periods where

certain wordsare most often used, and whentheir frequency

diminishes. Thus the evolution in the meanings of the words

and the stages of their disappearance emerge.

Obviously, the results would be even more interesting if

words, and especially works and authors, were more numer-

ous; this example is no more than a demonstration of meth-

odology. Modern linguistics, incidentally, goes beyond the

stage of graphic representation andestablishes correlations

by automated means, but the basic principles remain the

same.
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Economie malthusianism
Artisanlike conservatism
Financial prudence
Faith in legalism

Parliamentary constitutionalism

Demographic malthusianism
Propensity toward popular luxuries
Support of lower administration
Industrialism

Faith in technique

Faith in science
Pacifism

Socialist code
Lay philosophy
Ideological faith 

 
Authoritarian constitutionalism

Spirit of the barricades
 a

° /- option

for+ im
O +— +»change

against
party

Second example
#~ O O (figure 4). Consider the dominant characteristics of

five French political tendencies in 1956 (after C. Morazé,

Les Francais et la République [Paris: A. Colin, 1956]).

Three components:

* characteristics

O political tendencies

O evaluation on four levels: two “pro” (black and gray), a

“changing”level (arrows), a ‘“‘con” level (white).

Ordering permits us to class the characteristics, thereby

defining the right and the left. As for the center, here is the

commentary of C. Morazé: “Byits very nature the Centeris

subject to changes of opinion on mostessential points. These

changes makefor the possibility of governmental evolution

and may occureither within one of the Centerparties or by

the replacement of one Center party by another.”’*

*Quotations and terms on figure 4 from translation of Morazé’s book by Jean-

Jacques Demorest, The French and the Republic (Ithaca, N.Y.: Cornell University

Press, 1958), p.79 (translator’s note).
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Third example

*~ OO (figure 1). The diagram representing “universal com-

mercial history” (by William Playfair in An Inquiry into the

Permanent Causes of the Decline and the Fall of Power-

ful and Wealthy Nations {[London: Greenland and Norris,

1805]), heralds the era of historical “synoptics.”

The three components are geographic regions ~ consid-

ered as reorderable, the temporal order O, and a nonquan-

titative evaluation of relative importance O. The timescale

varies according to historical knowledge; hence the divisions

are larger for A.D. dates than for those B.C. Note the com-

plete omission of information on the Asiatic powers, and the

relative unimportance accorded to Muslim commercein the

later time periods.

The question—should nonquantitative data be represented

graphically?—-can be answeredaffirmatively whenever the

author judges that he or she is the foremost expert for the

question being studied. In this case it 1s the author’s duty

to deployall his or her knowledge, including an evaluation

of the general tendency, which has emerged progressively

through dint of work and constitutes new information. The

reader must simply be warned of the approximate and thus

modifiable nature of these evaluations if a detailed reading

is to be undertaken.
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Fourth example

#~ O O (figure 2). The same type of representation can be

used in any historical problem when, in the absence of

quantitative data, the author acquires a highly probable
knowledge of the relative importance of the phenomena

being studied. Figure 2 shows a nonquantitative evaluation

of mining activity (after D. Kovacevic, “Les Mines d’or et

d’argent en Serbie et en Bosnie,’ Annales 5, no. 2 [1960]:

248-258). It completes the diagram in figure 2 on page 198,

in which the mines were ordered according to the date of

their initial activity.

° ORDER
Known period ofactivity f Of of importance

for mines in Serbia PLACES #
or Bosnia (.) .© DATES

BELO BRDO
RUDISTA
KRUPANJ
(*) DEZEVICE
LIVADJE
ZAPLANINE
(*) OLOVO
(°) KRESEVO
(*) BUSOVACA
CRNCA
(¢) FOUNICA
(*) SREBRENICA
KRATOVO
ZELEZNICK
(¢) OSTRUZNICA
KOPORICI
PLANA
NOVO BRDO
LIPNIK
ROGOZNO
JANJEVO
TREPCA
RUDNIK
BRSKOVO
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2. A quantitative component

Weshall draw a distinction between:

contingency tables, which divide a set according to two

components, Q # #;

comparisons of time series, based on a common order,

# QO (figure 3);

And comparisonsof repartitions, distributions, or concen-

trations, ¥ QO (Q >).

Q4#4 Q40 QOO
Contingency tables

In the analysis of a sociological survey a group of inter-

viewed personsis divided according to two types of obser-

vation, which, along with the quantities, will produce a

problem involving three components:

INVARIANT -—persons interviewed

COMPONENTS —Q ofpersons according to

—Ofour age-classes

—five circumstancesofvisiting cafés (for

business, with family, with friends . . .)

Calculation permits us to reduce the information to a

series of percentages by age-class. What information can be

obtained from figure 4? We find that three circumstances

are alwaysat the top: for business, with friends, before meal.

The totals convey this already. We also see that the item

“after show”is last in three age-classes. This is anecdotal

information. Questions of an intermediate or overall level

are not answerable. .

The standard construction (figure 5) permits a full exploi-

tation of the information and indicates, in addition to what

wejust saw,that:

— the strongest “before meal” tendency correspondsto the

21-30 age-class and that this type of visit decreases regu-

larly with age;

— the sameis true for those who goto a café “with family,”

and the presence of relatives producesa variant;

— there is a slight tendency toward youth and toward the

31-40 age-class among those whogo to a café “after show

or game’;

— business cafés have a majority clientele around 41-50

years, all other things being equal;

— the older one gets, the more one tendsto go to a café “with

friends”;

— it is possible to class the visits as a function of age, which

orders the figure, and thus justifies the categories defined

at the outset.
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GRAPHIC PROCESSING OF CONTINGENCY
TABLES

A defined set of objects or individuals, divided simultane-

ously by two intersecting components, producesa “crossed”

data table or “contingency table” (figure 5). It enables us to

perceive the information asa totality (rather than by succes-

sive divisions).

Two successive divisions
Imagine 100 persons, divided first by age-class: “30 years

older” = 60 persons, “20-29” = 20 persons; “younger than

20 years” = 20 persons. From this we derive figure 1. The

persons are then divided according to three favorite games:

“tennis” = 20 persons;“cards” = 10 persons; “football” = 70

persons, from which wederivefigure 2.

These divisions show that “on the whole” the popula-

tion includes a majority of “older than 30” whopreferfoot-

ball, but such information doesnottell us who plays cards:

those older than 30, or those younger than 20? Whoplays

tennis?...

Proportional (“expected”) distributions

We can only establish a distribution of the players (a possible

but not probable construction) according to what we know

abouttheir distribution by age.

The twenty players are thus divided in the proportion of

60% to 20% to 20%,thatis, “older than 30” = 12 persons;

“20-29” = 4 persons; “younger than 20” = 4 persons. The

same procedureis applied to the other games. Wecan plot

this result (figure 3) and representit as a table (figure 4). We

see that this expected distribution is obtained for each box

(cell) by multiplying the two correspondingtotals and divid-

ing by the general total (here 100), assuming independence

of the two components. For example:

60 X 20 |
100

In fact, this table tells us nothing that we do not already

know:distribution by age in the proportion 60 : 20 : 20, and

by gamein the proportion 70 : 20: 10.

12 

Theintersection of the two components

Individual surveys should show to what degree the studied

categories will cause a distortion of the expected distribu-

tion with respect to the observed distribution, assuming
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independence of the components. This distortion 1s seen as

an interaction between the components. For example, in the

illustration above, we suspect that age favors certain games,

youth others. But which gamesand in what proportions?

Suppose that the individual questionnaires result in the

table in figure 5. What we need to know is the difference

between figure 4 andfigure 5.

The tendency

In addition to the observed groups, provided by the totals

(which can vary fromone surveyto another), this difference

gives us the general tendency resulting from a comparison

of the concept “game”’ with the concept“age.” This tendency

can be a constant.

In any case,the tendency is independentofthe total groups

observed. The differences, calculatedin figure 6, are carried

forward to figure 7. The table in figure 7 shows (according

to the information in figure 5) that the tendency1s to play

football more when one is younger than 20 and cards more

whenoneis older than 30.

Diagonalization favors the recording of this result (figure

8) by ordering the games (#) according to age (O). When

one uses the age order to look at the games,the latter are

ordered in the sequence football, tennis, cards. This is a

general result, independent of the total quantities per class

and of the contingenciesof the survey.

Calculation of the tendency

This general tendency can vary from one gameto another,

from one age to another, from one survey to another. The

absolute differences (+4, +2, +3) are not comparable given

that they come from unequal groups of individuals. These

differences are meaningful only if they express a certain

percentage of distortion, in relation to the expected distribu-

tion (figures 4 and 9). Thus we are looking at a difference

of four football players in relation to fourteen, of two tennis

players in relation to four,etc.

It is sufficient to set up these relations as in figure !0 in

order to calculate the percentage of distortion (figure 11). It

can be interpreted, as shown in figure 12, in the following

manner: We observe 128 football players younger than 20,

whereas we would expect 100 football players younger than

20 from a calculation based on the expected distribution

of the set being analyzed. This calculation makesall the

surveys comparable.

(4) (5)
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Rapid determination of the general tendency

It is possible to discover the tendency rapidly, and thus to

order a reorderable component, without undertakinga cal-

culation of the expecteddistribution. In fact, a contingency

table can be interpreted as a comparison of several sets: in

figure 13, for example, as a comparisonofthe set “older than

30 years”to the set “20-29 years”andthe set “younger than

20” on the subject of games (we can then speak of subsets).

For the three distributions to be comparable they must

have equal or equalized totals. When eachof the three sets

is related to a total of 100, we obtain the table in figure 14.

The numbersno longerrepresent real values or individuals,

but frequencies, that is, the measurement of a characteris-

tic belonging to eachset of individuals defined by eachcell.

Thus, they provide an answerfor the question: “Which of

the three age-sets displays the highest frequency of tennis

players, that is, the strongest tendency toward this game?”

Answer: the highest frequency is 30, which is that of the

“20-29 year olds.”

Whenwecalculate horizontal (row) percentages, thus

forming sets which are comparable vertically, it is suf-

ficient to circle the highest frequency in each vertical

column. This frequency indicates the strongest tendency

(figure 15). It also serves as a basis for the diagonalization

(figure 16) and ordering of the games. The order discov-

ered in figure 8 is obtained much morerapidly here.

Obviously the result is similar if we calculate vertical

(column) percentages, thus forming sets which are compa-

rable horizontally (figure 17). The question: “Which of the

three sets of players displays the highest frequency of indi-

viduals of age “20-29,” gives the answer 30, that is, the set

of tennis players. Diagonalization achieves the sameresult

(figure 18). See the applications of these procedures on

pages 226 and 259.
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THE GRAPHIC REPRESENTATION OF
CONTINGENCY TABLES

Consider (after an unpublished study by V. V. Stanciu on

theft in departmentstores) the distribution of thefts accord-

ing to amountof theft and age of delinquent.

INVARIANT —departmentstore delinquency

COMPONENTS —Q ofdelinquents according to

—O age-classes

—O classes ofamountoftheft

The numbersare the following:
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© O77» AMOUNT OF THEFT

Transformed into percentages(figure 1), the numbers can

lead to a rapid determination of the general tendency accord-

ing to the method outlined on page 225. This producestable

A and its graphic transcription B (see also page 37).

But can werepresentthe entire content of the information

as a Single image, which would permit:

— comparing various subsets with each other;

— perceiving the tendency,thatis, the difference between the

observeddistribution and the expected distribution;

— perceiving the absolute quantities?

Comparison of subsets: percentages

The table in figure 1, given in percentages, establishes hor-

izontal subsets of 100 persons per age-class, in which we

observethe categoriesoftheft.

It also permits us to construct a proportional (expected)

distribution (figure 3), that is, the overall percentage E,all

ages combined.

Finally, it allows us to construct figure 4, that is, the

observed distribution. Each horizontal rectangle is equal to

100 persons per age-class, who are distributed horizontally

according to the classes of theft. Since these are no longer

aligned, a differential component(value, shape, texture) is

necessary for their identification.

Although striking, the difference between figure 3 and

figure 4 is difficult to interpret. To facilitate interpretation

it would be necessary to superimpose the two images,rect-

angle by rectangle. This can be achieved by aligning the

rectangles (figure 5). It is then possible to superimposethe

already aligned rectangles from figure 3 onto figure 5, and

weobtain figure 6, in which the positive differences (residu-

als) are shadedin black,the negative ones denoted by dotting.

Tendency(deviation from the mean)

The diagram in figure 6 represents, per 100 persons by

age-class:

— the numberof personsperclass of theft;

— the distortion or exceeding of this number (in black) in

relation to the numberobserved for 100 personsinall.

This excess is the deviation due to age, in relation to a

distribution which ignores age: the mean distribution, all

ages combined. Wesee this represented in figure B (with

the extension of black to the entire rectangle).

The deviation, which expresses the general tendency,itself

independent, as we have seen, of the absolute numbers and

the contingencies of the survey, can be derived from figure

6, producing a representation such as figure 7, in which the

common base (the mean distribution) has been eliminated.

Positive and negative deviations can figure on the sameside

of a line, provided they are highly differentiated (black and

white).

Such a representation is utilized on page 230 to determine

a tendency andorder for the eighty wardsin Paris, accord-

ing to the socioprofessional categories of the inhabitants.
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The representation of percentages and absolute

quantities

Up to now,the absolute quantities have not been represented.

However, they are useful in showing, for example, that

those “older than 60” are not very numerous: four; whereas

the “13-17 year olds” constitute the majority: 208. This is

what appears on the table in figure 8; it can be represented

graphically as in figure A or in the inefficient construction

in figure 9.

The horizontal (row) totals can produce an expected dis-

tribution by age(all categories of theft combined), as shown

by the horizontal lines in figure 10. Thus we transform the

equal subsets of figure 4 from page 226 into subsets which

are proportionalto the total quantities.

Therefore, taking figures 4—7 from page 226,it is suffi-

cient to give each horizontal subset a height proportional to

the row totals in order that the areas represent the absolute

quantities. Such is the case in figures 11-14.

The overall image
The areas of the rectangles in the diagram in figure 10

display the proportional distribution of the whole in absolute

quantities. The areas in the diagram in figure 1] depict the

observed distribution in absolute quantities.

The superimposition of these areas (figure 13) displays,

rectangle by rectangle and in absolute quantities, the differ-

ence between the two: the tendency.

Studied Jinearly, on the horizontal scale alone, figure 13,

like figure 6, page 226, showsthe percentages, that 1s, per

100 persons by age-class:

— the numberofpersonsperclass of theft

— the deviation in black from the mean amountoftheft (all

ages combined) due to age.

Thus, the imagein figure 13 resolves the problem posed on

the preceding page.

Figure 14 is analogousto figure 7 on page 226,butit also

depicts the deviations in absolute quantities.
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GRAPHIC PROCESSING BY MATRIX

Example: Socioprofessional tendency of Paris wards (1954

census) (information obtained from Germaine Belleville,

Morphologie de la population active a Paris (Paris: A.

Colin, 1962).

Componentsof the information:

Q of working population according to

~ eighty different wards (geographic component)

~ nine socioprofessional categories (one of which is

““miscellaneous’’)

The total working population is divided by two intersecting

components: wards and socioprofessional categories.

It forms a contingency table which canbeinterpreted as a

comparison of eighty geographic subsets. However, a length

of eighty prohibits a rapid determination of the tendency.

The processing must be more subtle.

This information describes and characterizes each ward.

It permits us to group them and reduce the geographic
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component from a length of eighty to eight or nine categories.

The character of each ward is evidenced by the differ-

ences whichit displays in relation to the general meanofall

the wards (percentage of Paris itself). It is these differences

whichare calculated. The table opposite (figure 5) gives an

example of the calculations for the Ecole Militaire ward.

These differences are then represented as in figure 7 on

page 226, each ward on a separate card, so that we can

group andclass similar wards.

On the cards, the socioprofessional categories are ordered

according to the principal groupings which evolve from a

rapid preliminary observation. Thus, professionals and

domestics, who seem to be closely linked, have been put

together. The differences are represented proportionately by

a black band (positive differences) or by dashes (negative

differences).

The cardsare filled out according to the administrative

order of the wards.

Classedin this order(see figure 9, page 245), they produce

the image in figure 1, whose oblique forms suggest a

certain relation between the order of the categories and the

 

 

 

 
 

   
administrative order. Since we knowthatthe latter traces a

geographicspiral, the oblique forms already bear evidence

of radiating groups.

Classed by similarity, relying especially on the positive

differences (in black), the cards produce figure 2, which can

then be simplified by a reclassing of the socioprofessional

categories. Practically speaking, one cuts up a photograph

of figure 2 by columns, which are then permuted.

The “miscellaneous” professions, which do not seem

to fit into the general picture, are excluded from the

diagonalization.

Thus we obtain the image in figure 3, which has the sim-

plest possible visual form. It indicates the most significant

groupings resulting from the given information and consti-

tuting its originality. These groupings (whose number can

be selected by the researcher) are defined by horizontal sec-

tions and can be mapped(figure 4).
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SPECIAL CASE # 3
TRIANGULAR CONSTRUCTION

A triangular construction (figure 1) is applicable when-

ever there is a component whose length is 3 and where

the total of the Q is meaningful. Percentages must be

calculated.

This type of graphic is used for internal processing and

permits the length of the # components to be “reduced.”

Consider the following example (after G. Th. Guilbaud,

“Méthode d’analyse sommaire de la structure démographique,’

Economie et humanisme, [1946]: 515-525).

Q of population, in percent per age-group, in 1936, accord-

ing to

~ various countries

~ three age-groups (J, young: younger than 20 years; A,

adult; V, elderly: older than 60 years).

Problemsoflegibility

Note that the pertinent triangle (figure 2) can be cut out from

the total triangle (figure 1), which is numbered from 0 to

100%, in order enlarge the scale.

approximately) with Japan as an example; another to a small

proportion (30% approximately) with France as an example;

a third being intermediate.”

Determination of groupings

Reduction of the extensive componentraises the problem

of different possible groupings. Three cases can discerned:

(1) Groups form themselves, with no ambiguity, as in figure

3. These are the groupsthat are retained.

(2) Groups are formed, but certain points imply a choice

between two neighboring groups. In order to assign these

points to a given group, we must rely on complementary

information: for example, a department having an ambigu-

Ous position in the triangle will be assigned to the group

whichis closest geographically.

(3) The cluster displays no groupings. In this case werely

uniquely on the numbers and define groups geometrically,

by drawingparallel lines from a central pointto the sides of

the triangle (figure 4). This center correspondsto the general

mean in a departmentalstatistic, for example, to the percent-

ages for the whole of France. Note that this amounts to sym-

metrically cutting out the pertinent triangle centered on the

— The most comprehensible identification consists in defin-

ing the cornersofthe total triangle (numbered 100) and the

heights, rather than thesides.

— for reasons of legibility, we enhance the visibility of the

mean(figure 5). Several cuts are possible:

— from the centerin six or nine categories(figure 6);

— by preserving a “mean”group,that is, by tracing a central

triangle around the mean; this produces seven or ten cat-

points, which are the basis for potential groupings, rather

than the names, which are arranged according to conve-

nience (see figure 2).

Processing and discussion

Reduction of the component # 3: G. Th. Guilbaud (in

“Méthode d’analyse”’) comments on figure 2 in the following

way: “The very elongated form of the cluster is determined
by the proportion of young, which is the main characteristic

in world demography. When this proportion is known, the

two others can be derivedfromit, at least approximately.”
Reduction of the extensive (long) component:

Again we turn to Guilbaud’s commentary: “Within the

area defined by the points, we can distinguish three groups:

one corresponding to a high proportion of young (45%

 

egories(figure 7).

Tolerance zone

A triangular graphic permits us to take certain variations of

percentage into account and define the limit of these varia-

tions. Consider, after Robert Satet and Charles Voraz, Les

Graphiques, moyen de direction des enterprises (Tourcoing:

G. Frére, 1944), the following examples:
— an inventory, according to percentage of raw materials,

products being made,finished products;

—a Selling price, based on percentage of raw materials,

wages, general expenses;

— a profit-bearing weight, based on percentage of fuel, pas-

sengers, Cargo.

 

 

 

   



In each example, the percentage of the three terms cannot

remain rigorously fixed. It can vary according to circum-

stance, period, place, type of aircraft, . . . But we can con-

sider that there is an optimum position, around which the

percentage canstill vary, provided that these variations do

not exceed certain limits defined by experience or by exte-

rior constraints, and beyond which compensation impinges

heavily on the other terms. The limits of each of the terms,

or margins of tolerance, are placed respectively on each of

the three heights of the triangle (figure 8). They allow us to

see immediately:

(1) an increase in the range of one term, making it incompat-

ible with the two others(figures 8 and 9);

(2) the maximum range of a term in relation to the two

others (figure 10);

(3) the tolerance zonesfor the three terms(figures 10 and 11),

and abnormalsituations(figure 12).

(4) if one of the numbersis known(figure 13), it determines

the range within whichthe twootherscan be inscribed.

Extensive ordered component

When an extensive componentis ordered, as with a time

component, for example, a triangular construction generally

leads to a figure such as 14, which shows demographic evo-

lution of a village. (After R. Baehrel, La Basse Provence

rurale {Paris: S.E.V.P.E.N., 1960].)

Analysis of the extensive component permits usto define

different demographic periods. They correspondto different

directions of the drawing.

Introduction of the total or of a new component

A triangular construction (like the constructions # 2, page

250) does not oblige us to utilize a third visual variable,

which canthen represent:

— either total quantities (figure 6, page 115);

— or a fourth component O or Q

(Indeed, nothing prevents us from superimposing onto

figure 14 the population according to years or height of indi-

viduals or harvest value . . . provided that this new compo-

nent relates to the total of the individuals and notto one of

the categories identified by the triangle [mean heightofall

  

 

    

   

the individuals, harvest of the entire village, . . .]);

— or a fourth # component, which permits us to superim-

pose several different series of points, representing, for

example, the demographic evolution of several villages

(see page 265).

Constraints added to a component ~ 3

The burden which the elderly and the young represent for

the work force obviously varies according to the propor-

tion of young, elderly, and adult. But we can agree that the

burdenrepresented by anelderly person is greater than that

represented by a young person.

The variation is therefore asymmetrical. A triangular

graphic permits us to represent this asymmetry and estab-
lish a “chart” of the burdens. According to G. Th. Guilbaud

(“Méthode d’analyse’’), the graphic solution is as follows.

Give, for example, the consumption of an adult a value of

1, of an elderly person a value of 0.8, of a young person a

value of 0.6. This involves constructing a chart indicating

the burden borne by an adult, as a function ofthis fixed

weight and according to the different percentages of adults,

elderly, and young.

Take, for example, a proportion of 55% adult, 15% elderly,

30% young.

Thefifty-five adults support:

— their own consumption ...55 X 1 =55
— plus the consumptionof fifteen elderly persons ... 15 X

0.8 = 12

— plus the consumptionof thirty young... 30 X 0.6 = 18

Thus, the fifty-five adults support the burden of eighty-five

consumptions, and an adult has a burden of 85/55 = 1.54

consumers.

Wecan Say that the burden coefficient (C) = 154%.

On the graphic, all the points corresponding to the same

value of C are on astraight line.

Simple calculations allow us to determine two points for

each one of the characteristic values (150%, 200%, 300%,

400%) of C and draw figure 15. It enables us to compare

several countries, several periods, from the point of view of

the demographic burden incumbenton the workforce.
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Comparison of time series

Consider comparingdifferentstatistical evolutions, during a

commontimeperiod,that is, different data sets O Q where

the ordered time component is commontoall thesets.

In addition to constituting an elementary inventory, the

information has a general objective of reducing the length of

the components,that1s:

— ordering and categorizing the ~ component;

— categorizing the O component according to the informa-

tion being considered.

Consequently, one proceeds to a classing of the curves

by diagonalization, which can determine groupsofparallel

curves and categories of the # component, then to a verti-

cal comparison of the elements of the curves, by addition,

which can determine characteristic periods of the O compo-

nent. How doesone proceed graphically?

O
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JUXTAPOSITION OF THE CURVES

The best means oftreating the # component is through a

series of comparable curves A, B, C,... (figure 1). Here is a

rapid way for ordering them,taking into accountthe overall

correspondences expressed by each curve (and notonly the

two extremedates).

One“blackensin”the highest peaks of the curves (columns

are preferable) up to any horizontal level whatever, which
is determined progressively and should reveal the general

tendency of each curve (which amountsto creating a retinal

visual variation and constructing the information according

to the standard schema). It only remains to class the curves

along a diagonalof “black.” The # componentis classed: C,

A, D, B,. . . (figure 2) and groupingsare possible.
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SUPERIMPOSITION OF THE CURVES 60-

The categorization of the O componentis based on an addi-

tion of elementary vertical coincidences (coincidence of 50-
peaks, of “lows’’) or averages (coincidenceof increases, or

decreases, . . .). The most natural construction is a superim- 454

position of curves. But when the quantities are of a different 3

nature, or simply of a different range, what scales should be

chosen to represent them?
If the choice of scale is considered as“free,” this can lead,

for example, to the diagramsin figures 3 or 4, obtained from atk PO . |

the samestatistics. One can easily imagine the psychologi- P Morente,BL go wt PS
cal impact of each! This example showsthat it is not the 3} hg ! :

numbers but the slope of the curves which mustberig- N
orously represented. Any conscientious designer should 0 eet

realize that the choice is not free and that on the contrary 500b

such problems imply thestrictest rules. |

Take an example involving coal mines at Carmaux

(department of Tarn) and compare:

~ four different units: 0

V value(sale price) of the coal

S salary of the workers, in francs
N numberof workers 400

P production in tons

Q quantities in each category, according to 300 }

O time.
In order to better appreciate the results of the different con- 2 f

structions, the same problem will be treated conjointly for

the iron mines at Ariége (information taken from A. Armen- "°F

gaud, Population de l’Est Aquitain [The Hague: Mouton,

1961]).
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Scales constructedfreely

One generally attempts to relate the curves, while avoiding

a confusing superimposition (for reasonsof legibility). The

reader will deduce a “certain parallelism” of P, N, and S,

in figure 5 as well as in figure 6. If we wish to compare

figures 5 and 6 we note that the magnitude of each varia-

tion escapes us because we cannotsee the base (the zero) of

each curve. The information contained in these diagrams

is reduced to the correspondence among the peaks of the

curves. Any comparison onthe intermediate level is ambig-

uous; it amounts to reading the numbersonthescales.
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By constructing a zero point for each scale, we can perceive

the magnitude of each variation. However, risk of confusion

leads us to separate the curves, and the indication of zero

does not resolve the problem ofscale nor provide a basis for

comparison. Why construct a given curve above or below

another one? The reader will deduce from figure | that S

increases more rapidly than P! And from figure 2 that P and

S are parallel and different from N!
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COMMONBASE: INDEXING

Through indexing, all the elements of a problem can be

made comparable at a given moment, whatever their own

numerical value. All the data points in each series can be

indexed to a specified indexing point and scaled from a base

of 100, according to the formula:

data point at period n
 Index at period n = ;
datum at period i

thatis:

Index n= "x 100
Oi

It is then possible to “describe” the different variations with

numbers, since everyone knows the meaning of 100 and

easily perceives what 80, 760, or any other index represents.

All indices are comparable.

Graphic representation of indices

After the indices have been calculated, we only need to con-

struct an index scale. This is commontoall the curves, and

its drawing is elementary.

Whenthe indices are not calculated, their calculation is

not necessary. In fact, what does indexing mean graphi-

cally? It meansthat all the statistical numbersat instant i

are represented by the same magnitude on paper.In figure

4, for example,if instant i is 1836, the same base point can

represent for Carmaux 20 000 t (P), 300 (N), 1.60 (V),etc.

In order to establish the scales,it is sufficient to makeall

the zeroes coincide on the same horizontal line A, and the

numbers 20 000, 300, 1.60 .. . coincide on the samehori-

zontal line B (figure 3).

 

B 20 000 500 1,60

   3 A 0 0 0)

If one chooses AB = 2 cm,for example, the size of the unit

(or of its multiple) for each scale will equalto:

AB AB AB

20 000 300 1.6

 

   

The scales are inversely proportional to the magnitude of

each variable at the indexing point. Once constructed, these

scales allow us to plot the nonindexed numbersdirectly and

obtain the indexed images,as in figures 4 and 5.
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The indexing point

Indexing is still largely arbitrary, since one can choosethe

indexing point wherever one wishes. Chosen at the outset

(most generally the case), it can lead to figures such as 4

and 5, that is, to amplifications which are erroneousin that

certain factors have been indexed near the momentoftheir

inception. The readerwill note, for example, that from 1860

to 1880 the increase in coal production is muchgreater than
that of iron! The indexing point can also be chosen at the

middle or at the end of the period, or it can be based on the

meanfor several years.
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By extension, it can also be based on the meanforall the

years, which corresponds to equalizing the totals and the

flat areas subtended by each curve. The length of each unit

on paper will be:

AB

mean P

AB

mean V

AB

mean S
   

(which resolves the problem of curves not having a known

value for instant i chosen as index point.) This construction,

figures | and 2, appearsto be the best arithmetic solution for

the superimposition of the curves. It avoids the exaggera-

tions of the preceding solution (page 237).

Furthermore, the notion of a commonbase,easily explain-

able and conceivable for the reader, eliminates any arbitrari-

ness in the choiceofscales.

Its defects are that:

— the point commontoall the curves disappears and along

with it a visual classing of the different series;

— the construction leads to confusion among the curves

towardsthe center of the graphic;

— as with any arithmetic solution, the slopes are not com-

parable; for example, coal production appears to increase

more during the period from 1860 to 1880 than during the

period from 1836 to 1860!

RELATIVE VARIATIONS

The only notion which is comparable amongseriesof differ-

ent units is the slope of the curves.

The most common solution (and the most satisfactory

one) consists therefore in representing not each number but

each change,that is, the ratio between one numberand the



preceding one. This amounts to constructing a permanent

index, and translating into numbers not the quantities of

units, but differences in quantities. This is what is achieved

by a logarithmic scale.

The other elements of the comparison subsist in this solu-

tion—comparison of the peaks, comparison of the precise

structure of the curves. A “rereading”of the data 1s possible,

if one graduatesthe scale in sufficient detail, but it should be

stated clearly that this is not the purpose of a graphic repre-

sentation, which can never succeed in duplicating the preci-

sion of the data table. Only the “volume” represented by a

series (whether it involves tens of tons or millions of tons)

is not spatially visible. But this can be rectified by placing

several reference numbersnearthe letters identifying each

curve and repeating them onbothsides of the diagram.

When constructed on a logarithmic scale (figure 3), the

series related to coal and iron give us the most useful curves.

All the slopes being comparable, one can easily assess the
parallelism of the two curves,eitherin detail, or over a period,

or on the whole. The “smoothing lines” (the straight lines

drawn to emphasize tendencies) are comparable and even

measurable, through the scale of the decennial variations.

No ambiguity persists. The relevance of the observations

based on the preceding constructions can be rigorously

commented uponhere; we can speak with certainty of two

very different evolutions and define all their aspects. Finally,

the complementary information in figure 4 (whose purpose

would have been difficult to understand in relation to the

preceding constructions) now acquiresits full explanatory

value.
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DOUBLE LOGARITHMIC PAPER1 LOGARITHMIC PAPER 2

At equal distances (arithmetic progression),

we record the terms of a geometric progression,i.e.

the preceding term multiplied by a set numberor base.

To aid reading, we mark the scale
| in decimal divisions

64—(32x2 )     

  

 

   
32 --(16x2

16 —( 8x2)

 

  
—(4x2)  

 

4—(2x2)

 

   

 

2---(2x1
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LOGARITHMIC CURVES

Terminology

Our analysis of the visual variables led us to consider the

plane as having two homogeneous and independent dimen-

sions. Consequently, we will speak of a logarithmic diagram

whenthe logarithmic scale involves one planar dimension

(the other being arithmetic), as in figure 1, and of a double

logarithmic diagram whenthe logarithmic scale involves

both planar dimensions,asin figure 2.

Construction of a logarithmic scale

The principle of this construction is summarized in figure

3, which displays the various properties of logarithms. For

example, in order to multiply a numberby2, it is sufficient

to add length ABto it. In order to multiply it by 3, we add

length ACto it. In order to divide it by 1.5, we simply take

away length AD from it.

Modification a logarithmicscale

One cannot move(translate) the numbers along a logarith-

mic scale, as in figure 5, without destroying its fundamental

properties, but one can multiply them by a constant number

(figure 4).

Scale Scale x 10

8 =4x2 80 = 40 X 2
4 =2xX2 40 =20 x2
2 =1x2 20 =-10x2
] 10

 



A logarithmic scale has no zero

In an arithmetic scale (figure 6) the curve passes through zero.

In a logarithmic scale (figure 7) it tends toward zero, which

is removed to infinity. Whena statistical series involves null

values, this will lead to a diagram suchasfigure 8. Since the

zero is not representable, it is generally preferable to denote

it by a convention (figure 9), which avoids useless lines and

increases the legibility of the useful part of the curve.

A logarithmic curve visualizes the multiplier but not the

product of a multiplication
Visually there is nothing constantin the arithmetic diagram

(figure 10); the eye sees the absolute numbers(1, 2, 4, 8) and

their differences (in black). However, one can derive from

this figure that:

B=A\X2]| C=B,|xX2 D=C X 2

It is this constant [X2|that the eye sees in the logarithmic
diagram (figure 11), but without a visual notion of the abso-

lute numbers nor of their difference. Conversely, when an

arithmetic diagram displays a constant difference(figure 12),

this corresponds to unequal variations:

B=A!X 2 C=B |X 1.5 D=C\X 1.33

These inequalities are what the eye sees in a logarithmic

diagram (figure 13), and what the reader must understand

and measure with the help of the legend. The legend for a

logarithmic diagram cannot therefore be conceived accord-

ing to the same principle as that used for an arithmetic

diagram. The calibration of a logarithmic diagram is fur-

nished by the base of the logarithm,that is, by the distance

chosen to represent a tenfold increase.

 

 

  

  

-           
 

 

 

 

              
 

Lo
e)

c

 

 
 

    
     

 

s
h
a
l

n
m

©
(
i

-
»Y

&»
©

Oo

~ © O
o

a
a

S
e 2
.

-
_
_
©
®

Z
.
%

O
.
2

ao

|
C
U
M

 

 

  
 

        
 

D A B COD
10 11

4

| A
— Vs’ UMW

, +7 tog"

}

:
FF

7
1

. 1

A B Cc D A B Cc D

24]



242  

 

   

Boo |
Joo }.....-
Goo}

Soo}. + 400%

heo |_

Joo |. + 200%

Loo |. + 400%

2 Joo ® + O%

3o
fe | _ 30%

$0 ; = 30%

Hol

30 --—— _ Jo%

% — bo%

Aor reerrerR= X04 — 90%,

10 years

40 000 |
4000

4 000

tio om4oo 79
3

40 a

—4 —_

  
 

 

 

     

 

 

loook%

500%

300%

20 %

Jo%

507,

307,

Qe%

soy,  

But the image also dependson the arithmetic scale, which

modifies the slopes (figure 1). Accordingly:

The legend mustvisually define the slopes
Wechoose a basesize (arithmetic)—for example, ten years—

and we markthe slopes for ten years or decennial variation

(figure 2), according to the multiplier A. We can also define

the slopes by rates of increase B or by resulting numerical

value C. Note, however, that an increase rate of 10% per

year gives a decennial rate of 157% at the end of ten years.

Conversely, a decennial increase rate of 100% gives a yearly

increase whichis less than 10%.

A logarithmic curve does not promote visualization of

the absolute quantities

It expresses the multiplier, but not the multiplicand. The two

series in figure 3, although very different in absolute value,

are proportional. In a logarithmic diagram this meansthat

they are parallel.

Consequently, except for the elementary level of reading

(rereading of the numbers):

— only the slope is meaningful;

— the respective position of any two curves has no meaning

in absolute quantities;

— the curves can be movedalong the logarithmic axis, and

the spacing between the curves can be chosenfor better

legibility;

— the curves can be superimposed in a meaningful order.

In other words:

The order of superimposition of the curves can express a

useful classing
Take cultivated areas, in Sweden, related to date and dif-

ferent crops. Represented by an arithmetic scale (figure 4),

they portray the numbersof hectares (area). Represented by

a logarithmic scale, they show the trend of the crops, which

can then be classed in different ways:

— according to the order of the quantities in 1937 (figure 5);

— accordingto their trend(figure 6);

— accordingto the order of dates of maximumarea(figure 7)

or any other useful order (alphabetic, geographic, dates of

minimum area,. ..).

Finally, the logarithmic curves can be “indexed” at any

date whatsoever(figures 8 and 9).

In order to benefit from this freedom, which transforms

any homogeneousseries of logarithmic curves into remark-

able experimental material and remainsthe real objective of

this construction,it 1s sufficient to trace each curve once on

different pieces of transparent paper(along with twovertical

reference lines), as in figure 10.

We can then proceed to all types of comparisons and

useful experiments in classing.
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SPECIAL CASE # “OPEN-ENDED”

COLLECTIONS OF PROFILES

A problem involving three components can be represented

by a series of images each accommodating two components.

This construction is preferable in certain cases. Indeed:

(1) it 1s easier to draw than the standard construction;

(2) it is “open-ended”; new figures can always be added;

(3) we can rankthe figures and order them in different ways,

linearly or according to a double-entrytable.

The collection of figures thus constitutes experimental

material which leadsto classifications.

Conditionsto fulfill
For all the figures to be comparable, each one must form

an image, that is, have a meaningfulprofile. This excludes

figures | and 2, where the overall form is constant. To make

them meaningful, it would be necessary to add a redundant

visual variable, as on page 147. Only figures 3 and 4 create

meaningful images and producecollections of profiles. Con-

structions such as those in column 3a are used in psycholog!-

cal tests, IQ tests, and professional aptitudetests.

A file card is constituted for each individual(figure 5). It

includes in the first part (at the top) the elements of identi-

fication: name,age, family situation, profession. . . . In the

second part, the notation corresponding to each of N ques-

tions is plotted on each line. We need only join these points

in order to draw the characteristic profile of an individual.

When numerousprofiles are collected, their comparison

244

makes “types” appear and enables us to place each indi-

vidual into a given group, according to the sum of his or

her characteristics. The profile is a summarized individual

image.Its utilization (figure 6) involves:

(1) memorizing numerous images

(2) determining profile types

(3) classing the profiles according to these types.

Thelimits for utilization of collections of profiles

In orderto fully utilize a collection, the reader must be able

to easily memorize the meaning of terms A, B, C, D, . . . of

the analytic component, whatever they may be. In column

3a we need only juxtapose the imagesin orderto find all the

notations corresponding to a given term on the same verti-

cal straight line. This is not possible with the other construc-

tions, and for the polar constructions (figure 4) the reader

would have to memorize the meaning of each orientation.

Such a task becomes more difficult as the numberof catego-

ries increases, and could only be accomplished by those few

specialists familiar with a given classification. In fact, any

collection of profiles has the disadvantage of including only

half of the possible experiments, and consequently half of

the information involved: the subsets correspondingto the

intermediate level of reading are constructed on only one of

the two identification components.

One can form a single imagepertested individual, just as

one formsa single image perbranch of industry (page 144),

but one cannot form a single image pertest, any more than

one can form a single image persize category of industry.



The collection of profiles is only utilizable if one is solely

interested in the classification of the “open-ended” compo-

nent(series of tested individuals, series of branches of indus-

tries, series of family budgets, series of housing options.,...).

It prohibits any discussion of the analytic component(ele-

ments of the test, size categories of industry, elements of the

budget, elements of housing evaluation,. . . ).

Returning to the standard construction: the image-file

Like any series of images involving two components, a

collection of profiles can be constructed as a single image

involving three components, which completes, or even

replacesthe collection.

The three components of this image are, in the example

shownin figure 5:

O (or Q) of notations according to

~ a series of test questions

~ a series of individuals.

In order to apply the standard schema(figure 7) we need

only: (a) transcribe the notations graphically on a single line

(figure 5), in a way whichis visually ordered,that is, by an

amount of black corresponding to the notation recorded for

each question on the test (A, B, C, D, . . . ); and (b) transcribe

certain ordered elementsof identification, such as number of

children(e), ages (a)... .

Arranged in an appropriate file and separated from each

other by the thickness of a piece of corrugated cardboard

(figure 8), the cards construct an imagesuchasthatin figure

9, or any other image, according to the basis which we adopt

for ordering them.

In this completely hypothetical example (figure 9), the

cards have been ordered accordingto the age of the individ-

uals (a). An image ofthis nature would provide the opportu-

nity for numerous commentaries, for example:

— the test questions are not independent of the age of the

individuals;

— their recorded order A, B, C, D.. ., is related to age;

— the test defines three main age-groups;

— the third group is characterized by the best but the most

irregular answers. ...

Note that the individuals whorepresent characteristics in

relation to the whole (black spots in the white areas or con-
versely) are easily detected.

The “image-file” enables us to class the profiles without 9

resorting to a preestablished typology, or by using differ- ——

ent typologies, each adapted to a particular problem. The

standard construction augmentsthe collection of individual

images with the possibility of creating an overall image,

whichis simplifiable in several ways. The file thus becomes

complete information, capable of contributing answers to

questions of an overall level (comparison of files). These

answers are applicable to the very elements of the test, to

their pertinency, to their mutual relationships, and to the

pertinency of the order in which they were inscribed on the |

cards, etc. . . . The image-file introduces possibilities for 3
factor analysis.
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#Q0QA -
Comparison of repartitions,
distributions, concentrations

Take twostatistical series (tables A and B) byclasses of

quantities:

 

@ +
Mean number —_|Numbers ofpupils

per class (cumulative)

0.10% 4t {x § = 205 |205 4!

Classes Pupils

 
10.20 i2]| 15 (80 |385 53
20.30 4 |25 100 |485 57
30.40 2 |35 70 |555 59
40.50 1 |45 45 |600 60

60 600
Mean (M,)= 600/60 = 10%
 

 

0.2m 10 |x 1 = 10 |10 170
2.4 4) 3 2 |22 14
46 3 |5 Is |37 17
6.8 5 |7 35 |72 22
8.10 15 |9 135 |207 37
i.e 3 |1 33 |240 40

40 £40   Mean (Mg) = 240/40 = 6m
 

(2)

  
 I2m
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(A) sums(in francs) held by a groupof sixty pupils

(B) length of twine (in meters) held by a groupofforty pupils.

Comparing the twoseries poses a problem involving three

components:

— numberof pupils

— classes of numbersof units (francs, meters)

— different groups.

This means comparing two repartitions, two distributions,

or two concentrations (see pages 205-208).

The differences between the groups to be compared are

not great enough to be evaluated in separate images. The

curves must be superimposed, and in order to be compara-

ble, they must be related to comparable sizes, that is, equally

scaled by their totals. In repartitions and distributions,

these totals are expressed by the area defined by the curve.

Howcan these areas be equalized?

SUPERIMPOSITION OF REPARTITIONS

Whenthey are constructed separately on millimetered paper,

the two series produce the diagramsin figures | and 2. To

agree that the two groups are comparable,it means agreeing

that “sixty pupils” is comparable to “forty pupils.”
This is accomplished byrelating the real value of the two

groups to a frequency per 100, and accomplished graphi-

cally by using the samesize to represent 60 and 40(figures

3 and 4).

It also means agreeing that “600 francs” is comparable

to “240 meters.”

This 1s accomplished by representing the two means by

the samesize (figures 5 and 6). The two areas are equal and

represent an equalization of the total of the statistical ele-

ments (francs and meters).

Calculation of the scales
Let | cm of length on the paper represent each of the means.

The size O-50 (or C,) representing the classes will be

equal to:

lcm X 30 =5cm
10

The size O-12 (or C,) will be equalto:

lcm X = =2cm

The lengths representing the numbers of elements are

inversely proportional to the mean.

 

K, [upper limit of class A

mean A

 

A, (upperlimit of class B

mean B

The two repartitions are comparable (figure 7).



 

SUPERIMPOSITION OF DISTRIBUTIONS

Take figures 9 and 11, which are the distributions obtained

from figure 7.

To be comparable, the numbers of pupils must be equal-

ized, which is accomplished by equalizing the areas S, and

S, represented by the distributions(figures 8 and 10).

Calculation of the scale
The class scales C, and C, cannot be modified. They are

linked to the common mean,previously positioned.

Therefore we will modify the scale of the frequencies F,

after having verified that the areas S, andS,are:

— proportional to C (size of the classes) (figure 12)

— inversely proportional to N (numberofclasses) (figure 13).

Consequently, for S, to be equal to S, the length F’ must
be modified in relation to F according to the formula:

B
      

C N
B A

(F being taken asbase,it is generally replaced by 100). And

if, in the example opposite, a frequency F (= 50%) = 2 cm

(figure 14), then

F’ (= 50%) =2 cm X 2 x = 6cm (figures 15 and 16)

The areas S, and S, are equalized and the two distributions

are superimposable (figure 17). The scales are marked in

real values.

Superimposition of a third distribution

Wehave seen that C, = K,/M,likewise C, = K,/M,

From which we obtain:

F’=F X K,/K, X M,/M, X N,/N,

Andfora third distribution D:

F’=F X K,/K, X M,/M, X NJ/N,

Thatis:

(upperlimit of class A) X Mean D X Nofclasses D F” =F x

(upperlimit of class D) X Mean A X N of classes A

The comparison of age pyramids

Here we have a superimposition of distributions, in which

C is constant (0 to 100 years). It is therefore a visual error:

(a) to juxtapose two separate images, men and women(they

must be superimposed); (b) to construct absolute quantities

wheneverthe total populations are dissimilar. The frequen-

cies must always be compared andthe totals provided in

another way.
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SUPERIMPOSITION OF CONCENTRATIONS

The totals will be represented by the sides of a square and,

graphically,it is sufficient to divide:

— the base of the square according to the total number of

pupils in each group(total of the observations) (figure 18);

— the height of the square according to the total numberof

units counted (francs or meters).

In order to make the points correspond, we should calculate

the cumulative numbers of the observations, then the units

counted (last two columnsof tables A and B).

Whenthe graphicsare finished, a commonscale,in per-

centages, can replace the proper (individual) scales.
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SPECIAL CASE # 2
COMPARISON OF ORDERS

Information ~ 2 ~ n O is a comparisonof orders. It can

be analyzed as O O ¥ n and constructed accordingto the

schemain figure 10.

If n does not exceed approximately thirty, the infor-

mation can be constructed according to the schema in

figure 1.

Considerthe information:

comparisonof the industrial population (II) andthetertiary

population (III) according to the order in which they class

the ninety departments of France.

INVARIANT —d French department

COMPONENTS —¥ twosectors of the workforce (II) (III)

—# ninety French departments

—O numbersofpersons in each sector

COMPARISON OF ORDERS

Our information consists of ordered lists of departments

(ordered according to populationII, then III, but these quan-

tities are not given to us).
Question—Are the two orders different, or are they

related? Whatis their “distance’’? In fact, what meaning can

we give to the term “distance” between two rankings, given

that only the orders matter here, not the quantities? A simple

way of answering these questions is to count the number

of the “inversions” between the two classings. “Inversion”

occurs whenevera pair of departments (A and B)is classed

in a certain orderin relation to II and in inverse orderin rela-

tion to III (figure 2). In the opposite case (figure 3) we can

say that there is “agreement” between the two rankings for

this pair. Two rankings are said to be more “distant” from

each other when the numberof inversions is greater. The

number of inversions between two rankings will be called

their distance. To count these inversions and represent them
graphically involves two possible solutions.

GRAPHIC CONSTRUCTIONS

Parallel alignments

Each ranking is translated by an alignment of points. The

two alignments are parallel. We use a line to join the two

points representing department A, then another line for

those representingB,etc. If there is an inversion,andin that

case only, the two lines (A and B)will intersect each other.

There are, for example, six intersections and thus six inver-

sions in figure 4.

It is therefore sufficient to draw the ninety lines corre-

sponding to the ninety departments and count(two by two)

the numberof intersecting points betweenscalesII and III

(figure 7). If there are many inversions and many classed

objects, counting by this graphic method will very quickly

become laborious. At least the muddled impression in
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figure 8 permits visualizing a substantial distance between

I and II and comparing it to the proximity of II and III

revealed by figure 7. In general this construction should

be limited to a component which does not exceed approxi-

mately thirty categories.

Rectangular alignments

In the preceding construction (figure 4) the ranks are repre-

sented by points on a scale, the departmentsby lines.
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In the rectangular construction (figure 9) the ranks are

represented by lines, the departments by points. The two

constructions are “duals” of one another. Of course, since

order alone matters and not quantity, the lines do not have

to be equidistant, and we can use whateveris the most con-

venient grid—equidistant, logarithmic, or other—provided

that it preserves the orderof the ranks.

Inversions between rankings will be represented as in

figures 4 and 11. Agreements by figures 6 and 12. If there
are few inversions, that is, if the “distance” is small, the

points will appear as a cluster elongated in a “Northeast”

direction (figure 13). If there are manyinversions, the points
will appear as a “Northwest-Southeast” axis. Incidentally,

we have perfect agreement, null distance in figure 17 and

maximum inversion, ranking in inverse order (ten inver-

sions) in figure 18. Between the two extremes we can have

an absence ofrelationship, that is, no relationship betweenI

and II, as shownin figure 14.

MEASUREMENTOF INVERSION

The distance N between two rankings is the numberof inver-

sions. In figure 16, it is the number of “summits” (nodes)

situated to the right of each point, each node beingthe inter-

section of the vertical lines erected above each point(figure

15) with the horizontal lines drawnto the right of each point

(figure 16). There are six inversions in both figure 16 and

figure 9.

The maximum distance D between two rankings(figure

18) corresponds to maximum inversion,that is, two oppo-

site rankings. In a network,it is the numberof intersections

situated to the right of the diagonal. For n objects, it is the

total numberof intersections n X n, minusthe points of the

diagonal, that is, m. We retain only half of the result (half of

the network), that is: n* — n. This can be expressed as
2
 

D=n(n —-1).

2

The relative distance N/D. To measure the distance

between two rankings and compare rankingsnot involving

the same numberof objects, we can relate N to a standard

scale (0-10, 0-100). It is sufficient to divide the number of

inversions N by the maximum distance D.In the caseoffive

objects one could have ten variations at most:

5(5-1) _
2

In this way, a distance 6, as in figure 16, represents 60% of

the maximum.
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COMPARISON OF QUANTITATIVE ORDERS

Comparisons of order require that the elements be num-

bered or ranked prior to the graphic operation: In figure

13 on page 249, the departments are considered “already

ranked.” This prior ranking is not necessary when quantita-

tive series are involved.

Q4#4#2=QQ#

First example

Q of population according to

~ ninety departments

~ twosectors (II andIII).

Aspreviously, information Q # 2 ~ n can be analyzed

as Q Q ~ n and constructed according to the schema in

figure 1.
It is sufficient to construct two rectangular scales of quan-

tities and plot each element at the intersection of the two

quantities whichdefineit (figure 2).

Since the graphicretains only the order of the points, the

scales of the quantities can be arithmetic or logarithmic.

The latter stretches the scale and thus separates points
which would otherwise be squeezed together when the

distribution involves groups very distant from one another

(figure 2).

Second example

For forty villages in the vicinity of Madrid during the six-

teenth century we are given the numberof households and

the average incomeperhead,thatis:

Q (of households and income) according to

~ two typesof quantities

~ forty villages.

Analyzed thus, the information leads to a fastidious and

inefficient superimposition of curves(figure 3). Analyzed as:

Q of population

Q of income

~ forty villages

it leads to the construction in figure 4, which is rapid and

efficient; it immediately translates the only internal relation-

ship contained in the information: the larger the village, the

more the average incometendsto diminish(figure 4), which

distinguishes the Madrid area from other areas of Spain.

Retinal variables

In these constructions, retinal variables are not employed.

All the points are considered as similar (=) in figure 2, and

their identification is not necessary for treating the problem.

They are identified by numbers (shape variation) in figures

13 and 14 on page 249 andin figure 4 here (for purposes of

external comparison).

The points are thus free to convey a new variation, which

can be,as in figure 5, the total population.

The correlation among the populationsof II, III, and the

total appearsclearly.



3. Several quantitative components

QQH QQO

Eachpoint on the plane hasa different meaning from all the

neighboring points. However, within a componentO,all the

points of the same category have the same meaning;thatis,

they share a commoncharacteristic. Thus when occupied

by nonreorderable components, the plane forms a constant

reference system; consequently, diagrams such as these are

sometimes called “maps” (color, sound, or vocalic maps,

page 266).

Q Q #. “Ombrothermal”(rainfall/temperature) distribution

of different categories of vegetation (figure 6) (taken from

P. Rey, Phytocinétique biogéographique [{Paris: C.N.R.S.,

1960]).

A sampling procedure defines a “population”ofsites, in a

given region (here the region covered by the mapofle Puy at

1/200 000). For each site we know: Q, annual temperature;

Q, total annual precipitation; +, the characteristic vegeta-

tion. When the plane shares the Q components, each cat-

egory of vegetation forms a reduced, characteristic cluster.

The diagram thusdefines the optimum conditions(center of

the cluster) and the extreme conditions for a given category

of vegetation, as concernsprecipitation and temperature.

Since each grouping of points is relatively homogeneous,

small visual differentiations among the types of signs are

sufficient to circumscribe each zone.

Q Q #. Map of audible sounds (figure 7) (taken from A.

Moles, Théorie de l’information et esthétique {Paris: Flam--

marion, 1958)).

This problem involves three components: # different per-

ceptible domainsaccordingto:

Q frequency of sound (height) in periods per second

Q level of sound (amplitude) in decibels.

The characteristics of frequency and amplitude enable us to

situate all the sounds and divide them into categories, into

“perceptible domains,” which form different zones on the

diagram. The zones are differentiated visually by applying

value to both lines and zones, with a redundant addition of

orientation to the zones.

Q Q O. Evolution of “ombrotherma!” conditions (figure 8),

based on P. Rey, Phytocinétique.

O series of zones (climates) over time, accordingto:

Q of precipitation

Q of temperature.

The study of pollen gathered in a bog lets us reconstruct

the appearance of different vegetation categories over time.

Knowing that each category implies a precise and practi-

cally constant zone in the ombrothermal diagram, we can

construct a sequence of zones (climates) based on that of

the vegetation categories. It reveals variations in tempera-

ture and precipitation during the last millennia. Rey defines

a standard evolution characterized by four climatic stages:

P Preboreal (-8500), followed by increasing temperature

(2—3°) and decreasing precipitation (200-300 mm);

X Xerothermal (-5000), followed by a temperature decrease

(1°) and great increase in precipitation;

MMesohygrothermal (—1500), followed by a temperature

decrease (1°) and precipitation decrease (200 mm);

A Atpresent.
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THE STANDARD CONSTRUCTION

(Figure 1)

Example: Temperature variation in the stratosphere (25 km

altitude) (after F Kenneth Hare, “The Stratosphere,” The

Geographical Review 52, no. 4 [October 1962]: 525-574).
Three components:

Q of degrees centigrade according to:

Q latitude (latitude in degrees north of observatories situ-

ated along the meridian 80 W)

Q date.

The standard construction produces a good image for

expressing the temperatures. However, the graphic should

emphasize the difference between the placid regime of

summer, still perceptible in October, and the brutal tempera-

ture variations of winter.

SPECIAL CONSTRUCTIONS

Isarithms(figure 2) (See also page 385)

Obtained by joining all points of the same temperature, the

number of isarithms increases with temperature variation,

and this construction leadsto the following visual result: the

more black, the greater the slope. This construction is there-

fore preferable here.

Furthermore, isarithms suggest the perceptible continuum

of the phenomenon,since this procedure allows each point

of the paper space to be defined numerically in terms of

the three components. Note, however, that the sense (up or

down?) of the variation only appears through a complemen-

tary procedure, here through shadingthe curves.

Juxtaposition of curves (figure 3)
Take the information:

Q total population in France accordingto:

Q age (annual age-classes)

Q time (1800-1947)

(after C. Morazé, Les Francais et la République).

The age pyramid is a familiar construction. Compared

over time, several pyramids cause the well-known phenom-

enon of population aging to appear;here, it is translated by

a “bulge” whichrises progressively.

The pyramids also show another phenomenon, just as

important to the general economy of a nation: the “wave

movement” of the “low” spots. But in orderto seeit, the

time continuum must be restored visually. With a juxtapo-

sition of curves (figure 3)—births, individuals aged 20, 21,

22 years, . . . —the low spots appear, along with their suc-

cessive repercussions. But more numerous curves would

overlap, and the image would becomeconfusing.

Anotherconstruction must be used.

The standard construction, which would lead to an image

of the type in figure 1, would not be legible, because we

are especially concerned with variations of relatively small

quantities.
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The “perspective” diagram (figure 4)

In order to make small variations perceptible, it is neces-

sary to suggest the third dimension of space (see page 378).

Weprofit here by the fact that from a certain viewing point

the volume displays all parts. The time continuum must also

be restored. This is achieved by constructing isarithms as

numerously as possible over time, that is, by constructing

numerous age pyramids, regularly spaced over time. The

image then suggests a solid continuum which reveals the

sequenceof “wave movements”for the “low” spots andtheir

increasing depth in thefirst half of the twentieth century.
0 20 40 60 80 100 4

AGE,in years 253



C. Problems involving more than three components

1. Graphic information-processing

Modernresearch generally involves numerous components.

It will constitute a unit, however, only if the information

on which it is based can be thought of in the form of one

double-entry table—albeit of very large dimensions.In fact,

any homogeneousset of information can be conceived as a

series of objects AB .. . (or of individuals, places, moments,

concepts, . . .) which is observed across a series of 1, 2, 3,

...N indicators (or characteristics, or variables,. . .).

If we enter the objects along x (the abscissa) and theindi-

cators along y (the ordinate), the response z (either numbered

or yes—no), marking the intersection of each object with

each indicator, is inscribed in the correspondingcell.

This double-entry table must result from the totality of the

information involved in the study. It constitutes the point of

departure for information-processing, since it reduces any

problem involving n componentsto three components.
The number of rows in this table—1, 2, 3, or n rows (see

opposite page)—determinesthe basic graphic constructions

and permutation procedures.
They are a function of the length (numberof objects and

numberof indicators) and level (reorderable [#] or ordered

[O]) of the components. Very limited lengths(1, 2, 3) permit

direct constructions, without requiring permutation. Exten-

sive lengths will entail the graphic operations of classing

and permutation.

Problems without permutation

(1) The table involves only a single row (see entry I oppo-
site). This is the simplest kind of information. If AB . . . is

reorderable (), the standard construction is a repartition
diagram (see page 203). When AB .. . is very limited we

can use a circle; when AB ... is very extensive it leads to

a distribution diagram (see page 205). If AB .. . is ordered

(O), the standard construction is a timeseries (histogram,

polygon, curve,or cluster; see page 212).

(2) The table involves only two rows (see entry 2 opposite).

The standard constructionis the rectangularscatter plot (see

pages 248-249). The objects AB .. . become points which

are classed automatically in relation to the two indicators

entered along x and y. If AB . . . is ordered (Q), a row can

manifest this order and be meaningful.

(3) The table involves only three rows (see entry 3 oppo-

site). (a) Addition by column is meaningful. Percentages

must then be calculated. By analogy with the preceding case

the standard construction 1s the triangular scatter plot (see

page 232). (b) Addition by column is not meaningful (for

example: price + tonnage + inventory). Such information

enters into the following general case.
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Graphic classing and permutation

(see entry n opposite)

Wheneverthe table involves more than three rows, the stan-

dard construction consists of entering the series AB .. . of

objects along x and the series n of indicators along y; this

means graphically representing the quantities by an ordered

visual variable in z, and simplifying the image by permutation.

Let us recall the principle ofpermutation (figures 4, 5, and

6). Take seven objects A, B, C, . . . across the presence or

absence of ten indicators 1, 2, 3, 4... . This information pro-

ducesthe table in figure 4. If one can permutefirst the rows

(figure 5), and then the columns(figure 6), the imageis simpli-

fied and its comprehension, whichat the outset necessitated

assimilating 7 X 10 = 70 elements, only requires retaining

three groups, whoseoriginality is revealed at the same time.

This type of permutation is possible only if objects and

indicators are reorderable (+). The problems of graphic per-

mutation can therefore be reduced to three basic situations,
according to whether the imposition involves two reorder-

able dimensionsofthe plane (~ #), or a single one (# QO), or

two ordered dimensions(O OQ).

Basic constructions

(# ¥) Objects and indicators are reorderable.

The standard construction is the reorderable matrix

(figure 4 opposite, and see also page 256). Permutation

requires technical means: permutator, domino appara-

tus (page 169), or computer terminal. These means permit

processing information up to approximately 150 xX 400

elements. Beyondthat, it is necessary to proceed to a prior

reduction of the information, either by random sorting or by

procedures of automatedclassification.

In certain conditions of unequal lengths (30 x 1000, for

example), a matrix-file (page 262) permits compensating for

the absence of specialized equipment.

(# O) One of the two planar dimensionsis ordered.

Two constructionsare possible: An image-file (page 258)

represents the quantities by a variation in amountof black;

an array of curves (page 263) portrays the quantities in the

form of curves.

(O O) The two planar dimensions are ordered.

It can be useful to construct an ordered table. This is the

case, for example, with the “vocalic map” (page 266) which

transforms a song into an image. It is also the case with

thematic mapsutilizing one imageperindicator (pages 398,

402). By definition, these tables are not permutable, either

in x oriny.

Freedom of permutation can be regained by considering

a collection of tables (page 266) or a collection of maps
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(pages 268, 398, 402). It is the series of images formed by

the collection which constitutes the reorderable component

(#) and which allowsgroupings,classings, and trichromatic
superimposition.

A collection of tables or maps affords the meansof pro-

cessing extremely broad information. In fact, we know that

The basic constructions for graphic information-processing
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Principle of matrix permutation

the eye perceives the resemblance between two shapes no

matter what the numberof elementary constituents of these

shapes. To class 200 communal maps of France (38 000

communes) is relatively easy, and yet this represents the

processing of 7 600 000piecesof information!
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2. The reorderable matrix

Figure 4 on page 255 is a reorderable matrix whose capacity

is 7 X 10. The example below involves a matrix of 82 X 80

and also contains quantitative indicators.

Typology of ionic capitals

(After D. Theodorescu, “Le Capital ionique” [PhD Diss:

University of Paris I, 1973].)

The problem. The eighty-two specimens being studied

represent the essential aspects of known “capitals” (tops

of columns;see figure 1). They differ notably, and various

specialists have developed different typologies, based sub-

jectively on one or anothercriterion. An objective approach

is to inventory all the possible variables and to consider

them initially as equivalent indicators. Next, the similari-

ties which emerge from the whole are studied, andfinally

the most representative indicators of this stylistic typology

appear.

The information and its graphic representation. The capi-

tals are entered along x, the indicators along y. Each capital

is the object of twenty-eight measurements involving ratios

or dimensions. These are definedin figures 1 and 2A and are
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represented on the matrix (figure 3) in nine steps running

from white to black. The qualitative model (figure 1B) sug-

gests fifty yes—no indicators, which are recorded in figures

2B and 3B. Missing data are represented by the sign (=);

doubtful data by (Ba). The graphic procedure utilized the

“domino” apparatus (figure 6), which accomplished all the

necessary permutations.

Processing and interpretation. By successive permuta-

tions, similarities emerge andleadto figure 4, which reveals

three systems of relationships between indicators in y and

three major typesof capitals in x.

The system in figure 4A displays a series of indicators

which evolve chronologically (chr.). A second system (figure

4 B) reveals, on the contrary, indicators which are only

present or important(k, 1, m) at the middle of the chronolog-

ical order, or conversely (0, p) at the extremities. Finally, the

indicators C and D in figure 4 seem unrelated to chronology.

These observations are schematized in an “interpretation

matrix” (figure 5). System A from figure 4 can be charac-

terized by the design of the capital (b), which becomesless

rectangular over time, and the shaft of the column(c), which

becomesless narrow.
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System B from figure 4 can be characterized bythe size of

the volute (m), small at the outset, then large, then becom-

ing small again at the end of the period, whereasthe overall

size of the capital (p) follows an inverse evolution. These

two systems account for 85% of the indicators and thus cor-

rectly represent the whole of the stylistic characteristics of

the ionic capital.
Typology. These results enable us to divide the capitals

into three main types, each containing three subtypes. Their

essential characteristics appear in each column of figure

5. Note in figure 4 that the chronological order (chr.) is not

strict; certain capitals are out of place. The explanation is

simple. It is obviousthat at any given time, a sculptor can be
inspired by former models, or, on the contrary, be innova-
tive. As a result, the order of x in the matrix (figure 4)is that

of the style and not of the construction dates.

This typology can be verified. One need only rearrange

the matrix according to the typology proposed by any given

author. In no case, does the numberof criteria correspond-

ing to these subjective typologies exceed 5%!
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6 Above, permutation of column using manual ‘‘domino”
apparatus. Below, keyboard permutation on a cathode-ray
screen.
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3. The image-file

Whenthe componententered along x is ordered,it 1s gener-

ally not useful to permute the columns; simple paper cards

suffice for the graphic representation. They are aligned

along a sheet folded on one edge (figure 1) and are permut-

able in y.

A file 20 X 12

A promotion campaign for a large hotel* requires study-

ing the monthly trend of several indicators (figure 2). Each

of these is recorded on a separate card. The numbers are

transcribed in the form of a histogram with a maximum

columnheight of 1 cm. Forall the numbers abovethe annual

mean, the column is shaded in black. The twelve months are

recorded twice, along x, in order to reveal potential cycles.

No more is required later than to put similar cards together

(figure 3). This causes four types of indicators to emerge—

two in a semiannual pattern (at the bottom of figure 3) and

two in a quarterly pattern (the first five at the top and their

opposites, numbers 12 and 5).

Studying the incidence of each indicator in the “(s)low

periods (numbers 14 and 20) defines the nature ofthe efforts

necessary to increaseactivity: advertising orientation, types

of services to develop during these periods, organization of

supplies, phasing of conventions. . . . This image-file led to

business increasing by 10%.

9

A file 1000 x 9
Within the framework of the Atlas de Provence-Céte d’Azur,

the Laboratoire de Géographie d’Aix-en-Provence charged

G. Peugniez with designing a mapinvolving one of the main

variables of rural economy:the size of farms. An image-file

is utilized. Along x, it represents seven categories of size,

ordered from the smallest (0.5 to 1 hectare) to the largest

(more than 100 hectares). A commune (line) is character-

ized by the percentage of “useful agricultural area” (S.A.U.)

in each category, that is, by seven indicators, to which are

added the total S.A.U. and the numberof farms. Theseries

of communesis recorded alongy.

The objective is to discover the types of communesresult-

ing from this analysis.
The atlas covers 1000 communes. Whenever the number

of cards exceedsseveral dozen, it becomes necessary to use

cards of about | mm in thickness, and to draw on the top

edge (figure 4). The latter is divided: 3 mm for the yes—no

marks; 15 mm for the quantities. These dimensionsare con-

stant. The purposeis, in fact, to display the profile of each

indicator equally, whatever the numbersthat characterizeit.

The cardsare all supported in the same way along a guide

strip and are permutable.

Figure 5 showsthe file at the outset. In figure 6 it is

classed by departments and, within these, by categories.

The departments themselves are ordered according to their

tendency toward small farms (Alpes-Maritimes) or large

*For a detailed study of this example, see G./.P., pp. I-11, 242-245 (translator’s

note).



 ones (Basses-Alpes). The classing in figure 7 defines types

of communes,independentof their departments. The main

types A, B,C,..
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EFFICIENCY AND UNIVERSALITY OF

THE MATRIX CONSTRUCTION

Showybutuseless graphicsare still encountered everywhere,

even in scholarly journals and works devoted to graphic rep-

resentation. Their main result is to hide the content of the

information from the user, thus doing a real disservice to

graphics. Experiments have shownthat readers do not even

look at them. Since a reader seeks to understand andretain

information, he or she instantly evaluates the time which

will be “lost” in attempting to discover the relationships

which are not readily displayed by the graphic. Conse-

quently, the reader turns the page andseeksthe anticipated

“reduction” (any message involves a reduction) in the written

text. And whatis reduced? Quite simply the lengths of x and

y, and this cannot be achieved when the two componentsare

separated by the representation. To test this statement, the

readeris invited to cover the matrices opposite with a sheet

of paper, to look only at the odd-numberedfigures, and to

seek the answersthat a graphic construction should provide:

whatare the objects and indicators dealt with? Howare they

related in this information?

Figure 1: The meat problem in the common market(1966)

Are Common Marketministers seeking to evaluate the meat

problem greatly assisted by figure 1? Only a few numbers
are obtainable from it, and a simple table would have been

more efficient. How are the different nations grouped or

opposed?
The same information, represented correctly (figure 2),

reveals a problem of a political nature. The nations form

two groups—Germany,the Netherlands, and Belgium—Lux-

embourg, on the one hand, Franceand Italy on the other—

whosepolicies would appear to be dictated by their group

affinity.

Figure 3: The legal form of production groups

This form varies with the products. Are certain forms con-

current or particular? which ones? in which branches? In

figure 3, only the importanceof cooperatives, especially for

wine, is immediately shown. Although this information is

still visible in figure 4, the distribution of the other forms,
the concurrence of the first two, and the resemblance of

various products suggest directions for further research.

Figure 5: Employmenttrends in physics in the U.S.
At least that is the so-called subject of figure 5, which

appeared in a professional review, as a full-page spread

and without commentary! Can we even determine whatis

involved?

The matrix construction (figure 6) showsthat the information

deals with the distribution across different branchesof physics,

of types of professions (P), types of employers (E), university

degrees, age, average salary, and finally unemployment. This

information divides the indicators into two systems. The most

important further divides the branches into two categories:

acoustics, electromagnetics, instrumentation, and optics are

the province of industry, management, high salaries, and older

men. The other branchesare in the areas of research, teaching,

advanceddegrees, . . . and low salaries! But another system of

indicators, at the bottom, disturbs this order and showsthat

unemploymentfollows quite anotherpattern.



Figure 7: Property and farming

Fifteen types of person are supposed to be defined and rep-

resented bythe sectorsoffigure 7. This is a complex problem

which only a double-entry matrix (figure 8) can elucidate.

We have to define types of owners, and types of farmers,

as well as the numberof individuals and amount of area

for each type. We also know that an individual can be an
owneror not, a farmerornot, that there are different types
of farmer and that all combinations can occur. For a given

geographic canton, the information has four components.

(1) Different types of person. Two main categories, owners

(P) and farmers (E), produce three groups: the owners-non-

farmers (P nonE), the owners-farmers (P E), the farmers-

nonowners (E nonP). Rentals are of three kinds: tenant

farming (f), sharecropping (m), or both. This makesfifteen

types. (2) The numbersof personsper type (in percentages).

(3) The meanareas pertype. (4) The total areas per type.

If we represent along x the different types, in proportion to

the numbersof persons per type, and along y the meanareas,

the area (x X y) represents the total area, and all the com-

ponents are represented. Note that the content of rectangle

(P) represents the total area of the canton. What is outside

(third row) represents the redistribution, across the farmers,

of lands not farmed bytheir owner(first row).

Figure 9: Foreign labor in France

Belgians (B), Polish (PL), North Africans (NAF), Por-

tuguese (P), Spanish (E), and Italians (1) have furnished

foreign labor to France in chronological sequence. Can we

determinein figure 9 the main periods of this sequence, the

nations which characterize it, the uniqueness of the modern

situation and the probability of the next situation? In figure

10, black depicts the quantities which are greater than the

mean from 1921 to 1968.

Figure 11: Crop cycles
This is a standard example of the image-file. In this African

region, the agricultural year is divided amongseveralcrops:

squash (C), beans (H), manioc (M), different types of corn

(m), tobacco (T), and peanuts (A). The precipitation curve

(P in figure 12) is of fundamental importance here. Various

types of work are noted: (1) groundbreaking; (2) sowing;

(3) hoeing; (4) harvesting. Need we stress the difference

between the twofigures? Wesee in figure 12 that:

— the various phasesof the crop are grouped;

— the crop is conceived as a whole which has a beginning,

the groundbreaking, and an end,the harvest. This unity is

not visible in figure 11.

— in orderto discover the cycles, it is necessary to represent

at least eighteen monthsin x and to repeat the crops at the

beginning (H)andat the end (M.,) ofthe cycle in y.

— in figure 11 attention is monopolized by deciphering the

graphic, whereas figure 12 makes one regret the lack of

complementary information: cultivated areas, amount of

work, feast days, market days, demography, which could

easily be represented, thus furnishing a true reconstruction

of communallife.
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4. The matrix-file

The technique of the image-file (page 258) enables us to

compensate for the absence of permutation equipment and

to process information # +, which is normally submitted to

a reorderable matrix. The construction in figures 1-5 here

is called the “matrix-file.’ It has the simplicity and capac-

ity of the image-file, but the impossibility of permuting in x

causes a substantial increase in the numberof classings. As
a result, somethirty indicators is a maximum.

Mossi colonization in the Bwa country (UpperVolta)

(After Michel Benoit, “La Genése d’un espace agraire mossi

en pays bwa [Haute-Volta],” L’espace géographique no. 4

(1972), pp. 239-250.) In figure 1 the image-file 1s applied to

the study of agrarian land. Along x are 350 parcels of land;

along y twenty-seven indicators. Conceived on the verysite

of the study,this file permitted numerousclassings, of which

four examples are given here.

Figure 2: Thefirst-order classing is by crop (row 13), the

second-order by area (row 1), then the crops are classed by

mean distance from dwelling (row 4). This classing permits
characterization of the crops.

Figure 3: The first-order classing separates common

parcels from personal parcels (row 9), then the personal

parcels by sex (row 14). The second-order classing is by

crop (row 13), and the third-order by area (row 1). Here the

personal parcels are characterized, whichrefines the charac-

teristics of the preceding classing.

Figure 4: In first-order classing are the women’s personal

parcels (row 14); in second-order, the number of years the

crop has been planted (row 6); in third-order, the type ofsoil

(row 26). Herea first typology of the parcels, taking account

of numerousindicators, can be defined.

Figure 5: Thefirst-order groups are parcels from the same

farm (rows 16, 17, 19, 20); the second-order, years spent by

the ownerin the village (row 8); third-order, area of farm

(row 5); fourth-order, area of the parcel (row 1). Here we

reconfirm the great homogeneity of farms which character-

izes the colonial system.

5. An array of curves

This construction (see also pages 239-243) accommodates

extensive lengths in x and y (several hundreds) and is par-

ticularly useful in historical studies. The example in figure

6 treats twenty “rates of exchange,” across 200 dates. The

classing in y is of a geographic nature anddisplays a finan-

cial regionalization andits periodic characteristics.

For certain information, the array of curves can be per-

muted, not only in y but also in x. When the curves repre-

sent the stages in the life of an individual or an object, for

example, they can be aligned on variousbases, independent

of the first reference system.
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6. An ordered table

An ordered table shows how various elements are arranged

in relation to two orders which the reader can easily grasp.

A table can have only two or three components(see rect-

angularor triangular scatter plots, page 254, and also pages

251-252). Here is an example involving five components.

The Cubancrisis
(After A. Joxe, “La Crise cubaine de 1962, Eléments princi-

paux de décision, au cours de la crise ‘chaude,’ ” E.P.H.E.:
Groupe détudes mathématiques des problémespolitiques et

stratégiques [February, 1963], Document 3E.)

The information can be analyzed as a series of decisions

which are: ~ potential or actual; # American or Russian;

~ of different kinds; O as to time; O as to risk of war. The

two ordered components are universal, easy to grasp, and

will thus form anefficient table (figure 1). It only remainsto

diversify the decisions according to three components:

~ 2, potential or actual decisions, are represented by value:

light-dark.

~ 2, American or Russian decisions, alternate along x. To

differentiate them more clearly, we add a value difference

and two shape differences—flags andtitles—to the verti-

cal bands.

#, kinds of decisions, are denoted in writing and are read-

able only on the elementary level.

The elementsof this crisis are obviously more numerous

and complex (one need only imaginethe strategic and logis-

tic problems posed byeach eventuality), but it is the aim of

“Communication”and languages to consider this complexity

as “reducible,” and to attempt to display a choice of elements

such that one can become “informed”of the principal char-

acteristics of the crisis.

Put into image form, this choice has the advantage over

a written report of opening the discussion at any point, and

any objection, any different choice, immediately implies a

visible chain of consequences.

7. A collection of ordered tables

A collection of comparable tables (that is, where the refer-

ence plane is similar) permits us to reduce the component

formed bytheseries of tables through classings and group-

ings. When this componentis ordered,as in figure 2, we can

define “periods”; when the component is reorderable, we

can define “types” (see page 266).

Demographic periods

(After R. Baehrel, La Basse Provence rurale (Paris:

S.EN.P.E.N.,1960].)

This information has four components: Q of population

according to ~ three age groups (young,adult, elderly, #

villages, O of dates.

~ 3 authorizes a triangular construction, since the total

of the three categories is meaningful. Two solutions are

possible:
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(1) Construct one image pervillage (see figure 14, page 233),

thus forming a collection of villages. The time orderis rep-

resentedby a line joining the dates.In this case, we perceive

that all the villages tend to resemble each other in their evo-

lution, whereas graphic processing 1s more efficient when

the type of construction producesdifferent images.

(2) Construct one image perperiod, as in figure 2, by super-

imposingall the villages. The differences among the images

characterize the periods.
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Comparison of languages

(After Alan Lomax and Edith Trager, “Phonotactique du

chant populaire,” L’Homme4, no. | [January—April, 1964):

5-55.)

Tape recordings of innumerable types of “folk song” form
an inoperable inventory if not transformed into a sign-sys-

tem whichwill facilitate comparisons. The graphic imageis

an instrument which enablesusto exploit these riches.

It should be noted from the outset that the collection

assembledhere consists of folk songs recorded uniquely by

local singers, that the analysis does not concern the music

but only the words, and at that only the vowels. To make

use of this collection is to pose a problem involving seven

components.

This is a “population” of sounds: O ordered in time and #

different according to: ~ phonetic differences, ~ language

differences, # regional differences, ~ differences in kinds

of song, ~ differences of stanza or refrain, ~ differenttitles

of songs.

Construction of an ordered table
First the sounds must be represented. Numerous graphic

solutions are imaginable, the best in this case being the

“vocalic map”(figure 1), which situates all the vowels in rela-
tion to three variables: the openness (or in English, height

of the tongue), the anterior-posterior variation (sounds from

the throat or the mouth), the form ofthe lips (roundedornot).

This solution adds two additional variables to the problem,

since it transforms # phonetic differences into O difference

of height of tongue, O anterior-posterior difference, ~ form

of the lips. This enables us to construct an ordered refer-

ence table which reserves a particular place for each pos-

sible sound.

The timeorderis represented in the following way (figure

2).

Eachsoundis linked to the following onebya thick black

line tracing the first phrase, then by black dashestracing the

second, then by a red line for the third, and red dashesfor
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| Circle indicating sounds used

= 1st phrase

2nd phrase
a P

Prolonged sound

83rd phrase

4th phrase

L Same sound repeated several times
sae = 2times

#88 = 3 times,etc.

The parallelism among severallines
showsthat they go from one same
sound to another same sound. 

the fourth (all these are reproduced in black and white here,

wt ch makesthe soundorderlessvisible).

( ertain very long stanzas have been divided into two

im iges (see example 18 in figure 3). In spite of this initial

dis inction, the number of lines still produces confusing
im ges.

F owever, in general the numberofpaths followed (number

of inkings between two sounds) is relatively small. This

Col stitutes a second element of distinction, provided each

pat 11s perceptible.

T 11s task has beenentrustedto the visual notion of straight

par ulel lines, and the impact point of each sound can be

enl rged (see examples 16 and 36).

A c illection of tables

The images thus obtained allow us to compare all the

rec: rdings. All the other variables of the problem are simply

rec: rded on the image, always in the same place, and the

col] :ction of tables can be classed in different ways.

T te presentation in figure 3, for example, tends to class

thei 1 from top to bottom by country and complexity (except

for 1 1e Bushman, whichshould beat the top), and from right

to Ic ft by kinds of song: (1) refrains; (2) lullabies, blues, mel-

odie 3; (3) the rest.
T] is classing shows that the Romance languages do not

con! ‘ast with the others, but that the Mediterranean lan-

gua: es (Spanish, Italian, Greek, Serbo-Croatian) form a

muc 1 simpler group of images, as opposed to the complex

ima, es of English, French,Irish, ....

Ni te the simplicity of all the refrains (R) and the ten-

den y of lullabies toward a horizontal line, which is also

foun 1, incidentally, in the melody, the religious chant, and

the t lues!

M ny other observations are possible, and we come

to re z3ret a lack of more examples for each kind and each

lang age (do all Spanish songsend as herein a triangle?)

and hat other characteristic languages (German, Russian,

Arabc, Asiatic languages) have not yet been “mapped.”
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8. A collection of maps or a matrix permutation?

The properties of a collection of maps are dealt with begin-

ning on page 397. We should note here that within certain

limits of information length, the collection of maps and the

matrix permutation are both possible. These limits are the
following:

GEO 400 X 150 indicators: matrix

GEO 150 X 400 indicators: matrix

GEO 500 X 30 indicators: matrix-file

GEO 1000 X 10 indicators: image-file

The image-file on page 259 treats 1000 communesacross
nine indicators. It permits us to discover a typologythatis

more precise and more certain than we would find from the
comparison of nine maps.

Figure 1 above, the study of rural planning for the Tulle

region in France, deals with sixty-two communes across
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108 indicators. These lengths authorize both the collection

of maps (automated) and the matrix permutation.

This extract shows how the maps are grouped in order

to characterize certain regions, and how the matrix (figure

2) can lead to a geographic synthesis (figure 3) and a map

(figure 4) based onall the indicators.

But when the geographic component exceeds the matrix

lengths (a study involving the 38 000 French communes,for

example), the collection of maps becomesthe only possible

form of graphic processing. However, we can utilize matrix

processes by calling upon mathematic “routines” (factor

analysis, clustering typologies) by which extensive lengths

can be reduced to dimensions which are approachable by

graphics.

All modern problemslead,in the final analysis, to concep-

tion of a “processing chain,” in which the computer affords

the meansofutilizing both automated algorithmsandvisual

manipulations, whether with matrix or map.
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Il. Networks
(flow charts, trees, inclusive relationships)

Definition
Whenthe correspondences on the plane can beestablished
amongall the elements of the same component,as in figure

], the graphic is a network.

Process of construction:
The transformation of a network
The new, pertinent information stems from the observed

correspondences (figure 2), which musttrace the simplest

and most efficient image possible. Accordingly, each set
of information poses a particular problem and entails a

process of construction which distinguishes a network from

a diagram.

In a diagram, one beginsby attributing a meaning to the

planar dimensions, then one plots the correspondences.

In a network, one can plot the figures on a plane which

has no meaning, and then look for the arrangement which

produces the minimum numberofintersections, or the sim-

plest figure. After this transformation,the graphic will yield

maximum efficiency, based on the discovery of a meaning-

ful order expressedbythe plane.

Meaning of elementary figures
In a network, the size of the points, the length and width of

the lines, the size and shape ofthe areas, theoretically have

no meaning on the plane. Their presence merely signifies

presence of an elementor of a correspondence between two

elements. On the other hand, the correspondences may be

oriented in one direction or another, which can be expressed

either by an “arrow” or by a meaningattributed to certain

parts of the plane, or by both.

Unity of the image

Since the network occupies the two planar dimensions, any

other components must be represented byretinal variables.

As a result, a network can only be perceived as a single

image when two components are involved: one forming the

network, and a second represented by an ordered retinal

variable.
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CONSTRUCTION AND TRANSFORMATION
OF A NETWORK

Consider the data: A is father of B, C, D; C is father of F, G,

H; B is father of J and K. A genealogical tree depicts the set

of correspondences(kinship relations) linking the members

of a family, that is, the elements AB ... of a group of individ-

uals. A flow chart represents the set of relationships linking

a series AB ... of preestablished functions. These datasets

are constituted by the relationships among the elements AB

. .. Of a single component. When such information is tran-

scribed onto the plane, it produces a NETWORK.Forthe

same information, various constructionsare possible.

Available graphic means

We have seen that graphic representation (implantation)

involves three elementary figures: the point, the line, the

area. The elements AB . . . of a component can be repre-

sented by points andthe relationshipsby lines, or conversely.

In certain cases, the lines alone can represent both elements

and relationships. The same is true for areas, when the

relationships are inclusive. Furthermore, the utilization of

the planar dimensions (imposition) enables us to organize

these figures in a rectilinear or circular manner, or order

them along one of the two planar dimensions. A perspec-

tive drawing can suggest depth andsituate the network in a

‘“‘three-dimensional” space. Finally, any network can be con-

structed in the form of a diagram, provided the component

AB ... is represented twice. In the set of figures opposite,

implantations and impositions are combinedtoillustrate the

various possible constructions of a network.

Types of network construction

A rectilinear construction (figure 1). This type of construc-

tion orders the elements. The relationships are curves and

can be distributed from one partto another onthe line. This

construction is useful when AB .. . has an ordered charac-

teristic (page 273) or when the nature of the relationships
justifies a distribution in two groups.

The constructionsin figures 2 and 3 are possible only ina

series without ramifications.

A circular construction (figure 4). By arranging the ele-

ments AB... on acircle, any relationship can be transcribed

by a straight line. This is the construction which produces

the least confusing image, whatever the numberof intersec-

tions stemming from the raw data. Consequently,it is useful

for a first graphic transcription, enabling us to pose visually

the problem of simplification. The constructionsin figures 5

and 6 are governedby the sameprinciplesas thosein figures

2 and 3.

Irregular arrangements. One can forsake rectilinear

or circular alignment and use the entire space to arrange

the elements. In figure 7, the relationships are represented

by lines, the component AB... by points. In figure 8, the

opposite is true. In figure 9, lines alone represent both. In

figure 10, the example chosenutilizes the properties of area

representation. By expressing the notion of inclusion, areas

enable us to transcribe all the relations in the information

being considered. They can either, as here, express both the

element and all the successive groups whichit engenders, or

group elements amongeach other(see page 282).

Regular arrangements. In the preceding examples, neither

of the two planar dimensions was meaningful. If one con-

siders the vertical direction to represent the order of gen-

erations, one arrives at the classic form of the genealogical

tree (figure 11). The ordered meaningofthe planefacilitates

comprehension of the image in contrast with figure 7. A

line-point inversion leadsto figure 12, in whichtheseries of

generations 1s represented successively on one or the other

of the two planar dimensions. Lines alone are utilized in

figure 13, which, in this case, appears to be the simplest

solution (see also page 276). Areas can be constructed in an

ordered manner and can trace out images which areeasily
accessible, as in figure 14.

Perspective drawings. Whatever the arrangementoffive

points on the plane, their correspondences will produce at

least one meaningless intersection (figure 21). However, if

we suggest three-dimensional space, it is possible to avoid

any intersection (figure 22). If the drawing creates a sense

of volume(figures 15-18), it will also suggest that the lines

do not cut across each other. The impression of depth is

obtained by utilizing various perceptual properties (see

page 378). In figure 15, the elements 1, 2, 3, . . . of the com-

ponent are represented by points. The set of relationships

is simplified considerably when these same elements 1, 2,

3, .. . are represented by lines (figures 16 and 17). Areas can

also be situated in three-dimensional space(figure 18), illus-

trating the stratification of generations, already suggested in

figure 14.

Diagrams. Any network can also be constructed in the

form of a diagram. One merely represents the component

twice and considers the elements AB .. . as starting points

for relations leading to arrival points AB .... Two construc-

tions are possible. Parallel alignments (figure 19) are useful

for comparing orders (see pages 248 and 260). A matrix

such asthat in figure 20 allows for permutations in rows and

columnsand canthuslead to the simplification of complex

information by diagonalization.

The transformations of a network
The simplest, most efficient construction is one which pres-

ents the fewest meaningless intersections, while preserving

the groupings, oppositions, or potential orders contained in

the component AB.... In the absence of a simple and general

calculating procedure, which would permit us to define the

optimal construction and arrangement of the elements for

given information, it is necessary to pose and resolve most

problems graphically. When the information is not too

complex, experience showsthatit is the circular construction

whichaffords the best visual point of departure. For example,

it permits us to discover that the order ABEJKDHGFCelim-

inates meaningless intersections (figure 4) or to see that an

arrangement (page 278) produces a greater simplification. It

also enables us to reconsider the conceptualrelationships con-

tained in the component AB... (See figures 5 and 6, page 274).

Whenthe information is highly complex, the permutable

matrix (figure 20) affords the means of proceeding to an

initial simplification prior to construction of the network.
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EXAMPLE OF STANDARD CONSTRUCTION

Figure | shows the schema of an economic circuit (after

Edmond Malinvaud, Jnitiation a4 la comptabilité nationale

[Paris: Imprimerie nationale, 1957]).

Analysis of the information:

*~ four groups of economic entities (households, enter-

prises...) and

~ four types of vectors (directed relationships).

Each group (element) is placed in a circle. The correspon-

dences are represented by straight lines, which are differ-

entiated by a redundant combination of value, shape, and

texture.

FIRST EXAMPLE OF TRANSFORMATION

Elector movement in 1953 (after P. Vieille and P. Clément,

“LExode rural,” in Etudes de comptabilité nationale, no. |

[Paris: Ministére des Finances, 1960)]).

Information:

O six categories of communes(Paris [P], suburbs [Z], rural

communes [R], communes with more than 50 000 inhab-

itants [+50], more than 10 000 [ +10], less than 10 000

[-10]), joined by vectors, according to

Q of moved electors (net movement), which weights the

relationships;

Q of total population, which weights the categories of

communes;

* two age classes (21—29 and 45-59).

If the objective is to compare the two age classes,it is

advisable to construct one image for each.
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The standard construction (figure 2)

This construction gives us an initial look at the structure of

the weighted relationships (figure 3) and leads us to place

the rural population in the center (figure 4). We then utilize

a regular arrangement, producing two images(figures 5 and

6), which are in stark contrast.

But, the attentive readeris not fully satisfied by these con-

structions, since the central position of the group of rural

communes makesit a privileged group, overwhelming all

the others. The concept “categories of communes”1s, after

all, a concept whichis ordered from the largest to the small-

est commune,and the reader unconsciously feels the need to

comparethis orderto the quantitative order of elector move-

ments and their directions.

A linearconstruction (figure 7)

Here one can order the categories from top to bottom by

communesize (not by the total population of each group),

thus giving a meaning to the plane.It is then possible to

divide the relationships into “‘ascending” (toward the top)

and “descending” (toward the bottom) ones. The compari-

son of the two imagesis striking, and each group of com-

munesreceives a visual characterization which is no longer

determined by a slighted or privileged position on the

plane, but by the total content of the information. Thus we

can see from figure 7 that the direction of emigration for

young persons (21-29 years old) from all groups of com-

munes (except Paris), and not only from rural communes

(as it appeared in figure 5), is directed towards the larger

communes.
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SECOND EXAMPLE OF TRANSFORMATION

Financial exchange among five main groups of economic

entities in a market economy(after J. Cuisenier [Laboratoire

de Cartographie, E.P.H.E.]).

Analysis of the information:

~ five groups of economicentities (administration [A], Euro-

pean farming [B], Tunisian farming [C], Tunisian house-

holds {D], and outside interests [E]), linked by vectors

(directed relationships)

Q of francs (millions) weighting entities and relationships.

In figure 1, the groups are arrangedin such a waythatthe

inputs are situated on the same side for each group. This

construction produces no visual simplification. In order to

reduce the numberofintersections and discoverthe simplest

construction,it is first necessary to study the network ofrela-

tionships. The circular construction (figure 2) is generally

the one which permits the best visual posing of the problem.

It leads to a first simplification (figure 3), from which wedis-

cover that the arrangementin figure 4 eliminates all inter-

sections. It is then necessary to consider the elements being

represented and determine whether their meaningscreate
distinct groups which planarposition could highlight. This

is the case here. The five elements are distributed in two

groups: farming operations and general economicentities.

Consequently, in spite of its two intersections, figure 5

is superior to figure 4. The arrangementin figure 5 reveals

the two groups and allows us to compare the two types of

farming operation (figure 6). Figure 4, which combines the

elements of the two groups and doesnotallow a clear com-

parison of the two types of farming operation,is not so acces-

sible, even though it involves no meaningless intersections.

EXAMPLE OF AN IRREGULAR ARRANGEMENT

Figure 7 depicts a squadron with good morale (A) and a

squadron with poor morale (B), after a study on leadership

and isolation by John G. Jenkins (1945).

Analysis:
* personnel hierarchy (commander, second in command,

men, individuals outside the squadron)

# two typesof relationship (friendship: black line; enmity:

brokenline)

~ two squadrons.
The objective is to compare the two networksofrelationships.



The arrangementof the personnelis similar in each squad-

ron and occupiesthe entire plane. The contrast between the

two squadronsis perceptible only if we can distinguish the
networks of friendship from the networks of enmity.

This visual differentiation is obtained by retinal differ-

ence of value.

The contrast between the networks of friendship is strik-

ing and underlines the broken nature of squadron B. One
also notices an equally perceptible contrast between the net-
worksof enmity.

APPLICATION OF NETWORKS
TO CLASSIFICATIONS

AS we saw on page 248, the distance between two rankings

can be defined by the numberof their “inversions.” We can

visually portray the distances among n different rankings by

a network in which each ranking is represented by a point,

and the distances by lines, one line representing a distance

of 1, two lines (end to end) representing a distance of 2....

Figure 8, for example, shows a networkof the six possible

rankings of three objects. The distances are added: from

ABC to CAB,the distance is 2. Note, however, that the dis-

tance is represented by the numberof links. The length and

shape of the fines are not meaningful, so figure 9 has the

same meaning asfigure 8.

Reading a network

The above example forms a simple image, but whenever the

numberof objects to be ranked exceedsthree, the figure can

no longer be interpreted on the overall level. It becomesnec-

essary to read it on the elementary level, to follow the short-

est path point by point in order to pass from one ranking to

another. The construction of such networksrequires several

precautions, since it is easy to arrive at erroneousfigures.

For example, four objects A, B, C, D, furnish twenty-four

possible rankings. Represented asin figure 10, certain lines

join rankings whichare distant by five inversions!

In order to construct the correct representation (figure

11), we adopt the following method: Take a ranking. Place

its three immediate neighbors at a distance of 1, then the

immediate neighbors of these, etc. The distances are to be

added on the shortest course, provided we consider the dis-

tance between two rankingsto be represented by the number

of links on the shortest chain (based on the numberoflinks)

between two rankings.
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TREES

A network in which there is only one possible path to go

from one point (node) to anotheris a tree. Figures | and 2

are both networks, but figure 2 1s also a tree. The genea-

logical tree is the most common example of this geometric

figure, but we also find it in classifications, structural analy-

ses of property and language,etc.

Points and lines
We have examined (page 270) the main possible construc-

tions of a tree. The classic construction (figure 3) has the
advantage of simplicity in drawing. However, it is not the
simplest to evaluate visually, and any increase in the number

of relations limits its possibilities.

Replacing points by lines, as in figure 4, simplifies the

figure and permits us to eliminate the points, provided the

lines are delimited by changesin direction (figure 5).

This principle is often utilized in kinship networks. The

conventional form (figure 6) can be simplified, as in figure

7, where a manis represented by a dark line, a woman by a

broken line (or a thin line). Complex forms, such as that in

figure 8, finally become readable (figure 9). (After J. Cuise-

nier, “Pour l’utilisation des calculatrices électroniques dans

J
eo

l’étude des systémes de parenté,’ in Calcul et formalisa-

tion dans les sciences de l’homme (Paris: C.N.R.S., 1968],
31-46.)

5

Circulartrees
A substantial increase in the numberofrelations leads to a

tree spread out overall directions of the plane (figure 10).

However,it has the disadvantage of not making the various

stages of the tree perceptible. A first ordering is provided by

the construction in figure 11, which uses an ordered circu-

lar web. This sameprinciple is applied to the genealogical

tree of Genghis Khanandhis descendents (after M. Toptchi-
bachy, “Rachid-ud-Din, la réunion des chroniques,” unfin-

ished work). Figure 12, which uses the form depicted in

figure 3, produces a good deal of visual confusion; whereas

figure 13, based on the form shownin figure 11, displays

the genealogical sequence more clearly. Figures 12 and 13

are reductions of the original drawings, 90 cm in diameter,

which include the identification of 1230 persons. Genghis

Kahnis singled out by a circled point.

However, the order of generationsis only detectable on the

elementary level of reading (it 1s difficult, for example, to

locate the father or the brothers of Genghis Khan).
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Seeking a perceptible order

Figure 1, which represents only one sector of the circle,

renders the succession of generations more perceptible. It

approximates a plane ordered from top to bottom, but A

appears to be morerecentthan B!

In the final analysis, it would seem that figure 2, in which

the plane is ordered and the lines denote individuals, repre-

sents the most efficient construction for an ordered genea-
logical tree (A is visibly anterior to B). This form can depict

the length of each individual’s life and can be extended to

numerousgenerations.

Very numerous populations can lead to a square (figure

3), which preservesall the properties representedin figure 2.
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Application of trees to linguistic analysis

A visibly ordered tree has also been applied in recent

methods of linguistic analysis. One such example is the

“stemma” of L. Tesniere (Eléments de syntaxe structurale

[Paris: Klincksieck, 1958]).

All thought is multidimensional and results from the con-

vergence of several concepts. The nature of verbal language

resides in the linearization of this convergenceandits tran-

scription in a temporal sequence.

L. Tesniére attempts to break down the linearity of the

sentence and rediscover the basic thought, whatever the

language. He proposes constructing a sentence in the form

of a “stemma,”that is, according to a tree which portrays,

not the sentence extended over time (where the gram-

matical sequence of elements changes from one language

to another), but the concepts expressed, in their universal

attributional relations. He takes a ~ component, whichcat-

egorizes the wordsin four species—substantives, adjectives,

verbs, adverbs—andrepresents them by signs—O,A, I, E—

that is, by a variation in shape.

He uses the two planar dimensionsto construct the rela-

tions constituting the thought to be expressed. The stemma
will thus be practically constant for a given thought, no

matter what the language(figure 4). The stemmais a means

of analyzing a thought and comparingit to another thought,

but it does not permit comparing different languages or

grammarsin terms of the same thought.

In order to compare languages, it would be necessary

to visually restore the linear regime characteristic of each

grammar. This is the tendencyof studies like those of Y.

   

  

  

| A REGNE REIGNED

/\, JULIEN ANS JULIAN YEARS

A TROIS THREE

4 € DURANT DURING

| verb ~~]
E adverb ~~

 
O substantive

   

      A adjective   

JULIAN REIGNED DURING THREE YEARS
5 JULIEN A REGNE TROIS ANS DURANT

Lecerf and P. Ihm (Elémentspour une grammaire générale

des langues projectives [Brussels: Euratom]). These authors

give an ordered meaningto the horizontal dimension of the

plane—the order of the words in the sentence—and Tesn-

iére’s stemmas becometrees which are ordered along one

dimension.

However, the properties of the image would no doubt

allow even more. All the images of the same thoughtcan be

compared, provided they are constructed on a plane which

has constant meaning. Consequently:

— if one gives to the vertical dimension of the plane the

meaning # (verb, adverb, substantive, adjective);

— and since the order adopted vertically is preserved across

all the languages, the signs become unnecessary;

— and if one also adopts a constant spacing between the

words on the ordered horizontal dimension of time;

then all the images become comparable, since the two planar

dimensions have a homogeneousand constant meaning (see

figure 5).

The transformation of the images and their particular

shapes represent the differences in grammatical structures

for the expression of the same thought. The images, and

therefore the grammars, can be grouped by types of resem-

blance and thus foster numerous experimental classings.

Incidentally, one can compare these methods with those

outlined on page 265 and observe that, in fact, we have a

network constructed on an ordered plane, which amounts

to having a “map.” The drawingsin figures 4 and 5 here are

‘“‘srammatical maps.”
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Superimposition of two trees

Consider the genealogy of the populations of Djebel Ansa-

rine (after J. Cuisenier, “Endogamie et exogamie dans le

mariage arabe,” L’Homme [May—Aug. 1962], pp. 80-105).

The representation of both sexes in a genealogy involves two

trees. In order to superimpose them,the designer must con-

struct one and depict the other by a “trellis.”

In figure 1, the male tree constitutes the base of the

representation. This is consistent with the tribal concep-

tion of the society being studied and highlights the differ-

ent lineages (note the visual differentiation of the lineages

obtained by shading, which creates an area rather than an

additional line). The women form a complex trellis which,

to avoid confusion, must be differentiated visually, by being
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transcribed in a light value. In spite of its complexity, this

tree highlights the importance of alliances between paral-

lel cousins (underscoredby lines of darker value). This trait

characterizes the matrimonial regime of the population and

distinguishesit, for example, from the Eskimo regime, as

described by J. Malaurie in collaboration with Léon Tabah

and Jean Sutter (“L’Isolat eskimo de Thulé,” Population 7,

no. 4 [Oct.-Dec. 1952]: 675-692). Thus, the objective of

genealogical trees can and must go beyond the elementary

level of reading whereit constitutes an inventory of all the

kinship relations. As an overall image, the tree can be used

either to compare family structures as they differ in space

and time, or to compare family structures with socioeco-

nomic structures that are based on the possession of wealth.

  

Women married
from other lineage

Network and exterior relationships:

Supplementary components

The preceding information, no longer considered overtime,

but for a given period, permits us to identify the nature and

extent of relationships among given lineages, as well as

between these lineages and the outside world. The informa-

tion becomes:

~ eight lineages plus the outside world and relationships,

according to

Qof directed relationships (women whom marriage causes

to leave or enter the lineage).

This is a network(figure 2). Each group (lineage) contains

various notations, translated by conventional signs, which

recall and summarizedifferent aspects of the relationships

for each group.
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AREAS, INCLUSIVE RELATIONSHIPS

Considerthe constitutions of 1795 and 1875 (after C. Morazé,

P. Wolff, and J. Bertin, Nouveau cours d’histoire (Paris: A.

Colin, 1948}).

The constitutional organization of a country, with its dif-

ferent seats of power and their relationships, forms a complex

network of relations of incidence or inclusion which are

more or less hierarchical. Graphic representation allows us

to emphasize their characteristic traits, by combining inclu-

sive relationships (elements in areas) with oriented relation-

ships (vectors).

CONSTITUTION DE 1875
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The constitution of 1875 (figure 1) appears as homoge-

neous and hierarchical. Without our needing to define it,

the plane suggests a meaning which is ordered from top

to bottom and at the same time forms categories on equal

levels horizontally.

At a single glance, the constitution of 1795 (figure 2) illus-

trates the politics of laisser faire characterizing the Direc-

toire. This example showsthat the plane can visibly suggest

a meaning of “nonorganization”or disorder.
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PERSPECTIVE DRAWINGS

The lattice of tetrahedrons(figure 3), developed by Genev-

iéve Guitel (“Compte rendu,” Académie des sciences 5, no.

235 [November 1952]: 1274), is a spatial figure which allows

us to pass from a tetrahedron of type O (six acute elements)

to any other type of tetrahedron by the successive addition

of a single obtuse element. This is a “three-dimensional”

network.

The “totemic operator” of Claude Lévi-Strauss (La Pensée

sauvage [Paris: Plon, 1962]) presents a microcosm of the

problem of categorization. It involves two contrastingtrees,

whoserelationships intersect two by two (or three by three,

four by four, according to the numberof paths at each node).

Inscribed on a two-dimensional plane (figure 4), it pro-

duces numerous meaningless intersections.

Imagined in “perspective”(figure 5),it avoids intersections.

In both figures 3 and 5, the suggestion of volume results

from a variation in the width of the lines, which creates the

illusion of different planes in depth (see also page 378).
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III. Maps

Definition

A graphic is a geographic “map” whenthe elementsof a geo-

graphic componentare arranged on a planein the mannerof

their observed geographic order on the surface of the earth.

Let us recall that a geographic component can always be

constructed in a linear manner, thus taking the form of a

diagram (see page 51).

Since geographic space is continuous, one can always

imagine a more precise survey, a more refined enumeration,

which means that geographic information always results

from human choice. It cannot, therefore, be a question of

“accurate maps,” but of a degree of cartographic accuracy,

involving twolevels: the degree of precision of the informa-

tion, provided by the topographer or researcher; the degree

of precision of the representation, produced by the designer.

The construction and meaning of elementary figures

A mapis an ordered network. One caneither representthis

order (geodesy, topography) or reproduce the survey’s data.

The geographic elements can take the form of POINTS,

without theoretical area (geodetic points, junctions, cross-

roads), LINES, also without area (coast lines, river axes,

natural or human boundaries), or AREAS, which do have

perceptible dimensions(cities, lakes). Since any representa-

tion requires a minimum amountof planar area in order to

be visible, it is obvious that:

— only areasare theoretically representable;

— lines and points are always conventions. However, since

they signify a position area, they can be madeto vary in

planar area whenrepresenting additional qualitative or sta-

tistical components. Of course:

— positional meaning naturally relates to the center of the

point or the axis of the line;

— areas cannot vary in size without varying in position.

Thus in order to express a “thematic”? component, their

space must be filled in with points or lines which will

portray the variations within that component.

Unity of the image

The geographic network occupies the two dimensionsof the

plane. Consequently, the other componentsof the informa-

tion must rely on “retinal” variables for their graphic tran-

scription. Thus a map can only be perceived as asingle

image when two componentsare involved: the geographic

component and a second one, represented by an ordered

retinal variable.

In any problem involving more than two components, a

choice must be made between the construction of several

maps, each one forming an image, and the superimposition

of several components on the same map.

A series of diagrams (graphics involving two components

Or more) superimposed on a geographic base will be called

“CHARTMAPS.” They are formed of as many images as
there are diagrams(see page 119).

Graphics which deform the geographic base in order to

display a nongeographic component will be called “CAR-

TOGRAMS.” They can form an image, but at expense of

deforming the geographic shape with whichthe readeris

familiar (see page 120).

CHARACTERISTICS OF THE

GEOGRAPHIC COMPONENT

The reading of a map
The irregular shape displayed on the graphic immedi-

ately indicates the presence of a geographic representation.

Without reading the title, we know that a map is involved.

Butin orderto assimilate its content, we mustbe able to rec-

ognize the components of the information and IDENTIFY:

— the space represented: Whatregion is involved?

— the invariant: What doeseach line, each point depict?

— the “thematic” components: What is the difference

betweenthe red lines andthe black lines?

In adiagram, the WORDSofthetitle and the terms written

along the planar dimensionsprovide these identifications.

In a map,it is the title and legend which enable usto iden-

tify the invariant and the thematic components; these have

a standard arrangement and formulation, as we have seen

(page 19).

But we mustalso be able to identify the geographic order

represented bythe plane.

Geographic order

Represented by a straight line (diagrams, tables) the geo-

graphic elements have no particular properties. Like other

components, the geographic componentis characterized by

its level of organization andits length (numberof categories).

It lendsitself to classing, permutation, and simplification.

Transcribed according to the geographic order as observed

on the surface the earth, the geographic elementstrace out a
map, that is, an ordered network.

Cartography, the planar translation of geographic

order, is the sole means of simplifying the geographic

componentasa function of spatial relations. There is no
other system which can accomplish this “regionalization”

of space.
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Properties of geographic order

Amongthe ordered concepts on which knowledge is based,

geographic order has uniqueproperties:

It is visible, which means that the same sense, sight,

governs its perception as well as its graphic translation.

This fact, the transcription of a space (geographic) onto a

space (sheet of paper), has made the mapthe simplest, the

most comprehensible (and thus the most ancient) of graphic

representations.

It has two dimensions, and for this reason it provides the

most practically divisible component, that in which we can

identify the greatest number of categories without having

to use complex apparatus and definitions. For example, on

the most elementarylevel, time affords three unambiguous

categories: before, during, after. On this same level planar

space offers five: in front, in the middle, at the back, on the

left, on the right.

It is constant on the scale of humantime. This property,

linked to the preceding one, makes geographic order the

component which offers the greatest number of constant

practicalreference points.

It is universal; that is, any identification based onits ref-

erence points, whoever the author, gives nearly the same

visual shape.

Whatever the number of diagrams previously observed,

a complete identification must be undertaken for each new

diagram.

On the other hand,cartographic observations, by repeating
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themselves, by fitting into a universal structure, progres-

sively facilitate the effort of identification, and construct a

unique mental totality, which is homogeneous and ordered:

the geographic reference system.

Thus, whenever problems of memorization are posed,

geographic order remains the mostprivileged domain, even

though spatial relations might appear, particularly in human

contexts, to be less significant than age relations, or social

and professionalrelations.

These properties of identification also make geographic

order the most privileged domain for problemsof “visual

communication.”

Recent experiments seem to indicate that, due to auto-

mated means of drafting and especially of graphic docu-

mentation, graphic processing is at least as efficient as

purely mathematical processing, whenever a large number

of concepts is involved and whenever all knownrelevant

information can potentially be introduced into the problem.

Cartography is fast becoming the most practical compara-

tive basis for integrating and reducing the vast reaches of

modern information. If the geographer seeks to define a

domain in termsof space in orderto discover“regions,” and

if the historian seeks to define a domainin terms of space

and time in orderto discover “civilizations,” the cartogra-
pher can be said to use spacein orderto “inform” us about

all conceivable domains. The cartographeris the “mathema-

tician” of a nonmathematical system ofsigns.



A. External geographic identification

External identification is the first stage in the reading

process; a mapis Only useful when the readercansituate the

space whichit represents withinthefield of prior geographic

knowledge.

What spaceis involved? This question entails two answers:

a situation and a dimension.

Situational identification: projections

A situational identification enables us to relate the space
represented by the map to a known geographic shape.
This can be achieved through several means.

Words

A noun figuring in the title can characterize a city, a river, a

region, or a sea. For the reader, words vary greatly in famil-

larity: France; America; Dakar; Szechwan; Sidobre. .. .

Geographic indexes allow an unfamiliar word to be related

to a shape (region) which 1s already familiar.

The system of meridians and parallels

This is a universal convention, well known to the average

reader. It can be usedto relate a point on the mapto a larger

region that is already within the reader’s field of knowledge.

Identification by hundredths

This system 1s based on the geographic coordinates, but,

within the broadening framework of modern research, it

enables the reader to situate a given map in a more simple

and rapid manner. It is analogousin principle to the rectan-

gular grids used by the military on topographic maps.

The terrestrial sphere 1s cut up into 432 areas of 10° lati-

tude and 15° longitude. These areas are numberedin latitude

from | to 9 in the northern hemisphere and from 0] to 09

in the southern hemisphere. In longitude they are identified

from A (30° west of Greenwich) to X. Each one of the 432

areas is thus identified by two signs (for example, 7B) or by

three signs in the southern hemisphere (for example, 07E).

Two additional numbers can designate a rectangle corre-

sponding to a hundredth of one of these areas (for example,

7B-28).

Another two numbers can specify a hundredth of the

preceding rectangle (for example, 7B—28-44). Two more

numbers would permit situating a point down to the
kilometer!

In practice, the focal point of a given map (one involving

the northern hemisphere at 1 : 5 million, for example) can

be situated in a rectangle whose average size will be about:

22 cm for an identification having two signs

2 cm for an identification having four signs
2 mm for an identification having six signs.

This is the most convenient system for rapidly and precisely

situating the great diversity of data stemming from modern

research.

A table of correspondences (or a simple map) would allow

the reader to pass from the classic system of geographic

coordinatesto an identification by hundredths.

Thesituational map

This is a map which is on a smaller scale than the one in

question andsituatesit in relation to an easily recognizable

space.

Shape

In the final analysis, all identification of a strictly “carto-

graphic” nature amounts to the recognition of a shape.

Certain characteristic shapes are sufficiently familiar to

furnish in themselvesall the elementsof identification. Well-

knownimages,such as the mapofthe British Isles, Japan, or

France, have a degree of universality which elevates them to

a symbolic level.

However, the shapesto the average readerare notall that

numerous, and the smaller and moredistant the regions, the

more precise the external identification will have to be. In

fact, we still encounter sketches and even publications in

which asituational identification is impossible. Such a map

is devoid of “information.”

Onthe other hand,the larger the space the moretheexte-

rior shape of the map suffices for its identification. The

largest space, the ultimate reference shape,is, of course, the

terrestrial map or “planisphere.” Unfortunately the transpo-

sition of the globe onto the plane has nosingle solution;it

involves a convention whichis always debatable. This means

that the planisphere is the only map which cannot produce

an image of constant and universal shape. A succinct study

of the planisphere and its projections is therefore indis-

pensable to any further discussion.
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PROJECTIONS

The transposition of a sphere onto a plane is impossible

without bending or tearing; the planar representation of a

spherical surface will always lead to a deformation of the

relative arrangementof the elements of this surface (figure

1). The study of the nature of this deformation and the means

of reducing its impact fall within the domain of mathemati-

cal cartography.
However, since this deformation can be a source of error

in the interpretation of geographic images, we will discussit

here.It is well to be forewarnedofits potential consequences

and to know the principles for making an eventual choice

among several projections (among several planispheres, for

example) in relation to future use.

Deformation

This notion can be summarized by three propositions. To

arrive at these we take a plane that is tangent to a sphere

at point P (figure 2). Then, aside from point P, anycircle of

very small spherical area:

(1) can be represented on the planeby acircle, but of larger

area,
(2) can be represented by an equivalent area, but of an ellip-

tical shape,

(3) and any large-sized circle (except for those centered on

P) will be deformedontheplane.

A system corresponding to the first proposition is called
“conformal”; at any point on the map, the angles are similar

to their correspondingones onthe sphere,but the area defor-

mations are considerable. In these maps, the meridians and

parallels cut each other at right angles (this can also occur

in nonconformal systems: for example, figure 10, page 294).

A system corresponding to the second proposition 1s called



“equivalent”; any area on the plane is equivalent to the cor-

responding spherical area, but the angular deformations are

considerable.

A system which establishes a balance between areal and

angular deformation is called a “compromise” (or aphylac-
tic) projection.

Butin all cases where a considerable portion of the sphere 9

is Considered, as in proposition 3, there is always deforma-

tion of directions and distances (exceptfor those originating

from pointP).

 

 

Consequencesfor small spherical areas

For “plans,” such as regional maps, these deformations are

perceptible only in a precise survey of positions (in geodesy,

for example). They are not important in the comparison of

images, when these comparisons involve the sameregion.It

is sufficient that the projections be of the same nature and

on the samescale. For medium-sized regions, the use of two
different systems can render comparisonsdifficult, as with

the Mercator and conic projectionsin figure 3. The difficulty

of comparing different regions on the same mapincreasesin

proportion to the deformations inherent in certain systems;

for example, the Cameroons, West Germany, and Finland

on a Mercator map (figure 4) are in fact of similar size and

should be arranged in a different order(figure 5).

To control the equality of scales between two regions,it is

sufficient to measure the distance between twoparallels. A

difference of 4° in latitude, for example, must have the same

length in each region (figure 6). In effect, at any point on

the globe:

1° in latitude = 111.11 km (40 000 km/360); 1’ in latitude =

1852 m (111.1/60). This is the nautical mile or marine mile

(not to be confused with the statute mile or terrestrial mile,

which is equivalent to 1609 m).

 
 8°
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Consequencesfor large regions
For a continent, an ocean, or a hemisphere, the deforma-

tions become appreciable and will have a direct effect on

any problem involving a precise geographic enumeration.

Depending on the purpose of the map, one can choose to

retain either the angles (as with airway or maritime naviga-

tion systems based on radio wavefixes, such as the “Loran”

and “Decca” systems), or the areas (as with point or area

enumerations of various “populations’’). Linear problems,
such as those involving distance or flow, will have no satis-

factory solution and will require the adoption either of com-

promise systems, or of perspective projections. Indeed we

know that the eye restores the normality of shapes seen in

perspective, provided the perspective is natural and its laws

obvious.
A correct perspective can thus restore a large spherical

body and give an acceptable, though not measurable, per-

ception ofit for shapes and distances. However,the technical

conditions required—construction, shading, reproduction—

are difficult to fulfill (figure 1).

Moving the point of view can create striking positions and

define interesting systems, but it will not fulfill the condi-

tions of natural perspective perception.

— Placed at the center of the globe (figure 2), the point of

view defines a gnomonic projection, in which any great

circle arc is represented bya straight line.

— Placed onthe globe (figure 3), the point of view defines a

stereographic projection, which is conformal.

Whenthepoint of view is exterior to the sphere, the perspec-

tives become natural, “photographic,” as in figure 4. The

perspective becomes orthogonal when the point of view 1s

removedto infinity, or “seen from the moon”(see figure 5).

To go beyond the hemisphere, one can use a transpar-

ent globe and proceedasin figure 6. If the point of view is

placed on the side opposite to the observed side, then the

geographic shapes need only be inverted on the globe to be

seen in normal fashion. The transparent globe permits us

very rapidly to trace an outline for any of these perspectives,

whateverthe geographic center(figure 1).



The shape of the regions

If the region to be represented is of an elongated shape, as

is the American continent or an airway route, one can profit

from the fact that the plane can be transformed into a cone

or a cylinder without tearing. Point P (figure 7) becomes a

line, along which there is no deformation (figures 8 and 9).

Systems based on the principle of a point are called “azi-

muthal” or “zenithal” (figure 7). All perspectives are azi-

muthal. When systemsare based on the principle of a cone,

they are called “conic” (figure 9). Those systems based on

the principle of a cylinder are called “cylindrical” (figure 8).

The tangent can be replaced by the secant(figure 13), pro-

viding two contact lines for conic and cylindrical systems.

In this case these systems are also qualified as “secant”

(figures 14 and 15).

Of course, these lines are independentof the position of

the poles and the equator, and all the above constructions

can be either conformal, equivalent, or compromise.
Thus, a different system can be chosen according to the

shape of the region being considered.

A region inscribed in acircle or a square leads to an azi-

muthal system. Thisis the case with mapsrepresenting large

bodies, in atlases, for example (figure 10).

When the line involvedis a great circle arc, cylindrical

systems are the most adaptable. For example, the Mercator

projection, whichis cylindrical and conformal, suits the air

route in figure 16 (map by Kahn), the American continent

(figure 17), the map ofthe Pacific (figure 18) (after L. Strohl),

or the circular zone ofclassical civilization (figure 19). But

the Mercator system, which removes the poles to infinity,

cannotrepresent the entire sphere, and by any logic the Mer-

cator map cannot be termed a “planisphere.”

A cylindrical system is utilized for the map of the ancient

world (figure 11), which also incorporates a “secant” cylin-

der and several compromisesin the marginalregions.

When the line involved approximates a small circle arc,
conic systems are generally used. For example, they are

the bases for numerous topographic maps of the temperate

zone countries and for the atlas maps derived from them

(figure 12).  
19
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Representation of the entire globe
Whenthe entire globeis to be representedin a single image,*

the choice of a projection is of fundamental importance.

A planisphere is a pure mathematical construction, which

borrows nothing from normal perception. A system con-

ceived for one hemisphere can, for example, be geometri-

cally extended over both hemispheres(figures 1, 2, and 5).

A planisphere can be conformal, equivalent, or compro-
mise, and it can preserve directions or distances around a

point (equidistant projections). The laws of conformality,

equivalence, or compromise along with the mathematical

function describing the exterior shape, are the parameters of

each system. One can also add further constraints, such as

rectilinear parallels or equidistance from a point.

Since the exterior shape of a planisphere can be anything

whatsoever, ranging from a circle to a star, possible con-

structions are of an infinite number. Several characteristic

examplesare given in the following figures:

3—the “armadillo” projection E. Raisz, which introduces a

sense of volume

4—the square grid projection (or plate carré projection)

5—Pierce’s periodic projection, which is given on page 288

6, 7, and 8—several of the manystar projections.

*Collections of regional maps that are meant to cover the entire world on the

samescale are never planispheres, and the maps can only be connected for limited

areas. The projection adopted for the international map of the world at 1/1,000,000
is conic, constructed zone by zone (polyconic). The projection of the world mapat
1/5,000,000 by the United States Air Forceis a regional conic projection (Lambert’s

conformal); its componentsare not meant to be connected,but have large areas that

overlap from one mapto another.
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The favored region

The various deformations become more accentuated from

the central spot toward the periphery, reaching a maximum

at the boundary of the image.It is easy to calculate these

deformations for each system and to represent their progres- |

sive increase. ‘|
Figure 9 shows the area deformations found in Gougen- |

heim’s conformal system, and figure 10 gives the angular \|

deformations of Mollweide’s equivalent system (after A.

Robinson).

One normally tries to make the inevitable point (or
points) of maximum deformation coincide with the least

pertinent geographic area(s) or, stated another way, to 9

reserve the zone of least deformation for the geographic

area which is particularly germaneto the purpose of the

representation.
It is most often the populated regions which provide the

focal point of maps, so we usually place the areas of greatest
deformation in the immensevoid of the Pacific (figure 12).

As aresult, we can detect two “generations” ofplanispheres:

— classic planispheres, in which the mathematical axesof the

projection coincide with the geographic system of coor-

dinates—the terrestrial equator (or the pole) being con-

sidered as a privileged area. An example is Mollweide’s

projection (figure 11). According to the particular case,

these projectionsare called “polar” or “equatorial.”

— a second “generation” of planispheres, in which the zone

of least deformation coincides with the continents, or with

any region of the globe relevant to the purpose of the map.

An example is Brisemeister’s projection (figure 12). These

projections are called “oblique.”

Obviously the obliquity of a projection is independent

of its mathematical formula, that is, of its system, and any

system can produce a classic projection (equatorial or polar)

or an oblique projection.

To summarize:
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Examplesof several “classic” planispheres

In addition to Mollweide’s equivalent planisphere (figure 11,

page 293) several typical projections are given in the follow-

ing figures:

1—equivalent cylinder;
2—Gall’s cylinder (modified for the poles by J.

Bertin, 1950);

3—Eckert’s IV projection;
4—Sanson-Flamsteed’s equivalent

projection;

5—Gougenheim’s congruentprojection;

6—Guillaume Postel’s compromise

projection

7—orangerind projection (J. Bertin, 1950);

8—orangerind projection extended, giving a

closed Pacific Ocean (J. Bertin, 1951);

9—Goode’s equivalent projection, by juxtaposi-

tion of sectors from the Mollweide projection.
All of the above projections are “equatorial.”

10—“polar” azimuthal equidistant projection. The

whole of the outer circle correspondsto the South

Pole.

 

 
Examplesof several oblique planispheres
Along with Brisemeister’s equivalent projection (figure 12,

page 293), several oblique projections are given in the fol-

lowing figures:

11—Guillaume Postel’s compromise projection. This 1s

similar to the projection in figure 6, with the axis

through the Pacific Ocean (J. Strohl);

12—“‘Atlantis” projection. Mollweide’s equivalent projec-

tion, where the main axis correspondsto the meridian

30° west;

13—projection with regional compromise (J. Bertin, 1953),

in which the compromise is no longer homogeneous,

but is modified for a larger deformation of the oceans,

to give a lesser deformation of the continents;

14—azimuthal equidistant projection, centered on Khar-

toum; this is like the projection in figure 10, centered

to group the set of the continents, including the South

Pole, in the zone of least deformation;

15—split projection with regional compromise (J. Bertin,

1952);

16—projection with regional compromise achieved by jux-

taposition of azimuthals (J. Bertin, 1954).

Cae

aT =

Se    
   

 

The principle of compromisejustifies this latter planisphere,

in which nearly all of the deformations are placed in the

oceans. This is a juxtaposition of compromise azimuthal

projections, one per large continental mass (with the exclu-

sion of the South Pole), and each continent can be consid-

ered, with few exceptions, as equivalent and conformal. The

vast majority of readers relate geographic identification to

the shape of the continents. Thus we contend that figure 12

on page 293, and figures 7, 13, 15, and 16, here, provide the

most useful images for general geographic knowledge.



Dimensionalidentification: The scale

A dimensional identification enables the reader to evalu-
ate the extent of the space represented by the map.

A situational identification, by relating the map to a region

whosesize is familiar, can lead to an approximate evaluation

of the dimensions of the space being represented. But the

most precise and rapid evaluation 1s providedby thescale.

Note that the image is capable of representing any space

whatsoever, from the infinitely small (atomic and crystal-

line structures) to the infinitely large (charts of the heavens

and the solar system), including the “life size” image (indus-

trial and architectural drawings). What is properly called

“cartography” covers the range from the village map to the

celestial chart, and involves having to reduce the size of

natural elements. In contrast with this infinite field of pos-

sible representations, the sheet of paper is nearly always the

samerelative size, and:

THE SCALE expresses the relationship between the
linear dimensions of the sheet of paper and the dimen-
sions of the space being represented.

However, this relationship can vary upto infinity, and there
is a point beyond which human imagination can no longer

follow, where the scale becomes without perceptual meaning.

In extreme relationships, it is often omitted. This “disjunc-

ture” point varies according to familiarity with maps,andit

must be recognized that for the average reader fractionary

scales, for example, have practically no meaning. The dimen-

sions of a space mustbe identified by all possible means:

A graphic scale

This utilizes an image of knownlength, the meter, the km,

the mile. . . . It should be drawnin the simplest possible way

(figure 1), With worksheets, where spaceis lacking, it can be

placed on the neatline (figure 2).

A fractionary scale

For example, 1:5000 (“large” scale) or 1:1 000 O00 (“small

scale) are called “mapsat five thousand” or “maps at one

million”; the terms signify that any length on the maprep-

resents a length 5000 times or one million times larger in

space. In addition to the correspondence given in figure 4,

the following formulae should be retained:

at 1/10 000 1 mm on the map = 10 meters;

at 1/80 000 1 mm on the map = 80 meters;

at 1/126 720 1 mm on the map = 126.72 meters;

at 1/10 000 000, 1 mm on the map = 10 000 m = 10 km.

(1/126 720 is 1/2 inch to the mile; 1/253 440 is 1/4 inch to

the mile.)

The fractionary scale can be written in three ways:

80000 1/80 000 1:80 000

One should not put commas between the thousands

(80 000), but leave a visible space (80 000).

Roundedscales greater than 1:1 000 000 can be written

1:1 M, 1:3 M, 1:20 M.

Rememberthat when a mapis to be reduced bythe printer,

296

the scale will change proportionately; for example, a map

at 1/100 000 becomes a mapat 1/200 000 if the drawingis

reduced 50%. The fractionary scale must be calculated for

the dimensionsof the printed map.

A grid

The notion of spatial dimension can be furnishedbya grid of

Squares having sides of a knownlength, such as akm or a mile,

extended overthe entire plane. In series of mapsrelating to the
same area, but involving studies of specific phenomena,this

system permits an immediate identification of the dimensional

relationships among the maps. The grid must be extremely dis-

crete; it will be readily visible due toits regularity.

Known shapes

On a given map, involving an unfamiliar area, we can also

include a more familiar area “at the same scale.” We can,

for example, represent “Paris at the same scale” on a map of

Athens(figure 3) or choose any other area, providedthatits

shape and dimensionsare familiar.

Distance numbers
These are commonly used on highway maps to inform us

of real distances (“curves included”) which must be trav-

elled for a given itinerary. Although they provide very useful

elementary information, they do noteasily produce a notion

of the overall scale of the map.

Spacing of parallels
This is a geographic constant which can always be trans-

lated into km or miles (see page 289). In latitude:

10° = 1111.11] km = 600 nautical miles
1° = 111.11 km = 60 nautical miles
1’ = 1852 m = | nautical mile

SCALE UNITY IN A SERIES OF MAPS

The notion of scale acquires particular importance when a

study involves several maps.

If each a map represents a different region, an overall

map on which each ofthe individual mapsin the set can be

located facilitates their identification. The unity of the scale

makes these regional comparisonspossible. If one excludes

details of villages, a set of regional maps can always be

simplified to, at most, three scales, and usually one or two.

Different scales must be immediately perceptible as such,

and the reader must also be informed of similar ones. The

overall mapor the index must visibly showthis.

Scale unity is even more important whenthe reference space

is constant, and the mapsdiffer only in themeortime.It is then

necessary to eliminate any variation in scale. Any exception

works against geographic comparison and points to a method-

ological error coupled with an incomplete knowledge of carto-

graphic capability. It would be better to have maps which are

different in style and precision, but comparable, than maps of

the samevisual “density,” but different scales.
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B. Internal geographic identification

Reading on the intermediate and elementary levels involves

internal identification. The notions of ACCURACY and

GENERALIZATION mustbe defined in order to construct

an appropriate BASE MAPforsuch problems.

Cartographic accuracy

Weshould specify once morethat we are dealing here with

degree of accuracy in the graphic representation, not in the
information furnished to the designer.

It is duty of the cartographer to use the most precise and

reliable information available (and consequently to take all

appropriate steps to ensure that these conditions are met).

However, this duty does not involve doing field work or dou-

bling as a geometer, topographer, or any other researcherin

order to obtain better information. Our problem concerns

the ‘‘container” rather than the ‘“‘content,’ which allows us

to assumethat the information to be transcribed is accurate.

GRAPHIC ERROR

The material concerns of graphic representation and the

limits of visual perception contaminate any length measure-

ment with a certain amount of unavoidable error. This is

graphicerror.

With two points 555.55 mm apart, a correct drawing

should enable any reader to measurethis distance and report

it as 555.55 mm.This is rarely possible.

Graphic error is the difference between the length which

is read and the length which should be read. This differ-

ence is itself a length, which can be measured on the sheet

of paper, but it is independentof the meaning ofthis length,

which dependsentirely on the scale.

For a reader to read 555.55 mmit is necessarythat: (1)

the drawer plot the distance with that degree of precision;

(2) the signs utilized be as precise as possible, yet remain

visible; (3) the reader be capable of a precision comparable

to that of the drawer, which poses the question of human

precision, its limits, and its average. This is human graphic

error.

But it is also necessary that: (4) the material not have

varied between the two measurements; (5) the rule used be

similar in the two readings, which poses the question of the

dimensional stability of the material throughoutthe various

graphic operations of drafting, reproduction, storage, and

reading. This is technical graphic error.

A precision draftsman can plot, with a needle, on stable

material, a series of given distances: 55.55 mm; 18.20 mm;

210.35 mm; 85.25 mm;etc.

Another draftsman, just as precise and utilizing the same
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rule, can measure and report these lengths practically

without error. This obviously involves an exceptional situa-

tion, which could only be improved by mechanical means.It

enables us to define the human limits of dimensional evalu-

ation as 1/20 of a millimeter.

It is normal to require of a draftsman a precision of 1/10 of

a millimeter, but the reader’s precision cannot be counted on.

It varies greatly with each individual, and 1/2 of a millime-

ter is the best we can expect of the average reader. But this

still implies that 1/2 of a millimeteris useful, that technical

error is not greater than humanerror. However,it is quite

commonfor a sheet of paper of 0.80 m to vary by morethan

5 mm in length!

Reduction of technical error
This error results from a variational difference between the

measuring object and the object being measured.It is there-

fore proportionalto the length of the measurement. It can be

remedied in several ways:

— by reducing the length measured,that is, by avoiding docu-

ments which are too large, measurements which are too

long;

— by reducingthe variations,that is, by using the best techno-

logical means,suchasstable material and calibrated rules;

— by makingthese variations equal, that is, by ensuring that

any variation in the measuring object matchesthat of the

object being measured. This means, of course, placing

the measure on the mapitself, that is, utilizing a precise

graphic scale. But the length and width sheet of paper often

have different degrees of variation. Thus, when linear pre-

cision is imperative, the graphic scale should be placed on

all four sides or, better, over the entire surface of the map

(1.e., grids).

Reduction of humanerror
This error results from visual faculties, and it can only be

reduced by appropriate education.It is a personal constant,

which can be measured and defined as an absolute quantity:

1/20 mm; 1/10 mm; 1/2 mm;etc.It applies to the extremities

of the measurement and is independent of the length being

measured. Since approximately the same amountof indi-

vidual error occurs with each measurement, the total error

is proportional to the number of measurements. It is impos-

sible to remedy humanerror completely, however:

— The useless addition of several errors can he avoided, and

one should never proceed by addition of partial measure-

ments whenthe total can be measured.

— Increasing the error can be avoided by utilizing the most

precise possible marks (points, dashes). However, this

precision works against the visibility of the marks. The

minimum acceptable mark width is 1/10 mm, whichcor-

responds to minimum humanerror.



— It can be reduced at the momentof drafting, by using a

larger drawing, followed by a photographic reduction. But

this supplementary technical operation introducesa risk of

deformation and has no influence on the human error com-

mitted at the reading stage.

Reduction of the total error: Graphic precision

For any question involving a precision measurement,it is

standard procedure to take all the above technical precau-

tions, in which case technicalerror is less than the average

humanerror.

In this case, graphic precision is a constant which charac-

terizes a given map.It is irreducible and can be defined as
an absolute quantity: 1/10 mm; 1/4 mm; | mm;etc. However,

whenit is not possible to take all the appropriate technical

precautions, graphic error will vary with the length of the

measurement, the draftsman and the reader.

Wewill now look at the meaning andeffect of this error.

DIMENSIONAL ACCURACY

Whatis the distance between two given steeples? Any car-

tographic question leading to a linear metric evaluation (in

meters, kilometers, miles, etc.) involves the representative

fraction, the ratio of reduction, that is, the scale.

At 1/2000, 1/4 mm represents 0.5 m. At 1/200 000,it rep-

resents 50 m.

Dimensional accuracyis the metric meaning of graphic

precision.

It is inversely proportional to the scale and can be

expressed as an absolute number; one can say that a map is

accurate downto 10 m, downto 2 km,etc. Consequently:

(1) Linked to graphic error, accuracy has an absolute limit

for a given scale.

(2) The dimensional accuracy of a representation can be

determined when one knowsthe scale and the degree of

precision (figure 1).
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(3) When one knowsthe accuracy required by the informa-

tion and the graphic precision afforded by the drafting con-

ditions, the scale of the map can be basedonthesefactors.If

one knows, for example, the respective position of villages

downto | km,and if the probable precision (determined by

the researcher’s experience) 1s not high, the scale must be

drawn at 1/500 000 or 1/250 O00.It is always preferable to

plot on a larger scale; in fact, any plotting done on ascale

smaller than that indicated in the table in figure 1 will lead

to a loss of information.

(4) It not possible to represent “at scale’ a ground distance

whichis smaller than maximum dimensional accuracy.

A maximum graphic precision of 1/10 mm represents a

distance of 20 m on standard highway mapsat 1/200 000;

as a result, any meaningful distance smaller than 20 m

cannotbe represented in true size on this scale. For example,

aroad 10 m in width will have to be represented by a ground

distance of at least 20 m,and, in fact, often 200 m. This is a

convention. In the above case, any quantitative observation

leading to the evaluation of a ground distance will involve a

certain amountof error. One can do nobetter than to reduce

it to an admissible magnitude, by reducing graphic error and

increasing the scale.

RELATIONAL ACCURACY

Fortunately, distance measurements amountto only a small

portion of the useful observations which can be obtained
from a map. Considerthe following questions:

Whereis a given place? Whatis there at a given place?

Whatstreet should I take?—the third on the left!

Whereis the village?—on the north side of the river!

Whatshape doesit have?—1tis circular!

Is this a winding road?—no,it is straight!

Whatis the nature of the coastline?—it is jagged!

Useful answersdo not always involve a metric evaluation

of the distances, but include the possibility of differentiat-

ing, ordering, or counting the elements of the information.

It only matters that these useful elements be discernible

and that the differences, the order, the numbers (within the

limits of visually memorizable quantities) constitute a rec-

ognizable reference system.

Relational accuracy is the geometric meaning of the
arrangementof the signs.
The arrangement of three points as well as their number

remain similar, whateverthe planar reduction. Consequently:

(1) Any question involving an alternative (+), an order (O),

or a small enumeration of elements on the plane can receive

an accurate answer. Whatis read can conform strictly to

whatshould be read.

Relational accuracy can be absolute.

(2) Within the limits of meaning indicated above,relational

accuracy is independentofthe scale. It can therefore be sub-

stituted for dimensionalaccuracyat the point when thelatter

becomes insufficient or inefficient. Thus one can receive

directions or identify a site with all the efficiency neces-

sary, by counting the numberofstreets, by observing rela-

tionships of arrangement (between the river and the road),

angles (before the curve), or structure (boundary between

the new suburbsandtheold city).

(3) The numberof discernible elements is limited for a given

area of paper. The numberof representable elements thus

varies with the square of the scale, and a reduction of the

scale will reduce the number of elements which can be rep-

resented accurately. However, this will not reducerelational

accuracy.
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Reduction of the scale involves choosing from the informa-

tion those elements which must be recorded with absolute

relational accuracy. This choice governs the notion of carto-

graphic generalization.

Cartographic generalization

The necessity to “generalize” results from the contrast

between the limitations of human perceptual constants and

the infinite range of possible reductions of geographic order.

Generalization is the spatial equivalent of simplification. In

to simplify we categorize.

Generalization thus involves discovering concepts
which are applicable to the available signs and which are

defined as similar for a certain area, such that this area

can be consideredas different from neighboring areas.
Generalization also involves regionalization.

The visual constants referred to here are:

— the size of the sheet of paper (which, as we have seen,

can be considered as relatively constant in contrast to the

potentially infinite nature of the information);

— the minimumsizerequired for visible and separable marks;

— the numberof different categories which an individualis

capable of integrating during the course of observation;
this rarely exceedsfive.

The variable here is the relation between the total number

of data elements and the number of elements that can be

represented readably.

These constants and the variable must be examined in
relation to the three types of planar representations: the

point and the line (positions without theoretical area), and

the area. Within the range of possible reductions, the ulti-

mate limit of reduction is obviously total elimination.
This excluded, we can state that a point will always remain

a point. A finite straight line will become a point. An area
will become a point. An open wavy line will become a

straight line, then a point. A cluster (group of areas, lines, or

points) will become anarea, then a point.

TYPES OF GENERALIZATION

Thus, except for point representation, the continuum of

reductions includes critical ratios which lead to a transfor-

mation of the implantation.

Each changein implantation will then be accompanied

by a change in the definition of the phenomenon being
represented, which means a newlevel of conceptualiza-

tion. The legend must also change,posing the problem of

defining a new invariant.
For example, the map of “houses and streets’”” becomes

that of a circle representing the “city.” The lines represent-

ing “canals and rivers” become areas of “marshland’’ or

“polders.” The points designating “factories” become “indus-

trial areas.” The “tree’’ gives wayto the “forest.”

However, there are two possible ways of generalizing.
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— One can change the implantation (for example, from a

cluster of points to an area), which implies a new level of

conceptualization; thus, “mines” become a “coal field.”

This is “conceptual generalization.” It generally involves

new information, beyond that being processed.

— One can maintain the level of conceptualization, which

implies maintaining the implantation and the planar struc-

ture of the phenomenon,butat the same time simplifying

the distribution. This is “structural generalization.” It can

be based the information being processed, providedit is

comprehensive.

Thecritical ratio
Thecritical ratio (of observed elements to represented ele-

ments) dependson boththe distribution andthefinal scale; it

can be defined in relation to photographic reduction. For any

given information, we can considerthree levels of reduction

(see A, B, C in figure 1, opposite):

(A) Small reductions. The photograph

simplification.

(B) Medium reductions. The reduced photo still showsall

the elements of the information, but they exceed the limits

of commonperception. Theyare too fine and risk fusing or

disappearing. This constitutes a critical ratio, necessitating a

choice between the two types of generalization. This choice
dependson the nature of the questions being considered.

(C) Large reductions. The reduced photo eliminates part of

the information. For these ratios, conceptual generalization

is indispensable.

requires no

Displacementof the critical ratio

In the range of areas available for expressing given informa-

tion, the critical ratio is reached more rapidly...

— when the information is a message representing several
different phenomena. In order to support a differential
variable, the marks must remain sufficiently large. Note
that in a superimposition of implantations (lines over areas,

for example) the critical ratio is located on different levels

for each implantation.

— whenthe pertinent questions are on the overall level. This

is the case with maps data involving areal data, which

are read only on the intermediate and overall levels. A

large simplification of the lines in the base map will

increase the increasethe legibility of the retinal variation,

which constitutes the principal focus of the information.

Conversely, the critical ratio is less quickly attained .. .

— when the information is homogeneous. The distribution

of a single phenomenon accommodates very fine marks,

approaching the limits of perception (see page 318).

— whenthe pertinent questions are on the elementary level

(position of a site, distance measurements, etc.), the refer-

ence elements are chosen especially as a function of their

proximity to the new positions being mapped.

In this chapter we will study, in succession,the structural

generalization of a wavy line, the structural generalization

of a cluster of marks, and the drafting of base maps, which

are necessary in current experimental cartography and

involve both types of generalization.
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STRUCTURAL GENERALIZATION OF A LINE

Whena drawing is simplified, each line element, each sign, each word must be

drawn not only as a function ofits presence at a precise point on the map,but also

as a function of what must be represented alongside it. This leads us to study, by

successive representations, the uniqueness of an elementin relation to neighbor-

ing elements.

A watercourse
Figure 1 shows the Loire upriver from the Forez plain—at 1/200 000. This is

progressively reduced to 1/5 M (figure 2). The photographic reduction makes the

loops of the river disappear progressively, beginning with the smallest ones. The

designer has the choice between the disappearance of the smallest loops or their

preservation by amplification.

This choice, involving the displacementof the critical ratio, will depend on the

nature of the pertinent questions.

If the designer is constructing a school map intended for young children for
whomthelocation of the Loire in relation to the Seine and the Rhone constitutes

the focus of the information, the reading will be on the intermediate level, the

critical ratio moves up, and the loops can disappear(figure 3). On this level, the

designer does not needthe original drawing at 1/200 000.

If the map involves a precision inventory, a reading on the elementary level

must be envisaged, the critical ratio moves back, and the designer must consider

particular sections of the river. The designer must then useall available informa-

tion to define particular sections and determine regional characteristics, which

are similar along one section but differentiate this section from neighboring ones.

At 1/200 000 we can observe a section characterized by small loops, whichis the

junction gorge connecting the plateaus of Velay and the Forez subsidence basin.

The section with large sinuosities corresponds, on the other hand, to a river on

the plain, composedof large straight elements. As a function of these landscapes,

relational accuracy leads the designer to a schema which will exaggerate the small

loops of the gorge and soften, even eliminate, the large sinuosities (figure 4). This

is solution adopted for roads on good highway maps, andthis increasestheireffi-

ciency. However, a precision enumeration must preserve dimensional accuracyin

so far as possible. We will therefore preserve the large loops, as on the reduced

photo (see figure 2), and representthe loops of the gorge upto the limits of graphic

error.

Within these limits there are tenths of a millimeter, sufficient to make the char-

acter of the watercourse perceptible (figure 5).

CONCEPTUAL GENERALIZATION OF A RIVER

Note that any drawingof ariver involves a conceptual generalization whose extent

dependsonthescale. Onefirst represents a water area(at the estuary, for example).

The river is represented by two lines or an irregular mark (figure 6). Next, one

depicts the axis of the river(i.e., the area becomesa line: figure 7). This line can

then be progressively reduced in width to evoke the reduction of real space(this is

most often much smaller than the width of the line can suggest).
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Rivers and roads; coastlines and contours

In no case can the generalization of coastlines or contours

be similar to that of rivers, roads, or railways, etc.; an addi-

tional contingency must be introduced. Rivers and roads are

lines inscribed over a homogeneousarea,andthereis a good

probability of symmetry overtheir entire length (figure 8).

However, coastlines and contours (isarithms) are bound-

aries of areas. On the one side, there is land, on the other,

sea; or, for isarithms, differences in population or rainfall.

Thereis a certainty of dissymmetry.

For a coastline (figure 9) the angle or small radius of cur-

vature will be turned toward thesea(this is true for all areas,

from the Bay of Brittany to the Gulf of Mexico). For con-

tours (figure 10), the small radius of curvature will be turned

toward the landform.

USING GRAPHIC ERRORIN A POSITIVE DIRECTION

In cartography, the reader intuitively conceives a correct

idea of whatis or is not pertinent. For the size of the small

loops of a river, the depths of a small bay, the position of a

city, it is obvious that 1/4 mm in relational displacementis

not an error in terms of dimensional accuracy, because this

error will never be perceived as such.

No one will attempt to measureprecisely a distance from the

center of a city. Incidentally what is the center of a city? And

what is 1/4 mm?It is often smaller than the total graphic error!

On the other hand,the fact that a city borders a given point
on the river (figure 11) or is situated on a plain, at the foot of

a mountain, or on the mountain,is relational information of

a rigorous, controllable, and practical sort.

All these elements are differentiable within the limits of

graphic error, since the designer has been able to represent

them without effecting a displacement greater than 1/4 mm

(figure 11).

In precision enumerations, the necessary displacements

are most often smaller than or equal to average graphic

error, and a good designer simply puts the graphic error

to use, in the sense that it becomesrelational accuracy.

PRINCIPAL PLANAR RELATIONS

Within the limits of graphic error, we can establish a list of

the principal geometric relations which we can attempt to

maintain (figure 12).

They constitute visible information, and the reader ought

to be informed of the differences between A and B. This

means that if we draw A, and the information, on a much

larger scale, bears evidence of B (or conversely), we have

committed a visible relational error, even though we can

quite rightly claim not to have committed a dimensional

error.

Thus, precision structural generalization is linked to the

following basic rule:

We must have at our disposal information on a scale

about ten times larger than the definitive drawing and

“get into” the map while drawing it. One should never

compile a mapat the samescale.
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STRUCTURAL GENERALIZATION
OF A CLUSTER OF MARKS

The structural generalization of a cluster of marks (islands

or lakes, for example) is the most complex of generalization

problems,since it involves the notion of a two-dimensional

continuum.

The lacustrine area of Dombes, northeast of Lyon, pro-

vides a good introduction to this problem, enabling us to

define its parameters and establish the elements of a general

solution.

Consider a representation of this area at a scale of 1/1 M.

Figures and | and 2 are reductions at 1/250 000 andat

1/1 M of the information,that is, of the topographic map at

1/50 000, which includesall the lakes.

Figures 3-9 show maps at 1/1 M, produced by various

organizations, such as the Institut Géographique National,

the Geographical Section, General Staff (Standard edition

and Army Air Style edition), the Atlas de France (hypsom-

etry, morphology, and chorography), and the Times Atlas of

the World. Which one1s best?
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A thoroughstudy of the images in figure 8 shows that absence of method leadsto the elimi-

nation of certain important lakes, to the invention of other lakes, to the deformation of the

lacustrine area, and especially to the disappearanceofall the formal elements capable of char-

acterizing the arrangementof the lakes. Now,these are useful pieces information which justify

replacing dimensional accuracybyrelational accuracy. The notions of parallelism and orien-

tation, for example, indicate the direction in which the reader has the greatest probability of

walking without encountering water.

Which drawing should be used?

A cluster of marks is a closed area in which the elements are observed successively on various

levels of reading. These observationsare translated by differences in shape, orientation,distri-

bution, size, and density.

When,as here, the reduction ratio of the original informationis such that a photograph on the

definitive scale still permits identifying nearly all the marks, a structural generalization can be

carried out in the following manner.

The original is photographically reduced on two scales: at approximately quadruple thefinal

scale (figure 1, page 304); and at double the final scale. The first documentis for experimenta-

tion. On the second(figure 5) we successively place several pieces of tracing paper and examine

the variables separately on different levels.

On the overall level, a simple outline (having a minimum numberof concavities) defines an

area differentiated from other regions by the presence of lakes (figure 1). This form is accurate

as concernsthe notion of lacustrine area.It is inaccurate in all other aspects.

Onthe elementarylevel, the information showsthat the lakes are not circular, but generally

elongated.
On the intermediate level, small visual groupings show that the elongated lakes are often

parallel. Larger visual groupings suggest a particular type of orientation (figure 2). Although

superiorto figure 1, this figure remains inaccurate.

Still larger visual groupings reveal alignments of lakes, often parallel to the basic orientation,

but sometimesperpendicularto it (figure 3), The lakes also display differences in size, and the

largest ones, along with those defining the boundariesof the area, must not be allowed to disap-

pear underany circumstances(figure 4).
There remainsthe notion of density, which will emerge ofitself if one holds to an elementary

principle of enumeration at the stage of final interpretation.
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Approximately one mark in two hasbeenretainedin figure

6, and one mark in four in figure 7, which causesthe final

marksto be enlarged proportionately. This interpretation 1s

governed by observations derived from figures 1—4, which

are recordedin pencil on the final traced copy.

Figures 6 and 7 approximate, with different degrees of

precision, the combination of sensations stemming from

the original information (see, for purposes of comparison,

figure 1, page 304) and constituting the STRUCTUREof

the distribution. underthe eyes of the graphic designer.

Weshould note that this type of procedure would not be

withoutinterest in the study of aesthetic phenomena.

Note that numerous errors of generalization seem to

originate from the I.G.N. map at 1/500 000 (figure 5). The

set of maps in figure 8 illustrates the insufficiency of the

method of successive generalization without returning to

the original source; this also applies to the drawingofrivers

(see page 302). Any correct generalization must stem from
the original comprehensive document, which must remain
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Base maps

The base mapconsists ofthe set of knownreferencepoints
whichare necessary and sufficient for situating the as yet

unknownelements of the new information being mapped.

The drawing of a base map always runs upagainstthe fol-

lowing contradictions.

(1) The base map mustincludeall the elements of identifica-

tion necessary for the construction and reading of the map

on alllevels.

(2) The base map must be dominated by the new elements

being mapped; the reader must be able to select and group

them for information on the intermediate andoverall levels.

The problem cantherefore be divided according to whether

pertinent questions will be on the elementary level, neces-

Sitating a base or background whichwill permit a precision

identification, or on the intermediate and overall levels,

wherea highly simplified reference system will be sufficient.

WHENPERTINENT QUESTIONS ARE
ON THE ELEMENTARY LEVEL

Whenit is a question of identifying the position of an

archaeologicalsite, a factory, a road, or a specific admin-

istrative, linguistic, or economic area .. . the informa-

tion involves the expression of relations in arrangement
between the new elements and known neighboring
elements.
In other words, knowing that BABYLONissituated at 44°

6’ 48” longitude east of Greenwich, and at 32° 34’ 36”lati-
tude north does not constitute complete cartographic infor-

mation, even thoughits coordinates permit defining thesite

downto some 50 m(figure 1).

In the final analysis, the utilization of such informationis

only possible if one possesses a document on which these

coordinates become a point in an imaginable space, identi-

fied by reference points which are KNOWNand/or REC-
OGNIZABLE(figure 2).

If several exceptional cases are excluded (such as those

reserved for explorers, topographers, and especially sailors,

whohaveat their disposal no knownvisible reference point),

any positional identification which constitutes new informa-

tion must be situated on the mapin relation to nearby ele-

ments which are already known and identified. Practically

speaking, the situation of a new position should be recorded

on the most complete and precise possible map, given the

State of topographic advancement and the scale of the

information.

Whentracing paperis placed on a topographic map where

the background is poorly identified, a loss of information

always occurs.Is the site on the right or the left of the road?

Doesthe boundarycrossthe ridge orits foot? Does the zone

encompassthis small plain or not? etc.

Numerousarchaeological sites in India have been discov-

ered, studied, and described. It has become necessary to

organize expeditions in order to rediscover them, because
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they have not been identified in relation to sufficiently

nearby reference points which are knownand constant.

With matters involving positional information, what-

ever the scale, the best document is a complete printed
map, as accurate as possible and LOADED with hand-
written details, concerning the new element. Twotypical

objections arise and must be faced.
—‘The map is spoiled!” A map which is loaded with new

information is a PRICELESS document. The printed map

is always available for a sum which cannot be measured

against the value of the time spent in discovering and iden-

tifying the new information.

—“‘The map is overloaded, and nothing more can be added!”

Unfortunately this objection is often true. The time has not

yet come whenrole of topographic documents has been

fully understood. This difficulty can be alleviated by the

use of arrows and marginal notations, when the point or

area being consideredis already loaded with precise nota-

tions (figure 3).

Rememberthatit is imperative to write any proper noun,

any specific identification, IN CAPITAL LETTERSor by

typewriter.
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Former road
 Present road 

J J & Find prehistoric, Roman, post-Roman

A documentintended for publication

Whenthe first draft has been completed, how does one

proceed toward publication? The best solution 1s to publish

the map which served for identification, printing it in suf-

ficiently light values that the new information stands out

in dark, visible marks. But for various reasons, this is not

always possible.

We must construct a MAP OF POSITIONAL INFOR-

MATION,displaying the new information on a simplified

background, such that the loss of information whichthis

simplification entails will be at a minimum.

Reference points must be chosen according to the follow-

ing criteria:

(1) Proximity. Nearby elements of any kind.

310

—nM: presumed to be Roman

@ A Milestone out-of-place, in place

(2) Stability. In certain regions, rivers and roads are chang-

ing elements. Peaks, steep slopes (cliffs, foothills, etc.) are

always morestable.

(3) Field of knowledge for the average reader. Positional

information will be graspedin relation to the reader’s prior

knowledge.

Thus an anachronism including former and present roads

on the same map, whichIs easily corrected in the reader’s

mind, is less to be feared than ignorance of the fact that

the two roads are not exactly parallel and that the old road

corresponds in certain places to a small present-day road.

These are facts which cannot be corrected by further analy-

sis. The sameis true for asite, like Ragy, in reality a present-

day suburb of Tehran....
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m Fortified site

Once the decision 1s made, the reference points chosen can

be represented by very simple, light signs; their visibility

should never be equal or, even worse, superior to the content

of the information.

Figure | is the Atlas des routes protohistoriques et his-

toriques, Sketch No. 6: from Lyon to Chambéry (compiled

by P. Saint Olive, Bulletin des historiens locaux [Paris:

E.P.H.E.]).

This cartographic sketch at 1/200 000 is prepared from

the information contained in a Series of maps at 1/50 000

(including the onein figure 3, page 309).

The reference elements are essentially chosen as a func-

tion of proximity to the new information. Drafting is thus

considerably easier; effort can be concentrated on the

Roman route certain, probable, hypothetical

é Ruins

Protohistoric path __ ----

civec Former forest or marshland

relational accuracy the details. Nonetheless, taking the scale

into account,it is possible to refer to a topographic map and

place all the new elements accurately.

Note that:

(1) it is possible to locate the numerousdetailed observations

through the use of numbersreferring to an index;

(2) everything is drawnbyrapid sketching, includingthelet-

tering, without any loss of accuracy.

Drafting this map 1s within the reach of any careful person;

it requires no more than sureness of vision and evaluation.

The sureness of hand which only a professional draftsman

could acquire would not have increased the content of the

information norits legibility.
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WHEN PERTINENT QUESTIONS ARE ON THE
INTERMEDIATE AND OVERALL LEVELS
(Regionalization, external comparisons)

It is not necessary to retain the convolutions of a coastline

or a departmentin order to perceive a departmental density,

or a climatic region. For such information there is no cause
to utilize the elementary level of reading, and this circum-
stance enables us to simplify the system of reference points
(figure 1), while assuring a better readability on the interme-
diate and overall levels. The reader who probes such maps

for the nature of the coastline, the shape of the boundaries,

or the precise position of a site commits an errorin reading.
These maps are not made to answer such questions, and it

would be wrong if they were, since the legibility of the new

information would diminish considerably and external com-

parison, the objective of such maps, would be decreased.

Moving from the precise notation of a geographicsite on

the base mapto the definitive map whose primary purpose

is to display areal statistics involves a whole range ofinter-

mediate cartographic situations. The plotting of numerous

phenomenacapable of providing a better knowledge of the

Paris area, for example, leads to establishing base maps

whose precision is such that no information is lost in the

transcription. For example, residential areas, transportation

routes, and railway stations are reference points which can

serve in numerousplottings.

In these intermediate situations:

an elaboration in two stages most often facilitates the

draft work.

(1) Rough sketch on a work sheet
The worksheet should include all the reference points nec-

essary for a precise and rapid identification. It can include

the names of departments or communes, the boundaries of

urban areasortraffic routes (figure2).

Boundaries can be made less complicated, and areal

312

perception can replace linear perception, by utilizing very

fine dotting and areal gradation (figure 2). On an elementary

level we can differentiate roads (fine lines) from railways

(broken lines), and this also suggests the continuous influ-

ence of roads in the economy, in contrast to the discontinu-

ous influence of railways.

The new information, in quantities or qualities per area, 1s
noted in the appropriate place without obliging the reader

to search for it in the appended documents. The base map
includes all the necessary reference elements.
This preliminary notation must be clear, complete, and

unambiguous. At this stage the designer can use all avail-

able visual means, particularly color (pencil and ink). The

designer will most often record the numbersin ink andrep-
resent them graphically by any visual variable which con-

forms to the laws of image construction.

Thus the definitive draft:

(a) can incorporate the elements of a logical analysis of the

problem as well as the elements relative to the nature of the

geographic distribution, that is, to the complexity of the

image being constructed;

(b) need not be concerned with positional identification;

(c) can be entrusted to a draftsman, once the elementsof the

legend are determined.

(2) Definitive drawing on a simplified base map

At this stage, the base map no longer has to include the

numerous indications necessitated by the rough sketch:

names of cantons, boundaries of communes, hydrographic

networks,etc. It need only include enough features to permit

such elementary identifications as the information maycall

for (figure 3). It is free to support a striking retinal variable

on whichthe designer can concentrate full attention.

This map can bereducedin scale by the printer, provided

this is foreseen and the elements are drawnsufficiently large

so that they do not disappear or lose their differential char-

acteristics (figure 4).
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Base mapfor a city-study
In a city-study, the basic reference points are the streets. A

base mapincluding all of them will produce a very precise

reference system.

The single line can replace the classic double line, thus

simplifying both the image and the draft work. It allows

us to draw a somewhatthickerline, capable of sustaining a

sizeable reduction, and this avoids the two stages discussed

on page 312. A double line canstill be used for large arteries,

highlighting a fundamentaltrait of urban structure.

The example in figure 1 is taken from a base map ofthe

twelfth ward in Paris (the rays emanating from the Place

de la Nation are readily identifiable). The worksheet at

1/10 000 and easily supports a reduction to 1/25 000 (figure

2); this permits an increase in the number of comparisons

and allows the study to be published (P-H. Chombart de

Lauwe et al., Paris et l’'agglomération parisienne [Paris:
Presses Universitaires de France, 1952]).

Note that the segmenting of the circles permits a distribu-

tion of the population in a way which,although approximate,

is muchcloserto the truth than that which would result from
a single circle per block.

PRECISE POSITIONS ON SMALL SCALES

What mustbe avoided
Modernresearch often leads to mapping the distribution of

a given phenomenonovera large area. Historical, demo-

graphic, ethnic, sociological, pedological, vegetational . . .

enumerations, for example, often depict a phenomenon’s

variation over the whole of large regions, like Europe, the

USSR, Africa, the Old or the New World.

In this case, when the scale of the map may vary from

1/1 M to 1/40 M, whatare the topographic reference points

necessary for internal comparisons, for an efficient reading

of the mapped information?

As a general rule, the cartographer retains only the water-

courses. This is a solution based onfacility, since very often

the lines which havethe greatest probability of producing a

change in the given phenomenonare not the watercourses,

but the boundaries of mountain regions, the great mono-
clinal events, the boundaries of alluvial or swamp zones,

forested zones (themselves witness to a characteristic eco-

logical situation)... .

Along with the watercourses, it is common practice to
include several contour lines, generally “master” lines of

200, 500, 1000, 2000 m,etc. This is a very poorsolution.

Indeed, on these scales the line defined by a given altitude

generally loses all meaning. Its crude shape encompasses

hills, mountains, and plains within an artificial unity. Fur-

thermore,this system of expression requirestints indicating

altitude. It thus covers the entire map with colors which then

cannotusedto represent the new information.

Authors of modern atlases should remember that their

true objective is to show, point by point, the relationships

between a given phenomenonandall other phenomena.

It should also be rememberedthat in manyregions of the

world “mountains” are low and plains are high, and that

numerous coastlines are mountainous and constitute veri-

table humandeserts. Furthermore,the lines of a map should

not evokea plate of spaghetti, but rather the marvelous struc-

tures which any designer can now admire during the course

of air travel and which in no way resemble contourlines!
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The efficient base map

Indeed, such aerial vision should inspire identification of

essential geographic characteristics and suggest the form of

the base map. Oneshould depict, according to circumstance

and scale, the following features:

— the main characteristic surface breaks, boundaries of allu-

vial plains andhills, foothills, main cuesta lines, principal

plateaus and ridges, basins in the mountains, passes; ...

— the main natural zones, delta zones (internal or boundary),

swamp zones (which are often very vast, aS in western

Siberia), forest zones, boundaries of tundra or permafrost,

sandy deserts, rocky or volcanic deserts;

— the structure of rivers, rocky bars, and gorges. When a river

cuts through a mountain (which is common)atlases often

depict a scene with a large, welcoming valley, whereas,

there is nothing more forbidding than a gorge!

But we must recognize that the enumeration of these fun-

damental geographic characteristics, their precise carto-

graphic notation, and the discussion of their simplification

on different scales has not been amongthe recent preoccu-

pations of geographers.

Consequently, it is not the fault of historians, ethnogra-

phers, demographers, . . . and cartographers if, lacking

the necessary information, they still commit errors in this

regard.

Figure 1. Base map at 1/1 M, Algeria (Frenda region,

Géryville).

Mountain regionsare in gray.

The horizontal gray bandsindicate “less rough” regions.

One can thus distinguish chotts (shallow lakes), sebkhas

(smoothflats), and monoclinalreliefs.

Note that high plateaus dominate the djebels (hills) to the
north (map from E.P.H.E.).

Figure 2. Worksheet at 1/7.5 M (Pamir region) taken from a

“Eurasia” series (E.P.H.E.).

Figure 3. Worksheet at 1/25 M taken from a Eurasia-Africa

map (E.P.H.E.).
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GEO(point, line, or area) oo at, Woy ear ES Cotaa
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In maps involving one geographic component (GEO), the  ; ‘| ros ak oe A AgSeeateA

points, lines, or areas used to represent that component are ¢ |tePaar on Le oF, oe) ee ig: petit

uniform in their meaning, which constitutes the invariant. - Apita aeso .Le SUP RSIN. SERSlePSA
. . . . woe . . oP eT Ut TE aaR i eeNE ep Piast °

This uniformity and the precise definition of the invariant Eitray oe UE ee ot OdeTSet
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; “wat ” should

not

include vari Is; th BapSee Ue PES

6

8SOn passSPeye NSareas, “watercourses” should not include various canals; the 1 apesc SOSek het Up EE

term “forest” should not also apply to arboreal thickets or 3 “gupshle Soar yew SESee Peeyeee
renyeret by RTE Ma ee ~ Sy .

reforested areas. l aMa. ) PA wee
Such maps can accommodate a large degree of complexity, x ‘

a great precision in distribution, without presenting difficul- —-

ties in reading. Indeed, they can be read as a single image, 3

whateverthe intended level of reading (see page 176). These?

maps can also be shown to young children, for whom they *

create a certain interest, often lively if the invariant is famil-

lar to them (as with dwellings and watercourses). They are

easily understood, and useful information can be retained ~

from them. Contrary to general belief, such maps are excel- _~

lent pedagogical documents. ’
The three maps opposite (figures 1-3) are reductions at

b  1/2 M of maps of Poland. These mapswereoriginally drawn

at 1/1 M by Professor Franciszek Uhorczak (Warsaw, 1957).

Figure 1: Buildings (settlements) were published in red.
Figure 2: The hydrographic network wasin blue.
Figure 3: Forest areas were in green.

The set also includes cultivated areas (in yellow) and —

prairies (in light green). The mapsare all superimposable, , wes
which producesthe following combinations:

settlements + cultivated areas;

prairies + cultivated areas;

prairies + hydrographic network;

forests + hydrographic network + prairies; etc.

This set of maps constitutes a remarkable research instru-

ment for problemsinvolving regionalization.
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D. Mapsinvolving two components

A cartographic problem involves two components when the

information relates a geographic componentto a single addi-
tional component, which can be:

(1) QUALITATIVE(#)

Distribution of groups of 200 inhabitants (invariant), accord-

ing to

GEO—the geographic space

~ —eleven different ethnic groups

(2) ORDERED (O)

Distribution of travelers’ itineraries (invariant), according to

GEO—the geographic space

OQ —thedate oftravel

(3) QUANTITATIVE (Q)

Distribution of births (invariant), according to

GEO —French departments
Q —dquantities per 100 women betweenthe ages of 18

and 45

Wewill examine these three cases, discussing for each the

three possible representations: point, line, and area.

Even though the geographic componentutilizes both of

the planar dimensions,it is possible to representall of these

cases as a Single image, since an image can accommodate

three components. However, the retinal variable must be

visually ordered; otherwise, we will be faced with a superim-

position of images, which will becomeall the moredifficult

to differentiate as the distribution increases in complexity.
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1. Maps GEO # (a geographic component;
a qualitative component)

Whatever the implantation, the cartographic representation

of any qualitative component (#) depends primarily on the
following question:

Can the ~ categories of the information be visually

ordered?

Example(1)

Distribution of points representing 200 inhabitants accord-

ing to

GEO—the geographic space (Tougan Region, Upper Volta)

*# —elevenethnic categories(figure 1).

Is it possible to give an order (other than the geographic

order or that of the quantities) to the different ethnic

categories?

A positive response leads to the construction of the maps

in figures 2 or 3. Each image dependson the concept chosen

for the ordering (age, tribal hierarchy, coloration, height,

wealth,etc.).

A negative response leads to the map in figure 4.

From a graphic point of view, visual ordering is always

possible, as in figures 2 and 3. It requires the use of size or

value variables.

— It greatly increases visual selection, which is indispensable

for responding to questions introduced by the # compo-

nent (Whereis a given ethnic group’).

— It facilitates the grouping of categories, since each step in

the visual order is perceptible asa set(all the blacks,all the

grays, all the whites).

— It permits us to grasp the whole of the information in a

single image, which1s based on this order and which alone

permits overall comparisons with external information.
Butit is also necessary to rememberthat:

— the visual orderentails a hierarchic perception, which can

be inopportune;

— it excludes perception of the overall density (all catego-

ries combined) whenit results from size or value varia-

tion, since both are dissociative. (Thus the apparent visual

density is very different in figures 2 and 3.)

— size variation evokes a quantitative judgment, whichis not

appropriate in the present problem.

From an informational point of view, ordering can

appear quite desirable. But it implies choosing a criterion

on whichorder is based; this criterion may not exist (page

156), may imply a difficult choice, or, as in the example

opposite, may seem inopportune.It then becomes a question

of achieving the best visual selection among signs with the

same visibility, and this means using variables other than

size or value.
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GEO = Point

SELECTION OF POINT SIGNS HAVING
VARIABLEVISIBILITY

Whena concept can order the categories of the component

(types of vegetation ordered by vegetal density, types of

crops or industries ordered by economic importance), the
problem can betreated as ordered: O (see page 336).
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THE SELECTION OF POINT SIGNS HAVING
EQUALVISIBILITY

When a * component makes the formation of a hierarchy

inopportune, or makes density perception (all signs com-

bined) necessary, the problem precludes the use of size or
value. Rememberthat a sign is selective when the reader can,

in a single perception, isolate all the points where this sign

appears. We can then disregardall the other signs and respond,

in One mental operation, to the question “Whereis a given

category?” The reader need only record the time to identify

all the Samotribe, for example, in figure 1 on page 322, in

order to fully appreciate the efficiency of figure 4 on page 323.

Texture, orientation, shape

In point representation (figure 1), with signs having equal
visibility (of the amountof “black” per sign), the graphic
designercan utilize:

— texture, which hastwosteps andisselective;

— orientation, which hasfour steps andis selective;

— shape, which hasan infinite numberofsteps, but is not
very Selective.

However, if shape variation involves the difference

between a point anda line, between a straight line and a
broken line, betweena line and a cross, shape can provide

four selective steps.
The combination of these three variables (figure 1) pro-

vides sixteen different signs.
They are relatively selective, and figure 4 on page 323 is

based on them. The use of numerousother shapes produces

different signs when the reader looks at them one by one.

However, these signs are similar (figure 3) on the interme-

diate and overall levels of reading and prohibit the sponta-

neous grouping of all the signs of a given shape; there is

no selection in the map in figure 1 on page 322. Combina-

tions of signs (figure 2) can be used in simple distributions

(grouped geographically).

Facility of drawing
It requires several hours and specialized graphic equipment

to draw figure 1 on page 322, which creates a nonselective
figuration. It requires one half-hour and a simple pen to

draw figure 4 on page 323, which creates a highly selective

drawing. One need only attend to the parallelism of the ori-

ented marks, and to the equalization of the amount of black

per mark(figure 8).

Note that the signs in figure 5 are differentiated better

than those constructed at 45 degrees(figure 4).

Color

As welearned earlier (page 85), a “color variation” implies

marks of the same value; since this is the case here, color

can be applied to the present problem.

At equal value, for point signs, generally of small size, the

maximum numberofcolorsis six: gray, violet, blue, green,

brown, and red. The introduction of an additional color

(which can only be accomplished by a displacementofall



the tones) diminishesthe perceptible differentiation among

the colors and at the sametimetheir selectivity. On the other

hand, the smaller the marks, the greater the loss of discrimi-

nation amongthe colors. As a result, in order to conserve

a constant perceptible differentiation, the numberof colors

must decrease with a reduction in the size of the marks; con-

versely, this number can increase if one uses larger marks.

Furthermore, selectivity diminishes considerably with the
complexity of the distribution. In a complete mixture of

marksfusion 1s great and selectivity small.

Rememberalso that colors produced by traditional pens

and inks vary in value. Finally, color requires cumbersome

drafting and printing procedures, and its reproduction by
most modern means poses practical problems, even if the

color variation involves only two steps: for example, black

and red.

Efficiency of color

Colorvariation alone yields only about six selective steps.If

we need more thansix steps, we return to figure |. Experi-

ence showsthat the sixteen steps produced by the combina-

tions in figure 1 are much more selective than the use of

sixteen different colors. Furthermore, I am not convinced

that six colors are more selective than six combinations

obtained from this monochrometable.

On the other hand, if one needs more thansixteen steps,

a limit which already considerably exceeds human possi-

bilities of integration, a combination of these sixteen steps

with six colors gives 6 X 16 = 96 differentiable categories.

However, I do not feel that selectivity is preserved in such

constructions.

Visual groupings

In studying figure 4 on page 323, one notices that the points

and crosses form a whole whichis different from that of the

lines (whatever their orientation). Let us imagine that this

map also combined two colors (Say green and red); then the

set of red marks would form a groupin relation to the set of

green marks, whatever their texture, shape, or orientation.

Thus in the combination of visual variables which ensure

selectivity, certain are more “pregnant” and can produce

groupings. The designer must take account of this and deter-

mine whether the component can usefully be constructed
in groupings of homogeneous categories. This amounts

to imagining the introduction of a new distinction, such

s “farmers/shepherds,” into the initial series of ethnic

categories.

Such an operation occurs in problems involving more
than two components. Note, however, that such groupings

are only perceptible for two or three different steps (point

and line, or violet, green, and red). This phenomenon loses

efficiency as the numberof groups increases, and becomes

useless with six colors or more.

Complexity of the distribution

The mixture of signs plays an important role in selectivity.

It is important in all cases, of course, to ensure optimum

selectivity by choosing very different signs. However,it is

useful to know thedistribution before making a definitive

choice of signs. There is, therefore, some justification for

making two successive drawings: a first to discover the

distribution, with the help of the temporary signs, and a
second whichtakes accountof this distribution in choosing

the definitive signs.

It may be preferable, for example, to choose an orientation

of signs which emphasizes an oblong distribution (figure 6),

rather than an orientation which breaksit up (figure 7), or to

utilize the least selective signs, such as thosein figure 2, for

the mosttightly grouped distributions.

\\ t e = eo= == =,= ~*~
~ OULE t 7 ~ = m= = == *
N socorme Ay IM. Mel? 6 WPAeteaE
% BOLON -*4 5) Wt\ dT ae : St =e
} Peooailin \ ee ile oe Ff 8s eS) Soe

* e = = * === "=
a mani—” ~~~ coe e ‘ ® = Nahhae ae = ==

° samc,re _ or, 5 pe PTOUCANG 6ot) eam =~==
i NOUN —_— ZZ| | eo=e 0? of *™ = === Sn =

—_ * e e @oex x = = tt =_—=
> PANA \ _ a | I O° Ae e .e “e = = a ~ il eeSe=

~~ YARSE a i i T bm LOLS. e ° : — = = &«2 =

=z 405SI f—= Aen ALALOSA e . om)= =<—=yS IS-- ~ .

me UELASe 20. Portas esteey% Wers -_
my — 7 Do hot OO Dae OREN ff ODE OTL

\* . Wl 7 i —, ia BYSLES ir. o * ME aSES
WV Ite ae7 a ae CGA SH eeeN IWyT —_ ——wv” Paes7 | -_° ° x eM * u x -—— «= —

A anam “3 se , = e® mx x = =_ = =<_

| fa — 7! = * eX ee =

325



Special case: Several signs on one point

In the preceding example, involving ethnic categories, each
point on the plane,1.e., each geographic situation, is charac-

terized by only a single sign. But the information can include \ \, a

several characteristics per geographic point: for example, sy ‘ wo

several industries, several ethnic groups, several administra- fe SES Hada
tive organizations per city. This obviously results in a much

more complex distribution and an absence of homogeneous
groupings on the plane. Selectivity will be very difficult to

obtain.

Let us recall the general solution to a ~ problem

(page 159).

Weconstruct:

(a) a series of maps, one per category of the component,

each map capable of providing a response to the question

“Where is a given category?” (see page 159).

In fact it is possible to construct one map for two or three

~ categories (by choosing very different distributions) and

to reduce a componentwith ten or twelve categories to two

or three maps.

(b) a map superimposing all the categories and capable of

responding to the question “What1s at a given place?” \

Several solutions are possible for drawing this second type
of map in point representation. LONDON \

Figure 1. An alignmentof signs favors the lettering and \ \

reading of the signs, especially if they are always aligned in \ ‘

the same order. However,it disperses geographic groupings '

and can create positional ambiguity (see page 157).
Figure 2. A group ofsigns favors geographic grouping but,

on the other hand, renders reading more arduous.

Figure 3. A combination of signs which can be superim-

posed on a point favors visual grouping, but the number

of the combinable signs 1s limited. When combined,signs

become clumsy andrisk giving the visual impression of new

signs.

Figure 4. A constant table (chartmap). One establishes

once andforall a table of all the signs (rectangularor polar).

It is recorded on each position, and one need only fill in

the appropriate boxes. The whole figure is a chartmap (page

119). This system facilitates elementary reading, compari-

son, and drawing, but the figure is overloaded.

 
7

~
=

~
a
n

-

n
w

“
w
n

w
e
r
e

a
e

~~

i
n
g

=
o
=
e

=

S
e
e
s

#

wo
”

a
e

m
e

 
 

 

  
 

5 PASSENGERRAIL LINES

1 wmadd/+% 0 O 2 FORun
Melun We.

0

3 SS #

A[B{C|D) JERS
FIG CLLR
LEE Hea

 

326



GEO = Line

CONTRAST BETWEEN BASE MAP AND NEW

INFORMATION

The geographical reference elements (GEO) constituting the

base map most often take the form of lines (meridians, par-

allels, coasts, rivers, borders, etc.).

Whenline representation is used for the qualitative

component(*), the first task of the graphic designeris to

separateclearly the lines belonging to the base map from
those constituting the new information.

A problem GEO # (line) thus involves two fundamen-

tal visual steps: one, as light as possible, is allocated to the

base map; the other, more powerful, is reserved for the new

information.

The lighter the first step, the less it will be necessary to

enlarge the lines of the secondin orderto create a sufficient

differentiation. Consequently, even though it goes against

commonpractice, the designer should not hesitate to rep-

resent the Seine or the Thamesby very fine dotting, as in
figure 5, in order to increase the legibility of rail passenger
transportation in Paris and London (the new information).

The curious reader can refer to The Geographic Review 49,

no. 2 (April 1959): 156-157, and observe the difference in
legibility for strictly similar information.

Once this initial problem is resolved, it is within the

framework of the new information that one must assess the

opportunity for an ordering of the # component. When such

ordering is not desirable (when, for example, it is necessary

to perceive the overall density of an entire networkof lines),

this poses the problem of achieving selectivity while main-

taining constantvisibility.

THE SELECTION OF LINEAR SIGNS HAVING
EQUALVISIBILITY

Except for color, whose contingencies have already been

discussed, the retinal variables offer fewer differentiable

steps in line representation than in point representation.

At constant visibility, and provided we can use rela-

tively thick lines (1 mm approximately):

— texture provides from four to five selective steps;
— orientation offers two;

— the contrast between edgings or patterns along a line

affords two.

Combinations of the above variables can produce

approximately nine selective steps in line representation

(figure 6).

But in fact, it is tempting also to use a slight variation in

visibility. Such is the case with the map in figure 7. Combi-

nations with color can create someforty steps.
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Nonselective differentiation
In elementary reading, it is necessary to differentiate one

line from another, without having to consider the problem

of its visual selection on the overall level. For example, we

must be able to distinguish rivers, railways, and map coor-

dinatesin figure 1.

These differences are based on texture variations (which

have no selective power when applied to very fine lines) and

shape variations (which can be addedto the lines or take the
form of differences in angularity).

Note that:

(1) straight lines or very regular geometric lines like merid-

ians and parallels are easy to distinguish from wavylines,

(2) by the same token, differences in angularity enable us

to differentiate several lines which are similar in other

respects, provided this angularity is constant alongtheline.

Since the shape differences added to the lines can be of any

kind, the total number of distinguishable lines is consider-

able. Several examples are given in figure 2.

Certain commonsigns can assumethe character of univer-

sal symbols. However, when this symbolism worksagainst

legibility and efficiency, it is generally preferable to sacrifice

the symbol. This is the case with the rivers in figure 5 on

page 326. Another example is the commonly used system

of overlapping crosses which is supposedto representinter-

national boundaries and whichcertain designers delight in

inflicting on the hapless reader.

Note that in order to ensure linear continuity, the dashes

must demarkthe angles, as in figure 2.H, rather than leave

them broken,asin figure 2.G.

VARIABLEVISIBILITY

Whena hierarchy is admissible in the # component, selec-

tivity improves greatly, and the numberof categoriesof lines

can be increased. The map of different boundaries within

the polar region (figure 1) is an example ofthis.

It is the thicknessof the line (size) that most often affords

a variation in visibility.

In order to remain selective, size can be considered to

provide three steps, which, when multiplied by the nine

steps defined page 327, gives 3 X 9, that is, more than twenty

selective lines (a loss occurs with small sizes).

Here, size variation is the mostselective of the visual vari-

ables and can be used to construct visual groupings (a group-

ing of thick lines or medium lines), provided that the steps
are clearly marked. In figure 3, groups will form according

to 1, 2, and 3, not according to A, B, and C.
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selective

steps:

GEO # Area

THE SELECTION OF AREAS HAVING
EQUALVISIBILITY

In figure 1, the various types of forest areas do not cover

the entire sheet of paper. It can be useful to accomplish the

visual sum of the “forests,” all types combined.In this case,

the categories of the ~# component(types) are not visually

reorderable, and a value variation cannot be used to differ-

entiate them.

At equal value, the selection of area signs (figure 2)

should be based on:

— texture, with approximately four useful steps;

— shape, with twoto three steps.

The numberof perceptible steps depends on the size of
the areas; large areas can even lead to the use of differences

in orientation (for the coarse textures). Color can also be

used to differentiate areas; it has from three to seven steps,

depending on the size of the marks and the complexity of

their distribution.

Construction of selective signs
Figure 2 gives a total of twelve relatively selective signs.

However, they are difficult to draw, and when preprinted

patterns are utilized, the choice is not as great as might ini-

tially appear. The available patterns are poorly organized,

and a logical classing, such as in figure 3, shows that for a

given shape and value (for example, a point at 50%), it is

often impossible to obtain a series of three different textures.

Likewise, a good value progression can only be found for a

single texture and two shapes. The patterns using figurative

shapes display no visual logic, and the reverse or negative

patterns (labeled N in figure 3), only add to the disappoint-

ment. In practice, one is obliged to include a slight value

variation in the small marks.

The use of preprinted patterns

Preprinted patterns cannot be utilized without taking into

account:

(1) the eventual reduction. Textures whichare too fine do not

reduce; they fill in. It is, incidentally, the capacity for reduc-

tion which offers the best meansof defining a given texture.

In photoengraving, a reduction to 50% signifies a reduction

of 1000 to 500, that is, a linear reduction by half. A reduc-

tion to 75% means 1000 to 750, that is, 4 to 3. In the “texture”

columnin figure 3 these notations signify that the set of cor-

responding patterns can support a reduction to 50% (S00

0/00), to 75% (750 0/00), or no reduction at all (1000 0/00).

(2) the drafting material. A draft on tracing paper or any

transparent material can be reproduced by contactprinting,

without reduction. This procedure affords the best reproduc-

tion of patterns. Reduction can be accomplished by using a

copy camera with back-lighting, but not all photoengravers

have this equipment.

A draft on white paper can only be reproduced photo-

graphically, and in this case, the finer the texture, the more

the patterns blacken andfill in. A value progression thus

risks being destroyed.



Functional classing of preprinted patterns

Boxes without numbers denote non-existent patterns

Brands: (1) zentak

2) RastTEXTURE VALUE—> 3) west.
t Numbers: pattern numbers
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THE SELECTION OF AREAS HAVING
VARIABLEVISIBILITY

Wheneverthe nature of the # componentleadsto ordering,

the number of selective steps increases considerably, and

visual groupings can be based ona value variation.

The conception of an ordered legend
Consider the following information:

GEO —geographic distribution of:

#~ —fourteen types of area: water, dwellings, pagodas,

wasteland, rice, market gardens, beans, tobacco,

corn, bananas, kapok, peanuts, sesame, soya, in the

territory surrounding a Cambodian village (after J.
Delvert, Le Paysan cambodgien [Paris: Mouton,1961).

Interest should be focused on the differences in distribu-

tion between the dry season and the wet season. The use

of selective signs 1s thus appropriate to compare a given #

category from one map another.

Figure 1. At the top of a large sheet of paper the designer

places a list obtained directly from the raw data. Thislist is

the point of departure for the ordering procedure, which will

use a visual range from black to white.

Figure 2. Immediately below this, the designer orders and

groups the various categories, according to a particularcri-

terion. Here, for example, the ordering can be based on the

economic or social importance of the various categories.

Such distinctions require the introduction of new elements

into the information. Since the drawing is to be visually

ordered, this order ought to correspond to a meaningful

criterion. The designer will have to determine this through

personal research or discussion with the principal investiga-

tor or author.
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Figure 3. Once the order of importance is established,it

seems logical to associate black with the dwellings and

white with wastelands and water.

Figure 4. Only five value steps can be used to achieve selec-

tivity, which means that some categories will have to be

combined. The pagodas can be grouped with the dwellings.

The market gardens appear to be linked to the dwellings,

but they do not change place from one season to another

(and are also in the hands of non-Cambodians); they are

recorded in light values, simply to highlight the black of the

dwellings, which they tend to be near. Rice generally covers

large areas, and the griddingoftherice fields is a suggestive

image which can be drawnina very light value.

Figure 5. The medium gray can be divided in two. After
consultation with the author, the designer decided to group

tobacco, beans, and corn as “most important.” Thefive value

steps are thus constituted.

Figure 6. For further diversification, texture is available.It is

appropriate to give a textured character to the most “impor-

tant” element of each group (since texture generally “stands

out’’); the texture-value combination thus provides seven

selective steps.

Figure 7. Now we need only to differentiate several remain-

ing categories, for a detailed reading: (a) separation of beans

and corn will not be attempted; (b) shape and orientation

can be usedat this stage, since they do not destroy the selec-

tivity which has already been achieved; (c) the particular

topography of the pagodasenablesusto use a pattern whose

effect that is equal to that of black.

Figure 8. This method of progressive analysis produces a

range of thirteen categories, distributed over eight selective

steps, which are comparable from one mapto another.
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SPECIAL CASES

A single area per sign
Ifwe exclude the national borders, the mapin figure | divides

linguistic areas into two groups, differentiated by value. The

light value designates linguistic areas which coincide with

national borders; the dark value denotes areas not coincid-

ing with borders. Within these groups, an overall selection

is useless, since each sign characterizes only a single area.

Variations of orientation and shape are therefore sufficient.

Their combinations are innumerable and cancreate,as here,

twenty-five signs which will be perceived as different on the

level of elementary reading. See page 94 for area signs with

equalvisibility.

Total superimposition of areas
If one does include the borders, the map in figure 1 becomes

the expression of information having three components:

GEO (area); # languages; ~ countries. This information

raises the problem of the superimposition of areas.

The best solution for this problem, in which the two area

systems cover the entire plane, involves the use of a dif-

ference in implantation. The different languages can be

334

represented by area differences, the different countries by

linearsigns.

Partial superimpositions

These always create a delicate graphic problem. Consider

representing the butter (B), lard (S), and oil (H) consump-

tion in the French kitchen.

Initially we will assume that the boundaries of the areas

are clearly defined, as shown in figures 2—5. We should

avoid figures such as 2 and 3, which do not suggest a super-

imposition of butter and lard in the sameplace, but rather

the existence of new categories. These are suggested by the

presence of new signs (X), formed by the combination of

two or three of the original signs. This ambiguity does not

exist in figures 4 and 5, which convincingly demonstrate the

Selectivity of texture.

Textures of the same powerblend and construct newsigns.

This is what happenedin figures 2 and 3. Different textures

combined with orientation (figure 4) or with shape and a

variation in implantation (figure 5) are distinct and can be

superimposed while remaining perfectly separable. This is

the graphic solution for the problem.

Gradation
Now we will assume that the boundaries of the areas are

blurred. The drawing must suggest a progressive gradation.

Points and lines (figure 6) can both suggest a gradation in

the textured marks. When the texture is very fine, in the

case of flat tints, for example, a staggered arrangement or

ribboned bands(figure 7) can be used.Asfaras possible, the

designer should choose anorientation which is perpendicu-

lar to the general line of contact betweenthe areas.

The bands are capable of suggesting the variable pro-
portion between the two superimposed categories (figure

7). The width of the bands should berelatively constant at

around 3 mm,since too wide bands suggest homogeneous

areas within each tone, and too narrow bandspose difficul-

ties of technical realization and visual identification (fusion
of the marks).

In geographic arrangements the lettering can sometimes

be highly evocative; it can replace the legend while suggest-

ing the general distribution, verbal equivalences, and the

real gradation of the phenomenon(figure 8). But it 1s only

utilizable when the distribution on the plane is relatively

simple.

 



      

e
l
l
e
[
A
y

a
d

lI
a

i
[
B
s
c

n
ll

HUQUUL
e
s
o
s
e
afin

*
TELEUTTQUTHAY

a
c
l

 
 

   
  

 

 

    
 

  

=

 

 
“
a

tifuigiutyiig.
s
u
e
y

W
a
i
t
e

r
o
e
e
i

eMy
g
u
t
t
y
t
e
s
=
i
u
)

w
i
e
a
n
y
i
t
e
.:

0
0
4

  
   

    
     

     
 

 
 

 
    

 
 

  
 

 
 

  
 

G
Y
p
i
=

S
M
O

°°
8
e
g

              

 

 

{

_
—
—

ma
g
i
c
o

~
w
e
)
M
y

U7}
Y
e

f
p

M
U

*
S
e

S
s
,
G
R

(
S
V
T
E
e
e

R
M
T

14
Plathb

a
a

o

cere
e
i
d
T
I
T
A
T
T

-
"

SMI
T
.

7

pete
C
P
L
L
I
A
L
P
L
T

:
°

»

i

L
a
i
t

YT
—
—

     

 

 
 

 

\ U
f

UY]

O
T
.

P
M
T
A

S
T
A
L
A

C
A
T

WT)
H
i
S
S
S

 

U
h
h

Y

 
 
 
 

 

 

 

  

335

 

 

 

N

  

 
 

 
 

 
 

A
T
H

R
O

T
A
T
A
)

F
M
y-
W
h

]}
.
H
W
)A
L
)

f]

UP
y

s
e
=

H
Y
S
S

7
,

 
 



2. Maps GEO O (a geographic component;
an ordered component)

A component is ORDERED,andonly ordered:
(1) whenits categories form a single, universally acknowl-

edgedseries;

(2) when weaccept, a priori, that the samedistance exists

between each category.

This second characteristic distinguishes an ordered compo-

nent from a quantitative component. A componentis quan-

titative when it manifests both an order and a variation in

quantitative distance amongit’s categories.

However, we can use a series of measurements or enu-

merations as the means of defining categories which are
considered as merely different and ordered. Although the

categories may be characterized by numbers, these are

simply ordinal numbers (page 37), and the categories are

defined, a priori, as equidistant.

The graphic representation must attempt to maintain

this equality of distanceor, if one prefers, it must attempt
to avoid a priori visual groupings.
Most cases involving orderresult:

— either from ~ components to which weattribute a mean-

ingful order, based on some underlying criterion (we have

seen several examplesof this in section GEO #,especially

on page 332);

— or from a division into ordered categories derived from an

interpretation of measurements, dates, or enumerations.

Ordered representations
These are depicted in figure 1 and are derived from the table

on page 96, with which the reader should be readily familiar

by now.

O Ordered representations rely on variations in size,

value, and texture.

# O Most problems will admit variable visibility and can
be represented by size or value.
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C — a Color

O = x Orientation

SH — Shape
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=O Someproblems require constant visibility (associa-

tivity). They will therefore involve the use of texture,

which will be limited to some threeorfoursteps.

# O Most problemsalso require selective perception. Size,

value, and texture can be combined with other vari-
ables, but the numberofsteps will be limited.

GEO O point

Orderedseries of points
Figure 2 showsordered, selective series which are easy to

construct. The different series in the left column are based

on value and exclude size, which always evokesa certain

proportionality. The associative series using texture will

favor perception of the sum ofthe points, all signs combined;

1.e., figure 4 resembles figure 3, not figure 5. However, one

can still see an order in the categories of points in figure 4.

Very small points
The use of very small points (or dots) frequently poses the

problem of their perceptibility. One solution is a size varia-

tion combined with a point-line distinction for the smallest

marks (see, for example, figure 6, depicting “Earthquake

Epicenters in the North Atlantic, 1910-1956,” from C. H.

Elmendorf and B. C. Heezen, “Oceanographic Information

for Engineering Submarine Cable Systems,” Bell System

Technical Journal 36, no. 5 [Sept. 1957]: 1047-1093.)

This is also an example of the ordered interpretation of

quantitative information.

Note that this graphic solution is easily drawn andrela-

tively efficient, even for “freehand” drawing.

Further, with such sign dimensions the largest category

is perceived in its proper place in the series, even though

it does not involve a greater amount of black than the sign

used for the next largest category.
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Several signs on one point

As with # components, this problem is alwaysdelicate.

In the example below, Benedictine abbies at Reims were

constructed in the region at various times, often at the same

place in several different periods. The series of marks in
figures 1, 2, and 3 are notefficient for solving this problem;

they are not ordered. Those in figures 4 and 5 are ordered

and produce an image (figure 6). A combination with orien-

tation is particularly selective here. Incidentally, with histor-

ical problems, one generally associates black with the most

ancient period.
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GEO O line

Size variation (width of the lines) offers the most convenient

and efficient solution for this type of problem.

Ordered anddirected lines

Figure 7, which shows itineraries of explorations in the

Sahara classed over time, solicits selective perception as
well as ordered perception. Furthermore,it is important to

indicate a direction for each itinerary. This is achieved by

combining size, shape, and texture.

Ordered lines derived from quantities per line
Consider the problem of superimposing eleven adminis-

trative systems (economic regions, social security, work

inspection, postal regions, military regions, regional plan-
ning areas, etc.) that were obtained from a preparatory

survey for the determination of administrative regions. The

various departmental boundaries can thusinclude from one

to eleven regional boundaries(figure8).

In this figure, the reader is confronted by elevensteps,

irregularly drawn; this number mustbe reduced in orderto

arrive at a useful image. The following ordered categories

are retained: | and 2; 3-6, 7 and 8, 9 and more(figure 9).

These categories closely approximate the boundaries of

the regions which were eventually retained.
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Series of values in combination with

texture and shapein preprinted pat-

terns (denoted by numbers)



GEO O area

Value variation, obtained bytones of gray, provides the best

solution for problemsof this nature.

Order andselectivity

A combination of value with texture, shape, or orientation

favors selectivity, as in the example on page 332. Oncethe
orderis determined, we can construct a legend whichis both

ordered andselective.

Useless selectivity
Whenselectivity is of no practical use, combinationsinvolv-

ing tones of gray mustbe evaluated in termsof photographic

reduction. Tones which havetoofine a texture do not reduce,

and in microfilmed documentation their reconstruction is

very poor.

Several series of preprinted grays are given in figure 1.

Those series on the left should be avoided whenever large

reductions are envisaged, such as that which produced

figure 2.

The mapin figure 3 is a typical example of an ordered
series. The information gives only ordinal numbers. Note

that, contrary to the general rules of legibility, black is not

used for the first step. This is because so much black here

would have weighted down the image too much.

The series of tones is selective, even though the informa-

tion probably won’t generate questions of the type: “Where

are the different areas in the third ranking?”

The maps in figure 4, on the other hand, provide an

example of an ordered interpretation of a quantitative series

(after The Geographical Review 49 [1959], figure 11, pub-

lished by the American Geographical Society of New York).

The usefulness of comparing the extent of areas which are

similar (in quantity) justifies a nonquantitative interpreta-

tion here.
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GEOO: Therepresentation of
movementon the plane

TIME AND MOVEMENT

Time, like geographic order, can be introduced into any

analysis. As a naturally ordered component, it is a univer-

sally identifiable concept, on which innumerable compari-

sons can be based.It can be quantitative, since the day, the

year, and recently the atomic second,are recognized as suf-

ficiently stable units.

Whenthe information involves a time component, the cor-

respondencestranslate a “variation”: variation in tempera-

ture, price, or size. ...

Time is linear, and a single dimension of the plane is

sufficient to represent it. The other dimension can be used

to represent another component. The construction is a

“chronological’diagram (figure 1).

Whenthe information involver both TIMEandspatial

or GEOGRAPHIC ORDER,the correspondencestranslate

a MOVEMENT: movement of the pendulum; migratory,

demographic, or social movement. . . . But when the two

planar dimensionsare utilized to represent space, no planar

dimension remains available to represent the “time”? com-
ponent; this is the basic problem with the representation of
movement in cartography. There are three solutions.

— Construct a series of images (figure 2). As in the cinema,

this solution can be applied to the most complex of move-

ments. But here the number of images is limited by the

reading process: with a longseries it is difficult to suggest

motion.

— Represent the path and direction of a moving body (figure

3). This solution can suggest a continuous movement on

the plane, i.e., MOTION.

However, we must consider both the nature of the moving

body, which can be a point, a line, or an area, and also

the complexity of the movement (with or without reversal),

which can only be perceived with a simple division of the

plane.

— Utilize a retinal variable (figure 4). The time component

is divided into ordered categories represented by the dif-

ferent steps of an ordered retinal variable. This solution

depends on the possibility of defining a small numberof

categories, since the orderedretinal variablesare relatively

limited. The figure does not generally suggest movement

on the plane.It is a representation of the type GEO O (see
page 336).

342

PRINCIPAL TYPES OF MOVEMENT

Movements can trace more or less complex forms on the

plane, and the construction of a series of images always

permits analyzing them. But the other solutions can be more

efficient for representing and animating simple movements.

A continuous movement

The movement of a vehicle, for example, is best expressed

by the “trace” of a moving body(figure 5). This trace cor-

responds to a changein implantation;a point tracesa line, a

line or an area traces an area. But with complex movements

(reversals) the area becomescluttered and indicates direc-

tion poorly.

As a result, only the point produces a moving body
capable of suggesting continuous complex movement.

It traces a line, which becomes an ARROW whenitis

directed.
It is therefore logical in most cases to depict movement

by an ARROW (see page 346). The reader is thus asked

to accept two conventions: (1) to identify the moving body,

whateverit may be, with a point; (2) to consider the trace of

this point as the representation of the movementof the body.

A “generation” of points, lines, or areas

The movement of political borders, for example, is a dis-

continuous movement (figure 6). It can be depicted by a

sequence of areas, when thedistribution is simple.

This discontinuous representation, like the series of

images, can be applied to continuous movements (for

example, marine growth), whenthe title and the nature of the

phenomenonpreclude ambiguity. Retinal variations of size

and value can be applied, often efficiently, to “generations.”

Variable speeds
These result from the introduction of a new component:

numbers of time units (figure 7). These can be superim-

posed onlines (length of segmenttravelled in the time unit)
or trace areas (ISOCHRONES).

Systemsof relations

These are the result of the accumulation of numerous move-

ments, actual or figurative (figure 8). Their individual direc-

tion and motion are generally not elementsofinterest.



 
   

                

  

 

  

              

 

  

  
           

 
 

               

              



EXAMPLES OF NONDIRECTED RELATIONS

Figure 1. Workers in Casablanca (/ndustrialisation de

l'Afrique du Nord, published under the auspices of the

Centre d’Etudes de Politique Etrangére). The radiating lines

Suggest the migratory nature of the phenomenon being

represented.

Figure 2. Movementof a person in Paris (P-H. Chombart

de Lauwe, Paris et l'agglomération parisienne, cited on
page 315). The trace of all the movements of an individual

can indicate his or her work, standard of living, and number

of relationships.

Figure 3. Mediterranean wheat trade in the sixteenth

century (MélangesL. Febvre,vol. II [Paris: A. Colin, 1953]).

Tracing the actual itineraries is not sufficient for represent-

ing a system of relations. A map of maritime routes, even

when weighted, does not show the direction of trade among

the centers of activity; it shows the density of the ships at

sea. The maritime trade amongthe cities of Europe and the

Mediterranean will only appearin its diversity, weight, and

geographic direction, when each connection, even though

maritime, is represented by astraight line (figure 4).
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EXAMPLES OF DIRECTED RELATIONS (VECTORS)

The arrow, the directed trace of a point, remains the most

efficient and often the only formula for representing the

complex movementofa point, and, by analogy,that of a line

or an area.

Thedesign of the arrow
The use and form of the arrow distinguishes the good
designer, one who is conscious of providing a visual

responseonall levels of reading.

Figure 1. The development of the arrow as a conventional

sign (left column) indicates the slow discovery of the role

of this symbol (in combination with other visual elements)

in the overall perception of the image. The “old-fashioned”

signs must be “read” individually, due to errors of visual

equilibrium (right column) and the use of “figurative”

Shapes (arrow or hand).

Asthese begin to disappear, we cometo the “neutral,”bal-

anced arrow, an intermediate stage at which important con-

ventional systems (such as the international highway code)

have remained. Modernusage and researchinto visualeffi-

ciency indicate that the later forms, barely twenty-five years

old, are moreefficient.

The “visual weight” attracts the eye in the correct direc-

tion. Perception is less ambiguous and much more rapid

(figure 5).

Figure 2. Types of arrowsvaryingin size and value.

Figure 3. Here, errors that should be avoided are shownin

the columnontheleft.



Figure 4. A broken line is a collection of different visual

units. A curve, on the other hand, suggests the idea of con-

tinuity; the elements are perceived as extendedand linked.

By asking the reader to follow a curve, even a rather com-

plicated one, the path of movement appears as a unified
whole.

Figure 5. In a complex movement, one must attempt to

facilitate the perception of direction. The use of repeated

cues, linked to a sequenceof detail perceptions, should be

avoided. The weight of the arrow, by suggesting the direc-

tion of movement, facilitates the reading operation.

Figure 6. When the movements are supposedto be radiating

or converging, the axis of the arrow, which the eye uncon-

sciously continues, must pass through the central point.

Furthermore, the notion of convergence is strengthened if

all the points of the arrows suggest the same circle, whose

center is the point convergence.

Figure 7. Any plane secant to a sphere traces a circumfer-

ence on the terrestrial surface. In perspective it appears

as an ellipse. A circle projected on the visual center of the

sphere will appearasa straight line in perspective. It should

be avoided.

Figure 8. The path of ellipses surrounding a sphere or a

cylinder can produceperspective effects which increase the

impression of real volume.
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The movementof a point ; Fada to Demi : 280 km.
Figure 1. The flow of market clientele at Hili-ba in Chad paces
is a standard type of two-way movement. But the prod-

ucts change with the direction. If one merely useslabels to Faya

portray these changes, the map will only produce an overall

image of the general movementof trade. To learn more about
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 particular products, each itinerary must be read individually.

The market economy is made muchclearer when several

smaller maps separate the movements by product, and the
geographic characteristics of the Hili-ba center can still

be perceived in several images (after M. H. Tubiana, “Le

Marché d’Hili-ba,” in Cahiers d’études africaines [Paris:

Mouton, 1961]). Cum-Chatouba @ “Nea
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Figure 2. European expansion from the year 1000 (the true

beginnings of European civilization) can be suggested by
different movements of conquest and reconquest. Note the

visual advantage obtained from the use of dark arrows for “ARABS”

the regions of movement, while white areas depict the bases piitine® TAMA
of departure (Morazé, Wolff, Bertin, Manuels d’histoire
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 [Paris: A. Colin, 1950]). oven
Figures 3 and 4. Electoral campaigns for the Brazilian a
presidency in 1950. The candidates’ travel itineraries under-

score the difference between the complex organization ofC. CHAD

Machado’s campaign(figure 3) and the logical simplicity of

that of Getulio Vargas(figure 4). The latter was elected. 0 1 00km

The numbers indicate the date and place of speeches.

The fine dotting groups the places visited on the same day. 1

The form of the arrows differs according to the month (C.

Morazé, Les Trois dges du Brésil [Paris: A. Colin, 1954)).

Figure 5. Speeds are superimposed on the ships’ courses

linking Spain to America in the sixteenth century. The

slower the speed, the less the space crossed in a day, and

the closer the lines used to represent this. Thus slower 2
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speeds stand out in darker print (H. and P. Chaunu,Séville S
et l’Atlantique [Paris: S.E.V.P.E.N., 1956]).
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The representation of regional migration

This is a classic, highly complex problem.

(1) The observed movements can link any given region to

any otherregion,in either or both directions. The network of

the directed movementsis therefore very complexin itself.

(2) These movements must also be weighted in terms of

absolute quantities.
(3) Finally, the movements must suggest the migratory ten-
dency of a region, expressed by the number of migrants per

100 inhabitants. This tendencyis generally inversely propor-

tional to the numberofinhabitants.

Whenit is desirable to represent all these factors on the

Same map, simplifications are imperative. They can be of
variouskinds.

(1) Representation of the balance between the twodirections

will divide the network in half and avoid depicting both

directions. But a perception of the total amountof migration

disappears.
(2) Not representing movements below a certain quantity

will remove a numberof details from the information, but

these are generally not significant.

(3) Movements below a certain percentage can also beleft

out. However, a very small percentage can still correspond

to an important quantity if the region is highly populated.

Interdepartmental migration in France (1954)

Among the numeroussolutions, the mapin figure 3 has the

advantage of representing the total amount of migration,

Paris included, not just the balances.

But two minimumshavebeenset:

(1) All the quantities representing 2% or more of the original

population are portrayed.

(2) All the percentages less than 2% are portrayed if they

represent more than 10 000 migrants (white triangles).

The area of the arrows is proportional to the absolute

quantities.

The length of the arrows(triangle alone) is proportionalto

the migratory tendency (percentage of emigrants) above 2%.

The arrows relating to the Paris region (Seine, Seine-et-

Oise, Seine-et-Marne) are situated in the departments of

origin (migration toward Paris) (see figure 2).

The arrows concerning the other regions are situated in

the departments of destination (see figure 1).

The composite map (figure 3) obviously highlights the

attraction of the Paris region and other large cities, but it

also reveals that, with the exception of Paris, the noteworthy

movements are almostentirely between neighboring depart-

ments. This is a phenomenon of osmosis. (Maps by Serge

Bonin, Laboratoire de Cartographie [E.P.H.E.].)

The movementsoflines
Here are three examples taken from Manuels d’Histoire

(cited on page 348).

Figure 4 depicts the battle of Austerlitz. The lines indicate

the origin of a given movement. The arrowsthentrace the

direction and developmentof that movement.

Figures 5 and 6 show Paris on certain days during the
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revolution of 1848. The progressive advance of the popular

masses 1S represented by successive lines, convex in the

direction of the march. On February 23, 1848 (figure 5),

these are the only movements. The revolution is succeeding.

In June (figure 6), the governmenttroopsrepress the insur-

rection. Arrows of a darker value can be superimposed on

the lines to clearly indicate the marchof the troops.
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Movementsof areas

Let us look at three examples.

Figure 1. The stages of the “Reconquista” involve some

backward movement, which means that we must differenti-

ate the lines that show the retreat from the other lines (espe-

cially that representing the boundary of Christian states

in the thirteenth century). Incidentally, the use of arrows

enables us to better understand the momentary reversal of

the movement.

Figure 2. The growth of Protestantism provides an example

of continuous development in different areas. The concen-

tric circles suggest this progression. Superimposed are the

Jesuit colonies, under the centralizing influence of Rome.
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Figure 3. This depicts the direction, force, and duration of

area movement(from the Atlas Séville et l’Atlantique, cited

on page 348).

By using directed signs in a regular manner, it is possi-

ble to suggest the general movementof the atmosphere(in

black) and to produce a striking image of the winds, based
on force (speed) and general direction.

Depicting the movement of ocean currents (figure 4) is

simpler, since they only move in one direction. A complete

covering of the area by signs permits us to visualize direc-

tion and speedin a single overall image.

Note that, in both cases, perception of speed results from

the use of a retinal variable: size.
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SERIES OF IMAGES evaluation of later progress; figure 2 is, in fact, a map of the

difference between the two periods.

The spread of printing (L. Febvre and H. Martin, La Dif- Figure 3 portrays the growth of Paris. For very ancient

fusion de Vimprimerie [Paris: Albin Michel, 1958]). The periods, statistical evaluations are purely hypothetical. On

two imagesin figures 1 and 2 enable us to represent four the other hand, archaeological evidence produces a good

decennial stages in the spread of printing, provided that the approximation of the location and extent of built-up areas.

two stages in each imageare clearly differentiated (by value Provided that time is depicted uniformly, that is, repre-

here). sented by equal intervals (e.g., centuries), the series of

Note that the subtle recall of the distribution of the first imagestraces a curve. Here,it highlights the rapid growth

image (through the use of smaller points) permits a better of the modern era, dates it, and raises the problem ofits

~ = : > 7 . x \ . ¥ $ ¥ x “ Me

-90 Ic. I ty IV VV VI VII VITI Ix xX XI XII XII XIV

354

Ne

XV



   
 

 

DIFFUSION OF
PRINTING

»« before 1481
(total from preceding map)

@ 1481-1490
© 1491-1500

eoee eeee eee.

 

  

 

  

         
  

  

o
h i)i |

i | |

 

 

      Burnos

  

  

     

      

  
  

CPOBEN

Pin- prem
HAGUFNAU
ese en Oo Stuligart

 

w
e
t
a
t
e

’
p
u
n
e

 

nature. Is it a regular progression, in which case anentire

page would not be sufficient to represent Paris in 2040? Or,

rather, at that time will Paris be not much larger than in

1940, which would producea drastic changein the overall

Curve.

With classic historical material, it is customary to choose

the dates as a function of main events. Time is not repre-

sented uniformly. This is poor utilization of the properties

of graphic representation. Since no one would take such a

liberty in diagrams, why do it with maps?
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3. Maps GEO Q (a geographic component;
a quantitative component)

DEFINITION OF A PROBLEM GEO Q

Wewill consider a component as QUANTITATIVE when

it is agreed that the graphic representation must translate,

above all, the VARIATION IN DISTANCE amongthe

categories of the component; this variation is expressed
by the quantities.
Whenthe categories are arrangedin aline, as in figure 1,

the image is a “repartition” histogram (see pages 203-211).

The visual groupings, which constitute the steps of this his-

togram, are independentof the geographic order.

Whenthe categories form a network (geographic or not),

the imageis a “relief” (three-dimensional histogram), and

the visual groupings correspond to the “plateaus” of this

relief, as in figure 2.

The map then represents the groupingsresulting from the

combination of quantitative distances and geographic dis-

tances. These groupings can be perceived differently from

those resulting from the histogram. For example, a step in

the latter can be destroyed by the geographic dispersion,

whereas ungrouped elements on the diagram can produce

geographic areas which are visually more homogeneous

(e.g., figure 3, page 375).

Consequently:

(1) A repartition histogram is not sufficient for defining the

steps resulting from the complete information GEO Q.

(2) Only a three-dimensional histogram (a “relief’’) is

capable of representing such information and constructing

all the steps for groupings resulting from the combination

GEO Q.
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(3) Like the diagram, the “relief”? must represent all the

numbers of the information, AFTER, AND ONLY AFTER,

WHICHthe observer can define the groupings resulting

from the complete information.

Determiningthestepsis, in fact, the goal of the graphic

operation, not its means.

(4) Any choice of steps madeprior to the construction of the

“relief,” even when based onthe repartition histogram, will

transform the component Q into an interpretation O, whose

steps are, a priori, equidistant. (See, for example, the series

of values formed by shades of gray on page 77).

In order to make this notion clearer, we can say that a

graphic problem is GEO Q whenits goal is to discover
the groupings resulting from the combination of the two

components.

A graphic problem is GEO O whenits goalis to repre-

sent the geographic distribution of ordered groups(Steps),

which have beendefined,a priori.
The all-too-frequent interpretations of quantitative areal

information according to the latter formula, which unduly

transforms the component Q into an equidistant series O,

arise principally from failure to use a strictly quantitative

form of representation. Visual habit has thus assumed the

powerof law, even though it does not conform with the fun-

damental conditions of the problem being posed.

(5) It is particularly important in area representation to con-

struct an ordered and quantitative image whose perception

will produce the same possibilities of visual grouping as

those obtained with the “relief.” The best solution is a series

of proportional circles, applied to a regular pattern of points

(figure 3).
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The rangeof the quantities: extension adjustment

Take a quantitative series the extremes of which are 127 and

11 687. The larger number contains the smaller one 92 times

(11 687 / 127 = 92). The series ranges from | to 92.

A component Q can range from one to ten million and

more (e.g., population). But it can also range from only | to

1.2 ©.g., height of individuals, 180 cm / 150 cm = 1.2), and

all the intermediate steps are possible. On the other hand,

the visual variables have a range whichis practically con-

stant for each implantation. One thus encountersthree types

of problem in quantitative representation.

(1) The range of Q is greater than that of the visual vari-

ables. We must proceed to a REDUCTION of the quantita-

tive range, either proportionally, or by removal of the “tails”

(determination of the extremes).

(2) The range ofQ is of the same order ofmagnitude as that

of the visual variables. We utilize the STANDARD COR-

RESPONDENCE:area of the signs = Q. Herethe ratios per-

ceived amongthesigns produce the closest approximation

of their numerical equivalents. Number B appears double

number A whentheareaof sign B 1s double that of sign A.

(3) The range of Q is less than that of the visual variables.

An image resulting from the application of the standard cor-

respondencewill not be differentiated. Two cases can occur:

(a) The lack of differentiation is meaningful. This can

happen in series of maps whose legends must be uniform.

Certain of these maps will display distributions which are

not differentiated.

(b) The variations are meaningful, but the lack of differen-

tiation stems from the nature of the phenomena being mea-

sured (height of individuals, yields, etc.). The map is made

to be compared with other maps in terms of phenomena

occurring in the same region this is a FREQUENCY COM-

PARISON. The variations should be made visible, which
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means that we must proceed to an EXTENSION of the

series Q along the range of the visual variable, until we have

a sufficient differentiation.

Density adjustment
In frequency comparisons, the maps must be comparable

(equalization of averages). Therefore, the size of the smallest

sign must be chosen in such a way asto equalize the total

amountof “black” in each map(see page 374).

The level of reading andits implications
The main purpose of a map GEO Qis to respond to inter-

mediate-level questions (what are the resulting geographic

groupings?), and to an overall question (which maps are

similar in that their concepts have a good probability of geo-

graphic correlation?). A series of proportional sizes can be

applied, whatever the implantation, as we see in figures 3,

4, and 7.

However, the reader may need to pose elementary ques-

tions, for which size variation aloneis no longer sufficient.

Whensuch questions are introduced by the component GEO

(what is the population of a given city?), they imply that the

sign observed on the map is recognizable in the legend.

A redundant combination (see page 187) with shape for

points and texture for lines (figure 9) provides the solution.

When the question is introduced by the component Q

(whatis the distribution of a given quantity?), it implies that

the quantity being soughtis differentiated (~) on the map.

For lines, texture is sufficient (figure 9). For points, it is nec-

essary either to increase the distance betweensteps(figures

5 and 8), thus reducing their number,or to introduce a redun-

dant combination with orientation (figure 6 here and figure

6, page 377).
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F =100 mm’?

mm

R=5,642

A=10

S=14,14

S =15,2

GEO Q Point

Example: Distribution of volunteers for the West Indies

departing from La Rochelle, from 1634 to 1715, accord-

ing to GEO:place of origin; Q: number. Figure | shows

an E.P.H.E. map (from R. Mandrou, “Les Frangais hors de

France au XVII‘ siécle,’ Annales ESC no. 4 [Paris: A. Colin,

1959)}).

It is in point representation that the numberof available

sizes 1S greatest, since the marks can cover a large area

aroundtheir center on the plane.It is nearly always possible

to adopt the standard correspondence (area of the marks

= Q) for a series having a large range.

CONSTRUCTION OF THE STANDARD SERIES

This can be achieved in the four following ways:

The calculation of radii. For area of the circles to be pro-

portional to Q, the radii must be proportional to the square

root of Q.

The sameis true for the side of a square, the side ofa tri-

angle, or any other basis of construction with a figure whose

area must vary proportionally with Q.*

Note that calculation of the roots is not useful, since the

Sameresult can be obtained in a much morerapid and sure

mannerby the following means:

The area-radius table-graph (see Appendix) gives the radius

of the correspondingcircle directly from reading Q.

The preprinted standard series (page 369) gives the pre-

printed circle corresponding to area Q directly from

reading Q.

Calibrated columns (see page 360).

Superimposition of the signs

In point representation, the signs can overlap. In this case the

smaller ones must obviously be contained within the larger

ones. The best drawing processis illustrated in figure 2.

The legend

The legend must permit an approximaterereading of the Q

placed on the map and must indicate the presence of any

extensive or reductive scales; but rememberthat it will never

replace a reading of the numbers themselves. The legend

should therefore involve:

(1) the smallest sign and its corresponding quantity (visual

unit of enumeration);

(2) reference steps;

(3) insofar as is possible, the largest sign and its correspond-

ing quantity.

It is often preferable not to blacken in the signs on the

legend (see figure 1), in order to avoid an overall geographic

image which is deformed by the visual weight of the legend.

*If one uses signs of different shapes in the same representation, rememberthat,

for an equalarea, the principles of construction are different (figure 3). Thanks to

the compass the circle will always remain the simplest and mostrapid figure to

construct.   

Scale of circles
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Calibrated columns
The map in figure 1 (representing the number of postal

checking accounts opened per commune,in the department

of Nord, Pas-de-Calais, and Somme)is an exampleof areas

proportional to Q, constructed with a system of calibrated

columns. One conceives a Series of lines of known gradu-

ated width, as, for example, in figure 2. At a constant height,

the area of these lines is proportional to the width, and

one can makea series of Q correspondto the lines in this

same proportion (figure 3). One need only vary the heights

arithmetically in order to obtain the areas corresponding to

the intermediate Q (figure 4). The lines from figure 2 then

combine with the numbersin figure 3 to form the legend for

the map in figure 1; it is not necessary to include figure 4 in

the legend. With this construction, the base of the column

generally corresponds to geographic location.
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A proportional numberof equal-sized points (dot map)

Here,it is the number of points whichis proportional to Q.

This procedure enables us to duplicate a geographic dis-

tribution within the enumeration areas. In the map above

(figure 5, population of Eurasia in 1936, one point represents

1 M inhabitants) the enumeration areasare the countries, but

the internal distribution of the points corresponds to more

detailed information

This method works poorly for large concentrations.

Extended areas of black should be avoided, and, in the areas

of greatest density, the size and quantitative meaning ofthe

points should be chosen so that the eye perceives that the

points are juxtaposed, not superimposed.

Commonerrors

Figure 6. The points are unequal; the boundariestoo thick.

Figure 7. The points are too groupedat the centerof the area.

 
Figure 8. The points are too small; the boundariestoo thick.

Figure 9. The points are too large and not countable.

The correct construction, avoiding the aboveerrors, 1s given

in figure 10.
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QUANTITATIVE SERIES HAVING
AN EXTENSIVE RANGE

An extensive range of quantities often occurs with precise

population maps, which can involve regions of highly dif-

ferent population densities (see figure 1). Let us recall the

fundamental elements of the problem. In Information GEO
Q each of the two components, quantities on the one hand,

geographic space onthe other,is by definition homogeneous,

and it is a question of discovering:

(1) whether or not the combination of the two components

creates a homogeneousstructure;

(2) the spatial lines and the quantitative levels which display

potential changesin structure.

Information GEO Q poses the general problem of aggre-

gation, and the graphic representation must permit usto dis-

cover WHEREand for what numbers one can speak of an

aggregated structure.

Consequently, when the difficulties of representation lead

the designer to a prior definition of, say, two structures

(urban and rural) and sometimes two different series, the

designer, in fact, inverts the graphic problem, or transforms

it into an exposition of conclusions acquired on the basis of

other information. It then becomes a problem GEO Q, # 2

(structures), which doesnot us to discover the characteristics

of any changesinstructure.

The standardseries: S = Q (areas = quantities)

It is always possible to use sucha series in point representa-

tion (see figure 4). The following factors must be considered:

(a) For maps whose purposeis to discover structures, the

choice of the geographic scale depends more on thepreci-

sion of the questions to be asked than on the eventual pub-
lication format.

Incidentally, the homogeneity of the information Q

enables us to undertake the study on scales whichare suffi-

ciently large to facilitate a precise recording of the data, then

to carry out a sizable photographic reduction for publication.

(b) The size of the smallest point can be very small indeedif

the base map hasa light value.

(c) The quantitative value of the smaller points also has a

very great effect. The choice of 50 instead of 1 for the value

of the minimum point, for example, will reduce the area

of the largest mark fifty times. These larger marks can be

replaced by rings (figure 4) whose center must be denoted

by a special sign.

Equal-sized points combined with the standard series
Figure 1 shows the population of Tunisia (after R. Lalue,

Annales ESC,vol. 2 [Paris: A. Colin, 1962]).



This combination avoids the disadvantages of the exclu- __thatis, to the absolute quantities. Ten percent of the readers

sive use of equal-sized points. Attention must be paid to will evaluate a volume with only plus or minus 15% error,

the visual ambiguity created at the point where the formula and whenever the reading involves the intermediate level

changes. If the equal-sized points signify 100 (inhabitants, and, of course, the overall level, only the area of the signs

for example), and the first proportional point signifies 500 (planar amountof “black”) will have a quantitative meaning.
(thus having five times the area of point 100), four nearby

points of 100 will fuse and be morevisible than the point of |The double series: area-volume(see figure 5)

500. This can be corrected by slightly increasing the area of In a problem whichis strictly GEO Q,a prior heterogeneity

the point 500 or by reducing the area of the smaller points. cannot be considered amongthe possible options of graphic

_ representation. One cannot bend the lawsof visual percep-

Theseries: area = , Q tion, and the homogeneity of the variables is an imperative

This series involves a reduction in the range of Q (seefigure whosetransgression alwaysresults in errors of interpretation.

3). Since the visual series 1s proportional to the quantities, The use of two visual scales (area = Q for dispersed popu-

it permits us to discover the steps in the quantitative series lations; volume = Q for aggregated populations) implies a

being treated, and it is applicable whenever such a problem prior definition of the boundaries between the structures,

is posed. whereasit is precisely this definition which constitutes the

true objective of the representation. It also adds a double
Representation by volume | visual ambiguity:

The correspondence: area = Q?"(or radius = +, Q ) can also (a) at the boundary between the two series, we cannot

be stated as: volume = Q,and the quantities are proportional comparean area and a volume;

to the volumeofthe spheres whose diameter would be equal (b) in any perception extendedoverseveral signs (intermedi-

to the diameter of the circles. It is therefore necessary to ate and overall levels of reading), the eye perceivesa retinal

suggest that the circles are spheres, the squares are cubes, variable as homogeneous, and will implicitly give all the

the triangles are pyramids,etc. (see figure 2). However, we signs a homogeneous meaning, obviously based on the area.
must recognize that, in practice, human perception does

not evaluate the ratios of volumes (however suggestive they

might be) by numbers to correspondingto the real values,

3 1100 10000 158 000 1 000 000 S
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QUANTITIES HAVING A LIMITED RANGE 6

Figures 1-3 Salary (in deniers) for a harvest day (after G.

Duby, “Les Alpes du Sud en 1338,” Etudes rurales (Paris: @

Mouton, 1961)). @ e e

This is a typical example of a quantitative problem in

which the visual addition of several quantities is meaning-

less. Two simultaneous factors accountforthis.

(1) The quantities are SINGLE NUMBERS.Theydefine a a 90 e
salary, but do not representthe totality of salaries distributed.

(2) The information is a SAMPLING. All the inhabited Jf e
places are not included.

Therefore the information only permits us to define the

amount of the salaries distributed for relatively homoge- 1

neous regions. In this information, Q ranges from 9 to 24, e

that is, from | to 2.6. e

The standard correspondence S = Q, produces an image

which is insufficiently differentiated to reveal steps and

define a useful regionalization (figure 1).

The extensive correspondence S = Q", gives a range of 1

to 46 (figure 2).

The representationis effective if the reader has been trained

to read the size of the point as merely a difference in regions.

With full knowledge of the facts, the reader can construct a

given regional grouping as a function of both the information

being treated and whateverother factors our prior knowledge

will bring to bear. However, we must take into account the

natural tendency toward the interpretation S = Qin pointrep- 9

resentation. Thus, in the published map it is appropriate to

replace the extensive correspondences, whichare valuable in

the laboratory, by formulae which are merely ordered.

Returning to an ordered variable (see figure 3)
The useful and meaningful steps defined by the preceding

representation are transcribed by a qualitative, ordered vari-
ation—value(plus shape and texture)—which does notrisk

leading the reader to an erroneousquantitative interpretation.
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GEOQ line

Here the widths of the lines are proportional to Q. The

graphic range for representing Q is thereby more limited

than in point representation, and we mustoften set a lower

limit of Q, corresponding to the minimum line width, below

which proportionality disappears. The maps in figures

4 (passenger flow) and 5 (commodity flow) in France, are

examples of overall comparisons. Attention is not focused

on quantities, which are always inaccurate and questionable

for such phenomena, but on the contrast between the two

images, which display noticeably different distributions.

The map of Swedish river flow in figure 6, from M.

Lundquist, The Atlas of Sweden [Stockholm: Kartografiska.

Institutet, 1953]), is an excellent example of the representa-

tion of linear qualities. Indeed, it portrays a problem involv-

ing three components, since the quantities are divided into

two categories: medium flow (in black) and maximum flow

(in gray).
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In figure 6, we should note the

following:

— the importance of shading in gray and,

conversely, the difficulty in perceiv-

ing what is not shaded. In these maps,

the eye essentially sees “amounts of

black,” not widths.

— the disadvantage of using too light

grays. These have disappeared in the

photographic reproduction, as they

will disappear from any future micro-

filmed information (the visible grays

have been redrawn).

— the utility of a graphic legend for Q.

The legend, “1 mm in width equals

200 m? per second,” is meaningless in
terms of modern microfilmed docu-

mentation, which may be reproduced

at any scale whatsoever. The largest

linear quantities are often inscribed at

the convergence points of several lines

(highways, railways,etc.).

To avoid the confusion resulting from

lines that are too wide, R Bachi pro-

posesa series of signs (figure 7) whose

amountof black is readable and measur-

able (from 1 to 20). The series is applied

to a line of constant width (figure 8).

However, visual differentiation is obvi-

ously less than that obtained by varia-

tion of width, and proportionality is

difficult to perceive.
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4. Maps GEO Q area

Different Q

In area representation, quantities apply, by definition, to

the entire enumeration area.
Consequently:

(1) If we proceed to an internal redistribution, in order to

better capture the geographic distribution, we change

implantation, and the problem becomes one of point

representation.

(2) In any map representing areas of unequal size, what ts

seen is QO multiplied by the size the area. However, Q must

remain independentof area size (just like the distribution

histogram, in which Q must be reduced to a unitaryclass).

(3) Any absolute quantity (of persons or objects), which is

enumerated by area, must be dividedbythe size of the area

before being geographically applied to this area. In other

words, any QS (see page 38) must be reduced to QS/S,that

is, to Q, before being multiplied by S in the image.
This is true for all types of graphics. In drawing a quan-

tity QS of equal points (figure 2), the designer carries out

the division visually, and the result shows the differences in

spacing which must be maintained amongthe points.

(4) A well-constructed image Q displays DENSITIES (which

correspond either to the height of a relief representation, or

the intensity of value resulting from the distribution of signs

in an observed space) and ABSOLUTE QUANTITIES QS

(which correspond either to the volume of the observed

relief, or to the total amount of “black” in the observed area).

(5) Any quantity independentof the size of the area can

be directly applied to the entire geographic area, without

being divided byS.

Examples of such quantities are: simple ratios Qa/Qb

(e.g., livestock related to grassland area); rates and percent-

ages Qa/Qb X 100 (e.g., automobiles per 100 inhabitants);

densities Qs/s (e.g., densities per km’); samples S (altitude,

price, temperature, etc.) which are applicable to the entire

surrounding area whichis not sampled. But here the graphic

problem consists, in fact, of delimiting the area to which

we canattribute the sample value; the solution depends on

neighboring values (see page 385).



Graphicsolutions
In view of the preceding discussion, we can see that a quan-

titative problem can only be perceived throughthe useof a

size variation or a variation in the number of elements. Con-

sequently, there are only three possible graphic solutions.

Figure 1. A size variation suggesting the “third dimension”

(1.e., relief or perspective representation).

Figure 2. A variation in the numberof (equal-sized) points
per unit of area (1.e., a dot map).

Figure 3. A variation in the size ofpoints distributed regu-

larly over the area(1.e., a regular pattern of graduatedcircles).

The last two forms can sometimesbe appliedto a line, but

this reduces the extent of the variation considerably; further-

more, drafting is more difficult and less precise than with a
point.

There are other solutions that do not to conform to the

definition of the problem.

Figure 4. A single sign per area. This formula shows only

the QS. Since it does not cover the entire area, it excludes

density perception, particularly when the areas are very

unequal.

Figure 5. /sarithms. Whentheisarithmic interval is constant,

isarithms display the slope (gradient) which links contigu-

ous areas, but they do not permit us to evaluate the height of

the steps on the intermediate and overall levels of reading.

Thus, overall comparisons are excluded in a series of maps

of this kind. The redundantuse of value variation only por-
trays information O.

Figure 6. Preprinted series of value. As we have seen, these

series translate a prior interpretation and not a component Q

whosesteps should result from the graphic operation.

The range of Q in area representation
This range is much more limited than in point represen-

tation. If it is theoretically possible to construct a column

several tens of cm “above” the map (figure 1), this construc-

tion must be excluded in practice. Likewise, the numberof

equal points which remain countable is limited. Once solid

black is reached, visual counting is impossible, and, in fact,

the means of representation are modified. For example, a

“horn” must be used to represent Paris in figure 2. Finally,

and exceptionally, points of variable size can form “grape

bunches” for a very small area. However, it is always pos-

sible to construct a point of considerable size, such as Paris

on the mapin figure 3.  
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A regular pattern of
graduatedcircles

THE “NATURAL”SERIES OF
GRADUATEDSIZES

Among the retinal variables, a size

variation, applied to a circle, generally
constitutes the best representation of a

componentQ.

This variation is limited in range

(size of the extreme circles) and length

(number of separable steps) by natural

humanfaculties of perception. We will

thus term the series which is necessary

and sufficient for graphic representation,

the “natural” series of graduated sizes.

It is selected from the potentially infi-

nite numberof possible circles and cor-

respondsto the limits of visual acuity.

The preprinted sheets shownin figure

1 opposite are based on this series. The

blocks of circles are utilized in area rep-

resentation (size variation of circles in

a regular pattern), and they also show

identification numbersneededto use the

circles in point representation.
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CONSTRUCTION OF THE NATURALSERIES

Range(size of extremecircles)

If the smallest perceptible circle is of the order of 0.2 mm

in diameter, the largest circle varies with the dimensions of
the figure. However,it will rarely exceed 4 cm in diameter.

A series ranging between these two limits thus corresponds

to the majority of graphic problems.

Length (numberof separable steps)

This is determined by the following:

(1) The minimum perceptible differentiation between two

circles, below which supplementary steps would be useless,

since they would be imperceptible.

(2) The progression of this differentiation. In a logarithmic

progression, the perceptible differences which we perceive

amongthe circles (and not among the grays resulting from

density perception) are regular and constant. They follow

the natural laws of perception: wesee onlyratios.

Note that whenthe circles are very small, the logarithmic

differentiation between two signs falls below the threshold

of visual acuity and becomesinefficient. In this part of the

series, the differentiations become perceptible and useful

only amongcircles 1, 9, 15, 18, and 20, which have been
retained, with 19 (see figure 2 opposite).

(3) A practical number ofsteps in the standard correspon-

dence S = Q. There are twenty divisions between onesign

and another whoseareais ten times larger, which permits us

to retain only one sign in two, one in four, and oneinfive,

while still remaining in a decimalseries.

Shapeofthe sign
Anyshape can be usedsinceit is the progression of the areas

which is important. However,the circle is the only shape for

whichthe eye canrestore the total size, even if only a part of

it is seen. Circles can be superimposed, can construct “grape

bunches”andcanstill remain measurable.

PROPERTIES

(1) The natural series produces the quantitative representa-

tion which is the most rigorous and efficient of the retinal

variables, provided that its progression correspondsto a pro-

portional progression of the numbers expressed.

(2) The natural series determines the necessary and suffi-

cientsteps of the statistical series. The problem is to makeall

the distances expressed by series Q perceptible; the natural

series provides the exact value of the perceptible steps. Thus,

it is the circles of the natural series which determine the

intermediate numbers(steps) of the statistical series, not the

other way around,asis often the case.

Any prior determination of the intermediate numbers to

which onethen applies circles destroys the perceptual proper-

ties of the representation. This would correspondto the error

that would be committed if the designer of a diagram were

to fit the intermediate steps of a linear scale to the numbers

370  

to be represented (figure 1). Consequently, the natural series

eliminates the problem of the prior choice ofa step series.

(3) The natural series also eliminates the necessity of

any calculation. The constant progression permits us to

move along the series, which allows the following to be

accomplished:

— Wecanestablish tables such that we can makeanystatisti-

cal series, whatever the numbers, correspond to the circles

of the natural series, without calculation.

— Wecan establish (in addition to the standard correspon-

dence Area = Q)tables which allow us to makea rapid

correlation of any quantitative series, by extension or pro-

portional reduction, to the range of the perceptible series

(extension adjustment).

— We can choosethe extremecircles in view ofa sizable pho-

tographic reduction (reduction adjustment) or in terms of

the total amountof “black” necessary (density adjustment).

— We can introduce this series as a known constant into a

data-processing program and make the graphic transcrip-

tion mechanizable.

(4) In area representation, the natural series produces a rep-

resentation which allows sizable photographic reductions,
withoutrisk of transformation or destruction of the series. Its

restoration after microfilmingis rigorous(see figure 3, page

375), which is not the case with preprinted shadesof “gray.”

Tables of the natural series
The tables opposite are the key to using the sheets of pre-

printed circles shown in figure 1 on page 368. These tables

involve the following:

(1) The columnof circle numbers(on theleft in figure 2). It

must be cut out along the line and detached,so that it can be

placed alongside the numbers Q of the information, in the

appropriate series. Circle number41 is the tangent circle in

the sheets of preprinted points in figure on page 368. For

numbers greater than 41, the circles obtained can only be

used in point representation. Above number63, the circles

must be drawn accordingto the radius diagram givenat the

bottom of figure | on page 368. On the right of figure 2

opposite, a second column permits us to obtain the scale
S = Q°.

(2) The standardseries S = Q (at the centerof figure 2). This

gives the progression of the areasofthe circles.

(3) The principal extensive series (toward the right of figure

2). These permit us to make any limited-range series Q cor-

respond with the range of the natural series betweencircles

1 and 41, that is, in any problem of area representation.

The scale S = Q° or radius = Q gives the progression of

the radii or diameters, and consequently the corresponding

linear ratios which allow prediction of the effects of a given

photographic reduction (see page 375).

(4) The two reductive series (toward the left of figure 2).

These play the same role as the extensive series but for

extended-range series Q. The scale = Q”” or radius = *;Q

gives the progression of volumes having the same diameter

as the circles.
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(5) The series of values of the blocks of circles, given in

percentages of black (bottom right of page 371). This is

obtained from the standard series and gives a value series

for the circles, such that absolute black, in area representa-

tion, corresponds to 100%. Block 41 would be 80% black

and 20% white. For values darker than 80%,it is sufficient

to add circle number18 (5%) to this white, which gives 85%;

to half-shade this white, which gives 90%; or to shadeit by

3/4 or add circle number 26, which gives 95%.

THE NATURALSERIES IN AREA REPRESENTATION

Properties of a regular pattern of graduatedcircles

Length of the variable. The perceptible lines of a screen

always have an area much greater than the smallest percep-

tible dot. A regular pattern of circles utilizes more fully the

entire visual range and,in fact, constitutes the longest avail-

able size variable.

Reading. Whenthe natural series is applied to a regular

pattern of circles it produces a quantitative perception, what-

ever the level of reading. The reader who is content with

elementary perception and whofocuses on only onecircle
will nonetheless be informed of an absolute quantity and a
density. The sameis not true for a representation based on

the numberof equal-sized points, nor, of course, for a repre-

sentation based on steps of value.

At the intermediate level, the reader is informed of a

density and an absolute quantity (if applicable) by visually

summingthecircles.

On the overall level the reader can construct an image

either with two steps (dark, light), or three (dark, medium,

light), or more, and compare it to any other image.In all

cases the reader remains informedof the numerical value of

the steps whichare retained andof those which are excluded.

Problems GEO Q area: Standard correspondence
Let us consider the problem of representing the quantities of

population per department(figure 1).

(1) The base map. In area representation, the natural series

is applied to a regular pattern of points. The circles must be

visible. It is the perception of their size which matters. Fur-

thermore, the spacing between their centers must not, after

reduction, be smaller than 1.5 mm.

Knowing this, and that the preprinted transfer sheets

(page 368) have a spacing of 5 mm or 2.5 mm, determines

the scale of the drawing. If the scale of a mapis such that

each point correspondsto 1000 km’, or to 100... , the same

numbers (with a difference of 000 or 00) express both den-

sities and quantities per point (see, for example, page 137).

In a departmental map of France, there will be from 10

to 40 points per department. In the case of a canton map

(which involves some 3000 cantons), a regular pattern of

points must be prepared in advance, such that there is at

least one point per canton.

(2) Calculation of densities. When the information is in

absolute Q per area, we must calculate the densities per km?.

372

If the numberof points per area is known,it is sufficient to

divide Q by that number.

(3) The scale of the circles. This involves the choice of the

correspondence betweenthe circle numbers(from figure 2,

page 371) and the enumerationarea.

Quantities of population, and in general all raw numbers,

should be represented, insofar as is possible, according to

the standard correspondence(S = Q).

Weproceedin the following way:

— Wefirst study the extremes, the “tails,” of the statistical

series.

— The department of the Seine (a very important extreme)

must be excluded and drawnlater.

— The three largest departments can constitute overlapping

points (bunches of grapes) and make upthe “black” parts

of the map.

— Weslide the column indicating circle numbers along the

column S = Q (as shownontheleft of figure 1, opposite)

and place circle 41 next to the numerical value of the

fourth largest department (282). We must be careful that

secant signs (above circle 41) cover only smaller and sepa-

rate areas.

(4) Translation of the series into circle numbers. Once the

columnisfixed in position,it is sufficient to read and record—
in nonphotographic blue pencil—the circle numbers corre-

sponding to the numerical value of each departmenton the

map.

(5) Drawing or transferring of circles. If only the tables of

the natural series (and not transfer sheets) are at one’s dis-

posal, the circles can be drawn with a compass in sequence

(all circles having number 20,then all the 21s.. .). The trans-

fer of preprinted sheets is obviously more precise andfaster.

(6) Drawn circles. Circles larger than number 41, which

must never cover more than 1-3% of the plane, are drawn

in clusters, according to the radius of the circle of the cor-

responding number. Thus: Department of Rhone, radius of

circle number 43; Seine-et-Oise, number 45; Seine, radius

of circle number 73. This latter radius is taken from the

radius diagram 60-81 of the preprinted sheets (see bottom

of figure 1, p. 368).

(7) Case of the “extremes” (Department of the Seine). The

scale of the pattern of points on the mapsin figure | oppo-

site uses one point per 250 km?. Thusthe departmentof the

Seine has two points. In the case of very large quantities,it is

preferable to construct only a single circle, equalto the total

population, that is, at double density. On this level the eye

perceives ratios of quantity more than ratios of density. A

similar solution occurs when weuseonepoint per 1000 km’.

Weconstructthe circles on the basis of total population, and,

since the Seine has only 600 km’, wereducethatcircle in

the proportion 600/1000.

In both casesit is sufficient to report the exact numbersin

the legend.

Note that an open circle can be used to replace a large

solid circle.
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Problem GEO Q area: Limited range in quantities

(extension adjustment)

Let us consider the problem of representing the quantitative

series produced by the percentage of farmers younger than

thirty-five years of age (figure 1). The rangeofthe seriesis

approximately 1 to 5. The procedure outlined on page 372 is

modified as follows:

(1) Calculation of densities is inapplicable with a percentage

(as here), a rate, a ratio, or a sample;

(2) The correspondence betweenthe series Q andthe series

of circles must be adjusted to suit this problem.

Whenquantitative series whose rangeis less than 10 (from

1 to 9, from 1 to 5...) are translated into the standard cor-

respondence S = Q,they produce an image whichis notvery

legible. We must use an extension adjustment, that is, adopt

an extendedseries S = Q’, or Q’, or even Q°. We choose the

series that allows Q to range from circle 41 to circle 9 orits

neighbors; here the series S = Q’.

Density adjustment

Just as distribution or repartition diagrams are only compa-

rable if their averages are equalized, different distribution

maps can only be comparedif the total amountof “black”’per

mapis perceptibly the same from one imageto another.

The mapof the total population in figure 4 does not permit
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us to perceive that its distribution is similar to those of popu-

lation II (industry) andIII (tertiary sector), in the samefigure.

In figure 5, where the total amountof black is more orless

similar for all four maps, the distributions can be compared.

The calculation of the amount of “black” resulting from

a given correspondence can be furnished immediately by a

computer, and a density adjustment can be carried out by a

different fitting of circles (thus the necessity of choosing a

range whichis slightly less than that of the naturalseries).

In manual procedures, this adjustment can result either

from a repartition histogram (provided it is weighted by

area) or from a comparison of the totals of each series,

which weshould try to equalize.

The margin of photographic reduction

This is quite large for a regular pattern of points. The canton

maps in figures 2 and 3 involve some 3000 enumeration

areas and about 6000 points. Their reading on the interme-

diate and overall levels remainsefficient, even with a reduc-

tion where twelve mapsare included within a 21 X 27 cm

space. The comparison and classing of multiple quantitative

series, the primary objective in modernstatistical research,

often entails such reductions, and a regular pattern ofcircles

provides the means of accomplishingthis goal.
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THE NATURALSERIES IN POINT REPRESENTATION

GEO Q point: Standard series

Let us consider how to represent the population of Tunisia

(page 362).

(1) A calculation of densities is not useful in point

representation.

(2) A correspondence between the quantitative series and

the standardof circles is almost always possible with very

extensive ranges. However, although the scale of circles is

usually determined by correspondence with circle number

41 in area representation, here the scale depends on the

size of the smallest circle. Consequently, we musttake into

account the photographic reduction envisaged and introduce

a photographic reduction adjustment. A linear reduction by

half corresponds to a shift of twelve circle numbers;circle

56 has a diameter double that of circle 44, and any circle N

has a diameter double that of circle number N-12.

The table S = Q? (figure 2, page 371) gives the sequence

of numbers proportional to the diameters of the circles, and,

thus, the reduction correspondingto each shift. A reduction

of 200 to 100 (2 to 1) does indeed correspond to a shift in

 
   

   

so. SPgaes es: tre Lt gets: twelve numbers. The principal reductions correspondto the
vetHEE “SSEISHEEE SRR following shifts:SHSM0 SEES3 O g
BIE 6to5:3 numbers 2 to 3: 7 numbers

PEEEBEEE 4to5:4numbers 3 to 5: 9 numbers
SHEE 3to 4:5 numbers 2 to 1: 12 numbers
SHEENgm@i22?? 5 to 7:6 numbers 5 to 2: 16 numbers
aan DENSITY os .

2333. QUANTITY Wecanthusdefinethe finalseries asit will be printed and
“SeeSHEED published, and, by knowingthe ratio of photographic reduc-

“Bgseeeksss tion, determine the exact series which must be drawn.

HEE,EH: GEO Q point: Limited range in Q
SEES SEES Extensive series are used in point representation to investi-
Sgiiitessssssiethiet ETEgh gate regional groupings resulting from limited-rangestatis-
merstiets erates tical series. Such is the case with the mapin figure 2 on page

5 Pie eeu. 364, which utilizes the correspondence S = Q’.
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DENSITY OF THE POINTS

The regular pattern of graduated circles is not independent

of the density of the points or, consequently, of the reduc-

tion and size of the final image. What varies among the

three maps(figures 1, 2, and 3) is the spacing ofthe original

pattern. In figure 1, there is one point every 1000 km’,in

figure 2, every 250 km’, andin figure 3, every 100 km’. In
all three cases the standard correspondence S = Q has been

applied. However, the visual impression is very different for

the three figures. In figure 1, the eye perceives each point.It

gaugesthe “weight of black”; it is sensitive to the area ofthe

point. The natural series of graduated sizes andits tables,

page 371, have been developed to correspondto this type of

perception.

Onthe other hand,in figure 3, the eye no longer perceives

the points as such. The imageis based on the value differ-

ences resulting from the different tones of “gray,” andit is

the shape of the lines separating the steps which naturally

attracts attention. Here, the frameof reference which the eye

uses to evaluate a given distribution is the equidistance of

the value steps (which is expressed by the equalvisibility

of the line separating two successive steps, at any level of

value).

We saw on page 75 that equidistant steps are obtained by

using both the progression of the amountof “black” and the

inverse progression of the amount of “white.” The natural

series of graduated sizes (and its tables) is not applicable

to very fine patterns, which only involve a perception of

the values. However, we can derive from the table (figure
2, page 371) the percentages necessary to construct up to

eleven equidistant steps (figure 4 gives the numbers of the

points to be used).

Beyond eleven steps, a new series must be constructed. A

procedure 1s now being worked outfor up to twenty-foursteps.

The division of series Q of the information is then arith-

metic, and, for example, a series ranging from 12 to 42 rep-

resented in ten steps gives 42 — 12 / 10 = 3 as an interval, and

thus the stepsare:

12—15-18-—21-24-27-30-33-36-39

In figure 2, the situation is intermediary. The eye per-

ceives both the size of the points and the value, resulting

from the ratio of the amount of black to the amount of white

per area. At the present stage of experimentation,the natural

series and its tables can be used in these intermediate cases,

provided the three smallest circles (numbers 1, 9, and 15)

are given places 15, 16, and 17 respectively in the column of

circle numbers.

DRAFTING BY MACHINE

A typewriter or lineprinter which is keyed with the series

of circles and whose lining is equal to its spacing permits

machine typing of the circles; the typist simply refers to

a documentindicating the correct circle number for each

point of the grid.



In area representation, whenthe areas are quite numerous

(as with canton maps), typing saves considerable time.

Automation

A computer can be programmed with the following

instructions:

(1) the ‘‘address”’ (number of department, canton, commune)

corresponding to each pointof the grid (the x and y coordi-
nates on the sheet of paper);

(2) the natural series of circles (column of circle numbers

or N);

(3) the statistical series being processed (componentQ);

(4) the correspondence between Q and N(thatis, the posi-

tion of the column of circle numbers besidethe series of Q).
Whenthis is doneit requires only several thousandths of

a second for the computerto integrate these various instruc-

tions and provide the typewriter with the instructions(in the

form of a series of punch-cards) for an entirely automatic

typing. When one considers that the x and y positions of

departments and cantons are commonto thousandsofstatis-

tical data, that the natural series is commontoall data, and

that modernstatistical series are already on punch-cardsin

numerouscases, one canseethatall that is required for each

representation is to provide the correspondence QN,thatis,

to create one or two punch-cards. Therest is automatic. For

the map in figure 5, which wasthefirst ever to be drafted

automatically using this formula, the typing of the legend

and the title, which were not then automated, required as

much timeasthe drafting of the entire map.

The machine mapping of quantities per area permits us

to introduce into the memory bank of an electronic calcu-

lator only the new series, generally in absolute quantities.

The computer then produces the geographic map expressing

either these quantities or any transformation of them which

the researcher maycall for.

The typewriter and lineprinter are fast being replaced

by the photocomposer and even the cathode-ray tube. In

line representation, a photopositioner programmedfor the

natural series can trace lines that have a width proportional

to Q.

In point representation, the photopositioner permits the

plotting of the proportional sign at each point, and to the

extent that x and y can be usefully programmed, it can

operate automatically.

THE NATURAL DIFFERENTIALSERIES

To answer questionsof an elementarylevel, such as, “Where

is a given step?” or “Whatis the value of a given sign on the

map?” an element of differentiation must be added to the

natural series. The most efficient one, as we have seen,is

orientation. The differential series, part of which is shown

in figure 6, permits the identification of each sign while the

progression and properties of the natural series are retained.

JOB APPLICATIONS NOT FILLED ON SEPTEMBER1, 1965

PER 10 000 WORKING PERSONS
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Perspective representation

The visual illusion of three-dimensional space results from

the associations acquired through previousperceptual expe-

rience. The observer will translate perceptual deformations

into the differences in distance which generally produce

such deformations. The size, value, texture, color, orienta-

tion, and shape of an object change with distance,andit is by

carefully “deforming” these visual variables that the painter

or decorator can create the most convincing “illusion” of

depth.

In graphics, representation of space on the plane can be

obtained even more easily. The observer must merely be

capable of interpreting several visual sensations (and some-

times only a single one) as the meaningful and pertinent

deformation of a knowncharacteristic.

A variation in the thickness of the lines of a network
(figure 1) is sufficient for suggesting a volume. It evokes the

total shape of the object as well as the transformation of

value and size which usually accompanies differences in

distance. But this variation must be meantto signify such

differences. This is achieved by seeing to it that any other

meaning is excluded. Thus a figure formed by two thick-

nessesoflines, signifying two quantitative levels, cannot be
put into perspective by a simple variation in thickness of

lines.

This variation in line thickness must also be appropriate;
that is, none of the spatial positions suggested by the volume

should be inverted. Whatis at the front is thicker; whatis at

the back is thinnerorlighter.

Shape variation
This is the easiest and most efficient type of planar

deformation.

However, no sense of deformation can exist without

prior knowledge of the nondeformed phenomenon.

A cube, a chair, or a table can appearto us “in perspective’

and suggest a three-dimensional space(figure 2). However,

the volume of a pebble cannot be suggested by a perspec-

tive deformation,sinceits initial shape is unknown(figure

3). Therefore, it is useless to deform elements whoseinitial

shape is not familiar. It is not the perspective drawing of a
hydrographic network or a topographic site which creates
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the sensation of space in a “block-diagram,” but the defor-

mation of the recognizable elements alone—thatis, of the

characteristics which are conceived as belonging to any

volume, whether a landform or any given construction.

The universal characteristic which can be applied to the

representation of any volume is REGULARITY. One can

easily conceive that the regular sectioning of a regular

volumeyields regular lines. This rule holds for visible and
meaningful irregularities which translate irregularities of

volume. This is the basis for any representation in figurative

relief. However, irregularities represented by lines are not

ordered, and there is often confusion concerning the “sense”

(up or down) of the irregularities (a confusion between

valleys and peaks). SHADING, whoseprinciples are famil-

iar, adds sense to differences expressed bylines.

FORMS OF REPRESENTATION

Any ordered componentcan be constructed in apparentrelief.

This construction is not the prerogative of topographicrelief.

Four different forms can be used:

Regular vertical sections (figure 4)

This conceptis particularly applicable to complex variations

(perspective diagrams, page 253) and to topographicrelief.

Inclined sections (figure 6)

In this representation (set forth by Arthur H. Robinson and

Norman J. W. Thrower, “A New Method of Terrain Rep-

resentation,” The Geographical Review 47, no. 4 [October

1957]: 507-520), the inclined sections are derived from a

contour mapbyapplication of a grid (figure 5) corresponding

to the equidistant spacing of the contours, at an appropriate

scale. Each intersection of a contour and its corresponding

horizontal line on the grid is connected to the next higher

or lowerintersection. In the final drawing only the inclined

sections are retained (figure 6).

Regularhorizontal sections (figure 7)

Here, one merely drawseach contourwith its corresponding

elevation and doesnot draw those that are “hidden” behind

elevations.
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The outline of a volume(figure 1)

The combination of the preceding techniques enables us to

draw the outline or silhouette of a volume. But when the
regularity of the sections is no longer represented, other

regular elements mustbe usedto replace them.In figure 2,it

is sufficient to elevate the plane shape of the countries by an

amountestablished by the scale of heights. The height and

placementof the vertical walls suggest the deformed regular

system, and thus the volume. However, the “hidden” parts

must be minimal, and representation in relief does not allow

the use of high walls in the foreground.
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TOPOGRAPHIC RELIEF AND THE BLOCK
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Representation in relief enables us to utilize the principal

geomorphologic shapes and the natural elements which con-

stitute our environment. Various characteristics, such as fea-

tures of rocks, nature of the soil, vegetation, or crops, along

with humansettlements, can be inscribed on the topography

and depict the landform asit is seen, with all its classic posi-

tional correlations. In any regional description, this should

be the first graphic constructed.
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a = } An overall perspective is useless
ny In regionalstudies, an overall perspective is useless and often
eefe regrettable, since the deformation prohibits comparison of
 ———————— the landform with otherfactors, particularly those obtained

= throughstatistical cartography. Furthermore, by replacing
nH 7, | this nonsuggestive (since the shapes are not familiar to us)

ae | , deformation by a perspective of the details (perspective “as
al Y ge ‘J seen’) the designer can save time and constructthe relief

: on a piece of tracing paper (called a transparent “flap” or

Heights proportional “overlay”’) placed directly on the map. Wethusretain precise
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      The shapeof the frame
Onthe other hand, the designer can reinforce the impression

of three-dimensional space by cutting out the image accord-

ing to a nonperpendicular frame. Thusthe geographiclines

of the Parisian area (figure 3) are not in perspective. They

follow the outlines of the map, but the boundaries of the

region are marked on the map in a quadrilateral figure

whose sides are not parallel.

The frame thus gives the impression of a general perspec-

tive, since it is interpreted as the deformation of one of the 4

most familiar rules: perpendicularity.

A trapezoid producesthe sameresult (figure 4). It merely

requires that the convergence point of the nonparallel lines ¢

be situated toward thetop offigure 3 orfigure 4.
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Perspective of the details

It is the details which generally constitute the known regular

elements whose deformation suggests relief. The following

are the most common:

— meanderings of watercourses, which flatten out horizon-

tally (figure 1);

— topographic indentations, which tend toward the horizon-

tal in flat regions (figure 2), which follow the slope of the

terrain in rough regions(figure 3), or which flatten out ver-

tically for ridges (figure 4);

— valleys and large watercourses, which change regularly in
width with orientation (figure 5) and flatten out as a func-

tion of their proximity to the horizontal axis of the image;

— side views, which hide part of the landform and permit

drawing vertical silhouettes.

From these elements one can derive the principal geo-

morphologic shapes in homogeneousterrain (figure 6) and

with a stratified lithology (figure 7). It must be stressed that

a block diagram is a schema, which extracts and empha-

sizes the principal characteristics of the landform. Before

drawing it, a precise goal must be determined. Accordingly,

an efficient drawing cannot be constructed without having

traced all the following characteristics on the map:

— lines of ridges and peaks...
— breaks in generalterrain, terraces ...

— boundaries of alluvial zones, flat bottomsof valleys...

— troughs, notches, basins ....

In the final analysis, the block diagram is merely the trans-

lation of a good morphologic map into signs that suggest

perspective. One should not hesitate to reserve sufficient

space for the representation of a characteristic feature, such

as the flat bottom of a valley, by encroaching on the sur-

rounding plateaus. Whatever the complexity of the landform,

it should always be expressed in the minimum number of

characteristics. The outline must define the shape. Only

shading, achieved by dashes, points, a wash, or reinforce-

mentof the characteristic lines, can be used to “enhance’’the

figure, discreetly of course.

When apparent perspective is adopted, vertical displace-

mentsare practically useless. In the map in figure 1 on page

359 they are nonexistent. The hydrographic network is in

place, which does not hinder the perception of the general

elevation of the masses of mountains, the Cévennes and

the Causses. One need only use topographic indentations

to suggest the general slope of the terrain, which can be

brought out further by the overall shading.
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In the mapin figure 1 on page 359 the shading diminishes

progressively and is used to highlight an outline drawing.

On the map above(figure 1), the relief results from the shape

of the light and dark features drawn against a gray back-

ground,corresponding to the horizontal areas.
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Overloading and superimposing deprives such representa-

tions of their efficiency as base maps, except with simple,

homogeneousdistributions (page 359) or for particular phe-

nomena which conformclosely to therelief.
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Scale 1:5000 Contourinterval 20 m
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Isarithms

Isarithms are applicable to any quantitative component.

They are only conceivable as equidistant; if not, they merely

show the boundaries of areas, which must be interpreted in

succession. The efficiency of isarithmsis very limited.

The map in figure 2, which depicts the Salt Mountain of

Djelfa (Algeria), surveyed by E. F. Gauthier and published

in the Annales de géographie (Paris: A. Colin, 1914), shows

that isarithms are an excellent means of recording and dis-

playing SLOPES,butthat their properties stop there. They

do not permit us to perceive in a single imagethe total eleva-

tion, the actual volume,the altitude, nor even the “sense” (up

or down) of the slope, for which we must return to the ele-

mentary level of reading (counting the contourlines, reading

the elevation numbers).

Isarithmsare therefore used
— to represent slopes or breaks in the distribution of a com-

ponentQ;

— to discover, at the laboratory stage, the main lines of a

distribution;

— to superimpose on the same drawing several components,

depicted in various implantations, with the goal of dis-

covering precise positional relationships, in elementary

reading.

Isarithms do not permit us

— to carry out overall quantitative comparisons;

— to represent a component QS, that is, absolute quanti-

ties calculated for variable areas (the densities must be

calculated);

— to represent a sparse sample,that is, information involving

unknowns whose numerical value cannot be inferred from

the known points. Only a retinal variable can correctly

express such a sample (see page 364).

  
Construction of isarithms
Let us look at a series of numberedpoints(figure 3).

Bydefinition, the information includes all the numeri-

cal values, such that the value of any point in the space

can be estimated.
Wheneverone decides to employ isarithms,this postulate,

whichalone permits us to interpolate from the knownpoints,
is implicit.* For precise construction,it is necessary:

(1) To draw all the possible triangles among the points

(figure 3), without intersection. The shorter of two alterna-

tive lines will be selected (for example, 13-32 rather than

21-12).

(2) To divide each triangle side into equal parts, as a func-

tion of the numerical values and the unit chosen. Here, the

unit is 1, with principal values at intervals of 5. The line

(or trace) is “smoothed” by observing three or more values.

Thus, between 12 and 25, it is possible to take accountof the

flattening revealed by line 25—26, and confirmed by 25-23

and 25-22. The spaces would then be narrower near 12 and

wider near 25.

(3) To link the equal values thus discovered, which replace

the original sample values (figure 4). It is not possible to

depart from the network of triangles; the information does

not exist outside of it. Attempting to do so will lead to

ambiguity.

(4) To “smooth” the information by drawing the isarithms

(figure 5), which is reasonable if one considers that angular-

ity, that is, discontinuity on the plane, is highly improbable

on these conceptuallevels.

*This postulate also determines the “positioning” of the value within an area.
Either the position of the “center of gravity” of the phenomenonandits value are
known—which may deviate from the mean value and produce a supplementary

value—orelse this value is unknown, and the mean value cannotbe placed else-

wherethanat the geographical center. However, within the boundaries ofthe area,

it can be moved slightly as a function of the neighboring values (smoothing of the

surface profiles).
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Sense of the slope and shading

Isarithms do notindicate the sense of the slope (see figure 2,

page 385), which will only be apparent in very simple and

familiar distributions. However, in meteorological sketches,

for example, it must be inferred from appropriate signs.

Thus, the sense is generally suggested by aseries of tints

(redundant combinations with value or color, which obvi-

ously overload the image), or by shading. The simplest way
is to shade the contours by darkening the lines. One either

imagines a light coming from thetopleft (figure 2)—-which

is familiar, probably due to “right-handedness”andto result-

ing lighting habits—ora light coming from the top of the

image. In this case, the shading combines with a variation in
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thickness, which is added to the perception and avoidsrelief

inversion (figure 3).

On a gray background, the white and black lines recon-

struct the lighting of actualrelief (figure 1). The visual dis-

tance between gray and white must be perceptually equal

to the distance between gray and black. Shading alone can

express the main classic geomorphologic shapes, especially

if medium grayis utilized to represent the absenceof slopes

(figure 4). The photograph of a relief model, in plaster, now

constitutes the safest means for evoking geographic relief

at a large scale, provided the plaster is as vigorous as the

landscapeit is meant to represent.
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E. Cartographic problemsinvolving

more than two components

A cartographic problem involves more thantwo components -—“processing’” maps(collections of images), which represent

when the information expresses the relationship between the comprehensive information on separate maps which
a geographic component and two or more additional are comparable andclassable;
components. — a cartographic message or synthetic schema, which super-

The graphic representation must then utilize four compo- imposesthe essential aspects of the information in several

nents or more.It cannotbe realized in a single image, and the simplified images.

totality of relationships cannot be perceived instantaneously. Any inventory can produce a message, and, in fact, any

The designer will therefore have to choose among the message results from an inventory followed by processing.
following: By the judicious use of cartographic methods, we can avoid
— an inventory map, which is comprehensive but must be useless inventories and directly construct the processing

read point by point; drawings from which wethen derive the message.
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1. Inventory maps (comprehensivefigurations)

Weutilize a cartographic inventory questions involving the

geographic component are the most pertinent ones.

Finding a geographic location is a commonproblem. The

topographic map, the city plan, and the subway diagram

constitute collections of reference points which permit us

to orient ourselves, to know in advance whatweare looking
for, or to identify what we are looking at. With these types

of document, the elementary level of reading is the normal

level: ““Whatis there at a given place?”

The intermediate and overall levels are virtually excluded;

for example, the study of relief developed only when geog-

raphers had at their disposal the relief map alone (orohy-

drographic edition), separate from the overall topographic

map, even when the various components superimposed on

the overall map were differentiated by all available means

of visual selection.

One also constructs an inventory at the point of a first

graphic recording of complex information. Such is the

case with the map by J. Letarte (figure 1, page 150: Agrar-

ian Landscapes in Chad), which is merely the translation

in black and white of the original, which was done with

colored pencils directly on the topographic mapat | M. This

mapconstitutes the preparatory stage for graphic processing.

We also examined (figure 1, page 165) the maps which

had to be established next in order to “process the informa-

tion” and perceive the totality of the information in only a

few images. The very simplified message which could be

obtained from the whole of the information was given in

figure 2 on page 163.

But there is an infinite number oflevels of simplification,

which can appear to muddle the distinction between inven-

tory, processing, and message, if precise definitions are not

used (see page 160). Indeed, certain simplifications can be

utilized as inventories and also as messages. Suchis the case

with the map in figure 1, which is no longer a comprehen-

sive inventory (the geographic shapes are simpler than in

the given information), although it does display the useful
totality of the categories of the nongeographic components.

It can be considered as a research instrument, even thoughit

is not strictly speaking “comprehensive.”

Note that the graphic is both efficient and easy to draw.It

can serve as a Standard for numerous problems and can be

analyzed asin thetable in figure 2.

The overall imageis based on the amountofland utilized.

Furthermore, it is possible to visually select each of the

subsets defined by a category of the thematic components.

For example, we can see only the park, the bush areas,or

the “rosaces” (see page 163), etc., and can compare these

different distributions.

Thus, we can observethat the “rosaces” and lowlandsare

alwaysintensive (permanent), that they almost never occupy

more than 50% ofthe land, and that they are often combined

with the bush areas butpractically never with cotton.

Finally, any elementary question, such as, “At a given

place... ,’ can be answered immediately and completely.

But this representation could only be conceived after an

attentive study of the distributions drawnin figure 1 on page

165.

 

 

 

 

 

2 INFORMATION GRAPHIC CONSTRUCTION

GEO (20 000)aerial photos simplified

O (4) Cultivated area: desert
0-10%
10-50% size variation, of lines
+ 50%

(5) Agrarian landscapes parkland
bushland variation of orientation and shape (parkland)
cotton fields groupsof oblique lines (lowlands and radiating fields) in con-
lowlands trast with orthogonallines
radiating fields

F (3) Land utilization: intensive (permanent)
intensive-extensive spacing oflines
extensive (shifting) (reduction to two categories: intensive and other)    
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Useful inventories
Two additional components can produce a useful inven-

tory, provided that their combination is meaningful. The

overall image is based onthe result of this combination. One

example is the map of Spain in figure 1, page 188, where

population combined with tax rate produce a single image
based on the total amount of tax revenue; another is the

wind mapin figure 3, page 353. This is also the case with

the mapof agricultural population in the United States, by

Roberto Bachi, given in figure | here.

The problem can be analyzed asfollows:

GEO —Americanstates
Q  —total population (numberof large squares)

Q% —agricultural population (represented by the arith-

metic scale [figure 2] perfected by R. Bachi, which

permits graphically reading, on the elementary

level, a quantity of 1 to 100 downto the single unit)

Thus in elementary and intermediate reading, one can

focus either on the total amount of population or on the

percentages of agricultural population. Furthermore, the

overall image involves the absolute quantity of agricultural

population, since: Q total X Q% = Q partial. However,this

overall image is very different from the image which would

be producedeither by the percentage of agricultural popula-

tion, or by the total quantities.

These last two elements are indispensable in the process-

ing of a large data set, where the classing and grouping of

factors is imperative; as, for example, with the factors of
regionalization in the national budget (Paris: Imprimerie

Nationale, 1965, 400 maps).

It is possible to load a map to the limits of elementary

legibility, but such figurations are most often inefficient

and thus useless. Such is the case with “chartmaps,” con-

structions where diagrams having 2, 3, n, componentsare

“strewn” over a geographic background.

The chartmap is hardly ever efficient, except when the

third component is very limited or when it can be repre-

sented with three variables; two examples of this are shown

in figures 3 and 4.

Figure 3 shows grain supplies in Paris (after M. Baulant

and J. Meuvret, Prix des cereals, extraits de la mercuriale

de Paris [Paris: S.E.V.P.E.N., 1960]).

GEO —cities

- —two types of quantity: grains and shipments

Q —the quantities

Note that the ratio, Q of grains transported/Q of shipments,
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gives the average size of the shipment (and at the same

time suggests the probable meansof transportation: boats,

wagons, animals).

The overall image is based on the quantity of grain. Inter-

nal division produces anefficient perception of the size of

the shipment.

Figure 4 shows the devaluation of money (after Fernand

Braudel and Frank Spooner,“Prices in Europe from 1450 to

1750,” in The Cambridge Economic History of Europe, vol.

4, ed. E. E. Rich and C. H. Wilson [Cambridge University

Press, 1967], pp. 374-486).

GEO —sixteencities
Q —silver per monetary unit in 1750 (based on 100%

in 1450)

~(2) —silver remaining (in black), silver lost (in white)

The # componenthas alength of 2: it is a binary com-

ponent, and the overall image is based on the quantity of

silver remaining (black). The precise measurementof each

percentage can then be read, image by image, according to

the angle at the center.

DEVALUATION OF MONEYS OF ACCOUNTSIN SILVER 1450-1750
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Useless inventories
A “chartmap”is practically useless when the length of the #

componentis extensive: an example of an inefficient inven-

tory is the distribution of the work force, by sector, age, and

sex, aS shownin figure 1. The original map is at 1 M and

consequently measures 1 m X 1 m (Paris: Ministére de la

Construction, 1959).

INVARIANT -—workforce
COMPONENTS —Q according to

GEO (120)—ninety departments plus thirty

cities larger than 80 000 inhabitants

# three main employmentsectors(I, II, III)

O six age-classes

*~ two sexes

The problem has five components and thus requires six

visual variables for its representation.

To grasp the total information given in figure 1, we would

have to memorize 120 X 3 X 6 X 2 = 4320 successive

images!

This “figuration” (see page 151) cannot be compared with

other data, nor doesit permit regionalization.

Such information should not be graphically represented

by a “chartmap.” It is a useless drawing, an ill-conceived

dictionary which cannot even serve as aninitial airing of

the information. Indeed, in constructing the appropriate

images, one realizes that the original statistical tables are

much morepractical and, obviously, more accurate.

Here, a graphic representation is justifiable only after pro-

cessing, and it mustlead to a limited numberof images. Two

types of images can be constructed:

(1) images GEO Q:

X six age-classes

X three sectors

x two sexes... that is, thirty-six images

(There is one image per age-class for one sector and one

Sex.)

Wecan obviously eliminate one or another of the three

components and construct eighteen, twelve, six, three, or

two images.

(2) images GEO O (O denoting the order of the typesresult-

ing from the components Q and O6):

X three sectors

x two sexes .... that is, six images

(There is one imagepersector and persex.)

We can also eliminate one or another of the two compo-

nents and construct only three or two images. The process
outlined below is of the second type. It combines all the

sectors and treats only the masculine sex. (However, the

approach is the same for a given sector.) The information

is as follows:

  

      

2

3

4 :

INVARIANT  -—total male workforce

COMPONENTS —Q according to

GEO (90) (only the departments have been

considered)

O six age-classes

This information has three components, thus requiring four

variables.

It must therefore be reduced again in order to construct

it as a single image. This reduction is obtained by diago-

nalizing the image formed by the component GEO,consid-

ered as linear and reorderable, and the component Q. We

can proceed, as on pages 231 and 245, by constructing one

linear card per department (this is the best method) or as

below by constructing one diagram per department.

Take the diagram of all of France (national mean)

(figure 2). The departmental diagrams are comparedto it

(figure 3). The differences positive (in black) or negative (in

white). The meanis broughtto a straightline (figure 4).

The diagram of deviations from the mean is thus con-

structed for each department.
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DOMINANT AGE CLASSES

Male Population in 1954 According to
Age-Classes
Departments

Typesof distribution
(deviation from meandistribution)

iii!
The departmental diagrams must be made classable. They

are drawn on tracing paper; one or two copies are made;

then these are cut up.

By successive comparison and classing we discover

similar types of distribution (figure 1), which are ordered

accordingto the principle of diagonalization (figure 2), and

we construct a display (figure 3), in which all the depart-

mentsare ranked.

All that is required is to adopt an ordered retinal variable

and project this display onto the map(figure 5), which forms

an image, for which figure 4 is the legend.

A comparable image can be constructed for the feminine

sex and for each sector. As a result, the whole of the infor-

mation containedin figure 1 on page 394 could be perceived

in Six images.

The relative efficiency of one construction over another

can be expressed bythe ratio of the numberof images neces-
sary for their overall perception, that1s:

90 X 3 X 6 X 2/6 = 3240/6

Positive-negative series

A texture variation permits us to separate the series of

departments into two parts: predominance of youth (values

in fine textures); predominanceofelderly (values in coarse

textures). See also figure 5 on page 231. Thefine textures are

generally obtained bylines, the coarse textures by points.

In the absence ofcolor, texture is the only retinal variable

available for efficiently separating two ordered series. This

is the best graphic solution for the problem of separating

positive and negative quantities.
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2. Processing maps* (collection of
comprehensive images)

The generalsolution for any geographic problem involving

more than two components ts a collection of images, each

one comprehensive.

FIRST EXAMPLE: ECONOMIC CENSUSESIN SPAIN

(From G.DaSilva, En Espagne: Développement économique

[Paris. Mouton, 1966]).

Historical censuses are numerous in Spain, but they are

often subject to caveats. Is this a reason notto utilize them?

The rigorous recording of the data, according to the formula

of “the regular pattern of proportional circles” (see page

369) permits us:

(1) to take some 1500statistical data points involving ten

components, make them graspable in thirty-six comparable

images, and represent them on a double page 42 X 27 cm

(see following pages, 398 and 399);

(2) to approach the problem of critically evaluating the

census, based on the numbers themselves and not on non-

quantitative external information;

(3) to carry out all the desirable comparisons among these

componentsand propose a general reduction of the informa-

tion to several images.

*See also G.I.P., pp. 161-167 (translator’s note).
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The graphic problem
The task of the graphic designer is to makethestatisti-

cal data easily graspable, while ensuring comprehensivity.

The designer must avoid a priori simplification of the data,

a reduction of the quantitative series to a small number

of predefined steps. The regular pattern of graduated

circles provides the means of accomplishingthis.It is also

importantfor all the maps to be comparable, whateverthe

nature of the phenomenon and whateverthe time period

involved.

It is clear that the only conceivable unit is the total of

each particular quantitative series. Otherwise, we could

never compare population and currencies, or even different

currencies (pesetas and maravedis, for example, are units

whosevalues vary over time and whosebasesarestill to be

determined). For the same reasons,it is inadvisable to rep-

resent the variation in total population from oneperiod to

another; it would dominate and overwhelm regional varia-

tion and make any other comparison impossible.

We must focus only on the regional distribution of each

phenomenon, independent of the total differences, which

are not usually comparable between different periods. In

other words, the eye compares geographicfrequencies, that

is, the regional percentagesof a total constant volume.
A “density adjustment” permits us to relate all the repre-

sentations to each other.

Criticism of statistical documents
The properties of graphic expression also enable us to

resolve the delicate problem of the credibility which should

be accordedto given information.

There is no perfect information, but only degreesoferror,

which oscillate between the acceptable and the unaccept-

able. In the present case, one generally evaluates the level

of acceptability according to a historical criticism of the

sources, which involves determining the conditions of the

original elaboration of the numbers, along with the compe-

tence of the researchers and the authors.
This criticism is based on comparisons with inventories

which are similar in nature, region, and time period. The

tendency is obviously to reject given information en masse

when several samples have yielded bad results. Since car-

tography is considered to involve only “accurate” represen-

tation (but what is accuracy?), such information is often

abandoned. However, the graphic representation of infor-

mation is truly the best possible instrument of control and

evaluation, when the graphic system allowsus to represent

the information integrally. Instead of relying on samples,it

paints a total picture of the potential error. The graphic rep-

resentation of erroneousdata is not to be feared during the

course of research.

On the contrary, it always yields useful information, either

concerning the content—to the degree that, for example,

even if all the numbersare false, the general tendency can

still remain valuable and confirm a relationship discov-

ered elsewhere—or concerning the extent of the error, or

400

its principal characteristics. It allows us to approach the
problem of historical error from theerroritself, not from the

potential causes.

Consequently, the statistics of 1799, reputedly erroneous,
have been retained in the maps on pages 398 and 399. Each
person can evaluate them and discover certain probable

aspects, even in a Series of flagrant abnormalities. Likewise,

we have preserved information from the sixteenth century

whose accuracy is questionable, but which in general under-

scores tendencies which can be consideredas probable.

An attempt at overall summary
Faced with such a collection of comparable data, it is

tempting to seek a formula capable of producing an overall

summary.

Justification of the categories retained

(1) It is known that a single statistical number means

nothing and that only the comparison of several numbers

is meaningful.

(2) No numberis strictly accurate, but the tendency resulting

from the comparison of two numbers can be meaningful(if

one limits oneself to the tendency).

(3) This tendency has an even greater probability of being
meaningful, if it is found again in more observationsof dif-
ferent nature and origin. The probability of meaning obvi-

ously results from the observation of the greatest possible

numberof data points.

In the present study, it is precisely the graphic system

which permits the maximum number of comparisons.It

also affords the assurance that visual perception does not

result from prior transformations, which reduce the quanti-

tative variations to several arbitrary classes. It is therefore

legitimate to define at least the two extremetendencies, one

toward the minimum (predominance of white on a map),

the other toward the maximum (black), andit is indispens-

able to reserve an intermediate category for the uncon-

firmed or doubtful tendencies(gray).

These are the three terms which have been set out in

each phenomenonandfor the seven characteristic regions,

which emerge from the collection of maps (pages 398

and 399),

Utilization of categories: R m P

Furthermore, it seems legitimate to add similar tendencies,

if one takes into account the fact that in each phenomenon,

black represents a “rich” tendency (R) and white a “poor”

tendency (P). We will define gray as “medium” (m). An

addition has been attempted here on an experimentalbasis.

By accomplishing, within the framework of a region and

a period, the total of the phenomena observedin eachten-

dency, then by makingthetotal of the observations con-

stant across regions and periods, we can transcribe the

frequency per period of each one of the three terms R m

P, and we obtain thefinal figure (figure 1). It is indeed a

‘“chartmap,” but it involves only seven images.It is therefore

easily understandable.
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Here is another example of graphic information-processing.

In 1949, André Siegfried published his Géographie élec-

torale de l’Ardéche sous la IIF République (in Cahiers de

la Fondation Nationale des Sciences Politiques (Paris: A.

Colin, 1949]), a small book, rich in substance, and now a

classic. Siegfried’s book is loaded with mapsillustrating the

different political factors, and indeed the essential points of

his demonstration are derived from geographic similarities.
The map, far from being aritual “illustration,” constitutes

the basic, indispensable material for his analysis.

His study is presented in the form of a geographic descrip-

tion, where physical, human, and economic factors are

discussed successively. It ends with the analysis of politi-

cal behavior. In the conclusion, attention is focused on the

distributional similarities of several phenomena, and these

similarities permit an explanation of political attitudes to
be sketched out. In expressing his thoughts, Siegfried relies

mainly on language, where he excels, and his approachis

intuitive. If it had been deductive, he would not have let a

cartographic arrangement as improbable as that in figure

2, be published. He would have required as much logic of

the graphic demonstration as of his verbal argument, and he

would no doubt have developed the latter otherwise. In fact,

the work contains the elements of a concise and rational

demonstration, which can be reconstructed simply by using

the published documents and the very phrasesof the author.

  

C
l
i
m
a
t
.

  

V
e
n
t
s

Li
mi

te
s

 

  Geologie | Altitudes

  

 

 dd

   

   
  in

io
n

p
1
8
7
6
-
1
9
3
6

  

~  

   

 

Ev
ol
ut
io
n
de
l'
o

 

 Communaux

 

% des Voix /

 
401



402

@
m
 

Right

  

od

1869 4

¢

1886 ' 88 , 89 ;

1910 14 , 19 ‘

 

     
   

1*' confirmation: More detailed mapsyield the same distribution
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In his book, Siegfried proposes investigating the factors

of political behavior in the department of Ardeéche in the

following manner.

First question: Whatis the political physiognomyof the

department of Ardéche?

An answer is obtained by mapping all the known votes

(figure 1). Each map is discussed and defended (pages

75-106). A first confirmation is achieved by creating a more

detailed distribution between the right andtheleft, through

the introduction of intermediate steps.

Looking for a possible evolution is imperative when con-

fronting documentation extended over more than a half

century. The series of maps in figure | already reveals a

great deal of stability, which is confirmed by a graphic

(second confirmation).

The votes of the parliamentary delegates in particu-

larly significant ballots confirm the first results (third

confirmation).

Suchstability leads to the construction of a table (which

could have been diagonalized[figure 3], thus permitting the

inclusion of the canton of Serri¢res—the most northern—

among the unstable cantons and leading to a further con-

firmation of the main thesis). Then the author drew a map

(figure 2), which he titled “Summary of Political Opinion in

Ardéche.” This map constitutes the detailed answer to the

first question.
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Series of comparative factors
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Second question: What are the fundamental causes of

the political physiognomy of Ardéche?

To answerthis question involves increasing the elements of

comparison (figure 1). They are obtained by the mapping

of all the factors, obvious or remote, which mayrelate to

public opinion. Each mapis discussed, since categories are

defined not only as a function of the phenomenon,but also

of a potential resemblance with the mapin figure 2 on page

403. Three factors display a similarity in distribution with

that map: geology;altitude; Catholicism. Siegfried also sug-

gests the importance of main roads, which we have added

in figure 2 here. He next showsthe interference of the dis-

tribution of Protestants, which explains the anomaly of the

St.-Agréve canton.

This is what is expressed by the graphic equation in

figure 2.

In parentheses are the factors whose distribution is close

to that of the main schema. The sign + introducesa factor

which is necessary to complete the analogy.

‘One need only consider the map of religious affiliation

to realize that the cantons . . . which are the most Catholic,

are at the same time the most oriented towardthe right... .

At this point the geologic map and especially the altitude

map are to be retained as giving the true explanation...

However, it is a singular exception which points us in the

direction of new explanations . . . the St. Agréve Canton,

although located at an altitude of 1000 m,votes on theleft.

The reason is simple: it is a Protestant canton...” (Siegfried,

pages 112 and 113). A confirmation on the communelevel

affirms that the correspondence observedin figure 2 applies

not only to the general tendency butalso to a precise reality

on the most detailed level of observation.

Thus two pertinent questions, two graphic processes, and

two answers achieve the essential purpose of this remark-

able study, the reduction by comparisonandclassingof fifty-

three main images corresponding to four components (GEO,

Q, O of time, ~ evidence).

One cansee herethat the essential task of the researcheris

to class the available records, the maps, and to define group-

ings and layouts which highlight previously hidden relation-

ships. To arrange and group the mapsin the best wayis the

fundamental problem, and, in graphic processing,it is not

the duty nor even the province of the “layout editor.”
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THIRD EXAMPLE: FINANCIAL FLUCTUATION
AT MARKET PLACES

(From G. Da Silva, Stratégie des affaires a Lisbonne entre

1595 et 1607 (Paris: A. Colin, 1956].)

Here is a simpler example of graphic information-pro-

cessing. The arrival of the Spanish fleet loaded with pre-

cious metal has a repercussion on the financial marketplaces.
Metal coin, on the one hand,bills of exchange (an instru-

ment for both transfer and credit), on the other, are the two

terms in an exchange where merchants take account, either

of the “largeness” or abundancy of the metal (or numerical

value), or, on the contrary, of its “smallness” or rarity, at a

marketplace and at a given moment.

The data show this alternative over time and for the prin-

cipal marketplaces. The situation is always very different

before and after the arrival (always unpredictable) of gal-

leons from the Indies.

First question: Is there a generalsituation,

repeated frequently, which could be considered

as a standardsituation?
This involves indicating:

— each particular marketsituation:

Largeness +

Smallness ¢

— the period “before”or “after” the arrival of the fleet.

Figure | attempts to representthis.

A comparative study within the “before” series, then

within the “after” series, enables us to identify the most
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frequently occurring similar cases and thus characterize the

standard situation, shownin figure 2.

Second question: Whatare the special cases

which demandfurther study and explanation?
The answerto the first question enables us to remove the

standard situations (denoted by the empty boxesin figure 3)

from the very complexdisplay in figure 1.
By comparing the remaining situations with figure 2,

placedat the top of the page, we undertake a second removal,

which permits us to retain only the special situations. The

display has become simple and legible (see figure 3). It sug-

gests the objectives of further research.

Cartographyis not indispensable in this process. It would

be sufficient to linearize the geographic order (figure 4),

represent the markets by signs (L: Lisbon; C: Castile; A:

Antwerp; G: Genoa), and construct a diagram.

— The twosituations, before and after, separated by the wavy

line (and completed by the more remote situations) are

given on the abscissa(x).

— The cities, repeated for each situation, are also recorded on

the abscissa (x).

— The variousobservations, classed over time, are given on

the ordinate (y).

— Largeness (vertical line) and smallness (horizontal line)

are represented bya retinal variable (orientation).

One need only add by columnto discover the standard ten-
dency(last line at the bottom) and point out the special cases

which do not correspondtoit (circles).
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LIBERAL MOVEMENTS BEFORE FEBRUARY 1848

 (©)))] Unrest, civil war Liberal gains Assembly [[{1]Sertdom

SIGNS OF A DATES LAST REACTIONS
NEW EUROPE OF THE HOLY ALLIANCE

1845 Catholic League (Sonderbund)
against Swiss Constitution

Polish insurrection (Republic of 2 Feb. 1846
Galicia, Cracow)

Polish conspirators, hunted, Nov. 1846 3 The Three Powers (Austria, Prus-
spread throughout Europe sia, Russia) occupy Cracow and

annexit to Austria
First reforms of Pope Pius Ix 4 June-Dec. 1846

Jan. 1847 5 Occupation of Ferrara
King of Prussia agrees to Landtag 6 Feb. 1847

Reform movements:

in the Papal States 4 April 1847 6 King of Prussia dissolves Landtag
in Tuscany 7 Sept. 1847

in Piedmont 8 Oct. 1847

Victory of constitutional Switzer- 1 Nov. 1847
land over Sonderbund (Catholic

League)

Banquet’ campaign of French 9 July 1847 10 Louis-Philippe rejects reforms,
opposition Feb. 1848 does notinterfere with Austria,

supports the Sonderbund
Constitution of Naples 11 Jan. 1848

3. Cartographic message
(superimposition of simplified images)

Most school maps, pedagogic atlases, blackboard sketches,

and synthetic schemasare in this category. The mapin figure

2 on page 163 is an example of a cartographic message.It

permits us to discoverthe essential points of comprehensive
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LIBERAL MOVEMENTS AFTER FEBRUARY 1848

@

 SEN) Liberal gains EES warof independence (__.) Assembly {fTSerfdom

 

 

24 Feb. 1 Establishment of French Republic

Feb.-March 2— Small German states: revolutionary movements and
convening of assemblies

11 March 3 Prague: insurrection and convening of
constituent assembly

13 March 4° Vienna: insurrection and convening of
constituent assembly; Liberation of serfs
in Austro-Hungarian Empire 

~ *13-23 March 5 Venice: revolt against Austrians and proclamation of republic

14 March 6 Rome: new constitution

 16 March 7 { Hungary: Diet of Presbourg transforms
| constitution

18 March 8 Berlin: Frederick-William influenced

by liberal movement

18 March 9 Milan: revolts and appeals to Piedmont

31 March-18 May 10a |Frankfurt: meeting of ‘’Vorparlement,” then parliament

 May 11 { Hungary: assembly of minorities on
Hungarian borders (Croat-Slovenians,
Serbians, Transylvanians)

June 12 Bucharest: Proclamation of constitution

 

information in several instants. Rememberthat to be memo-

rizable, a representation can superimpose only two or three

very simple shapes, which must be immediately distinguish-

able. They must be differentiated:

(1) by differences in visibility (consequently, a dominant

shape mustbe chosen),



ORDER RESTORED(1848-1852)
 

 

ee ree

—_> Military intervention EZ, Republic iecel Serfdom

    
REACTIONARY GAINS NATIONALIST TURNOVERS

May 1848 1 Abolition of liberal regimes:
in Naples

June 1848 2 in Bucharest
Austrian/military victories:

June 1848 3 at Prague
July 1848 4 at Custozza

August 1848 5
October 1848 6 —| at Vienna

Period of uncertainty

Republic in Rome (5 months)
Republic in Tuscany (3 months)

 
Republic in Venice (1 year)

 February 1849 7
8 

March 1849 9
April 1849 10 Republic in Budapest (4 months,

11 Hungarian victory of Gédélé

Reactionary gains

(serfdom remainsabolished in Austro-Hungarian Empire)
April 1849 7 Oudinot in Rome

June-July 1849 12. Repression of German liberal movements
August 1849 13 Victory of Temesvar
2 Dec. 185214 Napoleon HI proclaimed Emperor

in Novara
 

  

(2) by differences in implantation (gray areas, black lines,

points).

A graphic message can be constructed in several separate

images, as in the example from A.Siegfried (figure 2, page

405).

Finally, a series of graphic messages can becreated to

facilitate, for example, the visual retention of a series of his-

torical situations. This is the case with the images above and

on pages 410 and 411, which are taken from C. Morazé,P.

Wolff, and J. Bertin, Nouveau cours d’Histoire, classe de

philosophie (Paris: A. Colin, 1950).

For each period a dominant geographic distribution has

been suggested by highlighting a particular country or

 

FRENCH DOMINANCE(1852-1861)
j

 
 

(] French
garrison
in Rome

s

Ry

  
oe Wars ==> Decisionsof ius of Paris Zz Annexedterritories   

March 1854-Sept. 1855 1 Crimean War

March 1856 CongressofParis:
2 Closing of Straits
3 International status of Danube
4 Moldo-Wallachian principalities
5 Guaranteeof Serbian rights

1858 4 Moldo-Wallachian principalities unite in ‘‘Rumania”’

1859 6 Warin Jtaly (Magenta, Solferino); Piedmont accepts Lombardy

March 1860 7 Unification of Northern Italy
April 1860 8 France annexes Nice and Savoy
April-Sept. 1860 9 Uprising in Southern Italy
September1860 10 NapoleonIII allows Piedmontese to cross Papal States (Castelfidaro)

phenomenon: a feeling of encirclement, internal change,

expansion of liberal movements, reactionary repression,

extension of the sphere of influence by treaty or war... .

Attention is focused on the graphic outline, which tends

to define each phase and contrast it with neighboring ones.

Elementary reading is possible due to the key, butit is con-

trolled by the general shape, whichstrikes the reader before

any consideration ofdetails.

These maps can only be comprehendedin relation to one

another. They thereby illustrate the reasons for the selection

whichthe authors felt justifiable as a means of understand-

ing the principaltraits of contemporary Europeanhistory.
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RISE OF NEW POWERS(1861-1871) GERMAN DOMINANCE(1871-1890)
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1864
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=> Wars —> Intervention GH Annexedterritories,||] Northern Confederation

Insurrection and crushing of Poland
Warof Prussia and Austria against Denmark
Warof Prussia and Italy against Austria (Sadowa)
Austria returns Venetia to France, who returnsit to Italy
A Hohenzollern assumesthe throne of Rumania
NapoleonIII stops Italians, who threaten Rome
Formation of the Northern German Confederation
War between Prussia and France; France loses Alsace-Lorraine
Italians take Rome
Russians openStraits

   =>War

1871
1877-1878

1878

1881
1882
1887 m
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Decisions of Congress of Berlin WI Annexations*.Greater Bulgaria|

William I proclaimed emperor of Germany
Warbetween Russia and Turkey
Formation of Greater Bulgaria
England aquires Cyprus

Congress of Berlin

Russia expandsonleft bank of Danube
Foundingof lesser Bulgaria
Expansion of Rumania (Dobroudja)
Austria obtains administration of Bosnia~Herzegovina
Alliance of Three Emperors
Triple Alliance
Entente with England



CHECK OF BISMARK SYSTEM (1890-1914)
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1893

1904

1907

1 Network of Bismarkalliances

2 German-Russianrivalry in industry and agriculture

3 Franco-Russian alliance

4 Entente cordiale between France and England

5 Settlementoflitigation between England and Russia

AUSTRO-GERMAN GROWTH(1895-1914)
 

  
   
  C0 Balkan League

   
WY, Annexations *  Entente   

1899-1914
1903
1908

1902-1911
1908

1912

1913

1914

 

Undertaking of Bagdadrailroad
Failure of Austria-Russia reconciliation (Marzsteg)

Failure of British-German talks on sea policy
Failure of economic talks with France
Austrian annexation of Bosnia-Herzegovina
Italian conquestof Tripoli
Balkan League (underRussian influence) against Turkey
First Balkan War and dividing of Macedonia
Second Balkan War. Serbians beat Bulgarians,allies of Austro-Hungarians
Serajevo
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AREA-RADIUS TABLE-GRAPH

Radii of circles with area S = Q
(Q being the quantitative series)

After having determinedthesize of

the unitary circle at 1, 10, 100, or

1000 units, this table-graph enables

us to obtain the radiusof the circle

corresponding to any quantity.

For example, take a circle with a

radius of about 3 mm to represent

10 units in the quantitative series.

This definition determines the

horizontal row (indicated here by the

dotted circle) on which wefind the

radius of the proportionalcircle for

any quantity. Thus 50 will have the

radius of the dotted circle, and 2000

a radius of 43.5 mm, which can be

taken directly by the compass.
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Epilogue

The Origins of Semiology of Graphics

A few anecdoteswill help to situate Semiology of Graphics

withinits original landscape.In the thirties and forties, when

it came to publication, who wasresponsible for creating the

map? The printer! And how wasthe cost of the map deter-

mined? By the number of words appearing in it! After the

war, when I asked the administration for military reassign-

ment as acartographer, to my great astonishment my request

was accepted immediately: “Of course, the colonel told me,

there’s a shortage of printers!”

How should the sea be represented? By horizontal lines.
Any other choice was consideredan error(note that writing

a numerical expression like “Sth” is still considered an

error by many editors, and yet how manyerrors doesits use

avoid!). In a survey done in the seventies, most geographers

considered mapping to be a “technique.”

In the first edition of Semiology of Graphics, the notation

“with the support of the CNRS” (Centre National de la

Recherche Scientifique) was added on a label. The expla-

nation: the notions of “graphics” and “semiology” were

considered by the first reviewers as nonscientific or even

unheardof.

Such a landscape amplyjustified the creation of the School

of Cartography at the Sorbonne byProfessor E. de Martonne.

For a long time drawing wastaught by Professor L. Bergelin,

and the focus was on topographic, geologic, hydrographic,

and geomorphic maps,as well as on wall maps and compos-

ite maps. Learning involved how to draw letters and “plot

a dot” downto a twentieth of a millimeter, but graphics in

the service of mathematical projections, geographyteaching,

and documentation were practically unknown.

A few years later, at the CNRS and the Ecole des Hautes

Etudes, the problems encountered in graphics were of

an entirely different nature and concerned questions of

history, ethnography, psychology, archaeology, architec-

ture, economy, linguistics, politics, demographics, geogra-

phy, medicine, etc., and it was evident that the best graphic

solutions were usually the same, regardless of the discipline.

There had to be something commonto all these graphic

problems, something completely independent of the scien-

tific fields involved. This was, I believe, the origin of the

discovery of the VISUAL VARIABLESandofthe specific-

ity of graphic language.

THE VISUAL VARIABLES

I say “discovery,” since the “visual variables” and their

properties have their own history.

In Paris and the Parisian Region (1952), Paul-Henry

Chombart de Lauwe spoke of differences in VALUE,

SHAPE, and SCINTILLATION. It was noted that value

and “scintillation” (texture) are much more selective than

differences in shape, which makeit difficult to distinguish

one type of sign from another.

In a brochure donefor the Ecole des Sciences Politiques, a

fourth variable appeared: a variation in DIMENSION with

the accompanying notion of visual addition. In 1954 the

term ORIENTATIONwasused.

In 1957 in a publication of the Ecole Estienne, COLOR

was added, while “scintillation” became “TEXTURE.”

The properties of these six variables were termedselection,
fusion, hierarchy, and weight; and thefirst table showing

the correspondence between variables and applications was

constructed.

In 1967 with the first edition of Semiology of Graphics,

THE TWO DIMENSIONS OF THE PLANEwere added,

making a total of eight visual variables. The introduction

of the X and Y dimensionsof the plane and the location of

the six other variables in the “Z” dimension underscored

the advantage inherentin graphic language: any component

of the data can be represented by the X dimension, the Y

dimension, the XY plane (cartography), or the Z dimension

of the visual image, the problem being to determinethe best

application.

The signs (+) (=) (O) (Q) serve to designate components

that are “different, similar, ordered, proportional.” They

appeared in thefirst table classifying the properties of the

visual variables: that is, 2DP, Sh, V, T, C, O, Si (the term

DIMENSIONwasreplaced by SIZEto avoid confusion with

the dimensionsofthe plane).

In 1977 with Graphics and Graphic Information-Process-

ing, a major distinction was made between VARIABLES

OF THE IMAGEand DIFFERENTIAL VARIABLES.In

2003 the properties of the variables took the forefront, with

the notion of overall perception clearly expressed by the

symbols (+) (=) for difference and resemblance and (QO)(Q)

for order and quantified order.

Certain commentators on Semiology of Graphics have

attempted to add to the list of visual variables. Some have

proposed the cinematographic image, forgetting that it’s a

matter of quite another language with entirely different laws.

Blurring (marginal gradient) is the most serious proposal

I’ve seen up to now, along with blinking (limited to the

computer), both of which are useful in the representation

of variability.

PERMUTATIONS WITHIN THE IMAGE

The basic cartographic and geographic education formerly

dispensed in schools of cartography engraved the image of

an immutably fixed plane in the mind. That was considered
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the fundamental property of a map, and no one imagined

transforming it. There were, to be sure, a few “graphics”

introduced at the end of the schoolyear, which I usedto do...

before comingto the realization, during a lecture, that what

I was saying, what I was showing, was incomplete, incoher-

ent, and illogical!

I had to start over from nothing, assemble collections of

“graphics” (a term poorly defined in even the best encyclo-

pedias), multiply experiments, forget most of what I’d been

taught, and especially, break the habit of seeing the piece

of paper as immutable. In the first edition of the Semiol-

ogy in 1967, a few of the images involved a reordering of

rows, even columns. But what audacity! Who had the right

to make such changes? At INSEE (Institut National de la

Statistique et des Etudes Economiques), reworking a data

table was considered an abomination!

However, the first Semiology already considers scalo-

grams, Guttmannscales, the Permutator invented by Pages,

and thefirst “domino” equipmentbuilt in the Laboratory of

Cartography. The second edition (1973) deals with “the uni-

versality of the matrix construction” (260-261), but it’s in

Graphics and Graphic Information-Processing (1977) that

the notion of the internal mobility of the image is morefully

developed. This allowed for a clear distinction between a

research graphic (comprehensiveness) and a communica-

tion graphic (simplicity) and becamethebasis for a classifi-

cation of imagesfor the entire field of Graphics.

Meanwhile, the computer fostered the development of

mathematical data analysis; the first automated drafting of

an “image-file” in France (Golbéry), the first software for

matrix permutation using Apple Two (Leduc), and the first

automatedstatistical cartography on IBM.

Competition between graphic processing and mathemati-
cal processing is still keen despite the increasing comple-

mentarity of the two methods. In the absence of adequate

education concerning graphics, the power of visual percep-

tion is still underappreciated. But I am pleased to observe

today that a color matrix of 365 rows (days) over 162

columns allows the Société Nationale des Cheminsde Fer

to plan railway traffic one year aheadof time, whereas one

month ahead of time was the maximumpossible with algo-

rithmic processing.

A REGULAR PATTERN OF PROPORTIONAL

POINTS

To keep me occupied over the summerbreak, a colleague

gave me an “easy”caseto take a glanceat before fall. Easy!

There were 36 datasets concerning the economichistory of

the Iberian Peninsula. Butalso...

1) they were spread out over 430 years, from 1530 to 1960.

2) the monetary units varied—maravedis, reals, escudos,

pesetas—withoutanyindication of their relationship to each

other.

3) the population figures were sometimes by household,

sometimesby person.

4) and to capit off, the geographic regions of the data could

differ from one period to another!

416

Why not add that certain historians considered some of

the data to be erroneous!

Pll pass over the different solutions I attempted during

this pleasant summer“break”to arrive at my conclusion that

proportional points alone offered the subtlety, freedom, and

rigor necessary to solve this problem. However,there still

remained this variation in geographic regions, which was

skewing the data! But whyuse only onepointper area? If I

use two or three and divide the data by twoorthree,I’m still

maintaining visual truth. And howelse should the points be

arranged but in a regular manner, that is, in the form of a

regular pattern!

Remaining as well were a few more details such as the

sizing of the proportional points from the smallest to the

largest, since it’s ineffective to determine the radius of

each point as a function of the number to be represented:

one must choose ascale that is neither too limited (like 5

steps) nor too large. So let’s take a simple base, say 20 steps,

running between two points that vary from 1 to 10 units

in size. We now knowthat one perceivesonly relationships

(Fechner). The progression is thus the twentieth root of 10;
that is 1.122018454.It is on this basis that the plates referred

to as “Bertin points” were obtained and applied to thefirst

automatedstatistical cartography using an IBM printer.

TYPES OF QUESTIONS, LEVELS OF READING

In the mid-sixties most of the preceding elements werein

the wind, andit was no longersufficient to write short pieces

about one or another question. There had to be a book,but

how should it be organized? Atthis point, I was asked by the

scholarly journal Etudes Rurales to review a German pub-

lication dealing with cartographic symbols in agricultural

maps. I have always beenset against using a lot of symbols,

but that wasn’t enough;I hadto state why!
That is how I cameto explore the questionsthat a “reader”

can ask when viewing a map or any other form of graphic.

This led to defining types of questions—“questions pertain-

ing to X and questions pertaining to Y’—and, in cartog-

raphy, “questions concerning geography” (at a given place,

whatis there?); and “questions concerning characteristics”

(a given object, where can it be found?). I was thus able

to demonstrate that the 560 signs proposed in the German

work answered the question “at a given place, whatis there?”

but produced no answerto the question “where can a given

object be found?”’.

These types of questions, soon to be complemented by

the notion of levels of reading, led to a theory of the image

proposed on page 139 of the Semiology. Yet the organiza-

tion of the book remained confused.

UNITY AND SPECIFICITY OF GRAPHIC

LANGUAGE

It is to the linguist Christian Metz, in response to comments

he made on the Semiology in the journal Annales (1971),

that I owe the notions of monosemy, polysemy, and pansemy

and could thus define with some precision what is meant by

the term GRAPHICS compared to the principal languages



usually approached by Saussuriananalysis.

But the means to bring these concepts to fruition in a

book came from the Ecole des Hautes Etudes en Sciences

Sociales. This EHESS support enabled the Laboratory to

pursue further experiments in graphics and to publish the

French version of Graphics and Graphic-Information Pro-

cessing in 1977. In this book,the following appeared for the

first time:

— a graphic information process ranging from data analysis

to communication of results (for the explicit difference

between data and informationsee p. 23).

— a general overview of Graphics (synoptic table p. 29).

— a discussion of the problemslinked to the elaboration of

the data table (chapter D).

But these gains cameat the expense of an oversimplifica-

tion of graphic “grammar”and of cartography.

THE PRESENT STATE

The present state of work in the field of graphics, as of 2004

and summarized in the following pages, brings to bear

reflections inspired by communications theory but espe-

cially by the development of the MATRIX THEORY OF

GRAPHICS. This theory is based on three fundamental

questions:

— Whatare the X, Y, Z componentsof the data table (what’s

it about)?

— What are the groups on X and Y formed by the Z data

(what’s the overall information)?

— What are the exceptions?

These three questions govern the use of graphic language,

and reveal the ineffectiveness of numerous graphics cur-

rently being used.

Finally, the function of precise inventory, highly devel-

oped in geographic information systems (GIS) as well

as in other areas (construction, archaeology, mechanics,

medicine—wherever a fixed reference plane is involved),

assumes a role in the general structure of graphics through

the notions of types of questions and levels of reading.

With hindsight, the principal contribution of GRAPHICS

seemsto meto be in the realm of reasoning, with the precise

and constructive visualization of the different stages of a

study, even before that study is undertaken.

Jacques Bertin (2004)
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Brief Presentation of Graphics

diagrams, networks, maps

These few pages present the basic aspects of graphic

language as they appeared to me in 2004. To formulate them

in as simple and coherent a manneraspossible, I relied on

one observation: the universal nature of the X, Y, Z visual

construction. Any graphic construction can be seen as

a variant of the X, Y, Z construction. Any application of

Graphics can be analyzed in terms of the visual reorder-

ing afforded by this construction. It thus seemedlogical to

use it as the foundation for a brief presentation of graphic

language. This is the “Matrix Theory of Graphics.”

CONTENTS

1. DEFINITIONS

2. NATURAL PROPERTIES OF THE GRAPHIC IMAGE

The three dimensionsof the instantaneous image

The properties of the XY plane

The properties of Z

3. MATRIX THEORY OF GRAPHICS

Whatis the purposeof the graphic? Levels of perception

Three questions reveal ineffective constructions

Synopsis of graphic constructions

APPLICATIONS

4. DIAGRAMS

Double-permutation diagrams

Single-permutation diagrams

Non-permutation diagrams: Ordered tables. Collections of images

5. REORDERABLE NETWORKS

6.ORDERED NETWORKS,Cartography

7. REPRESENTATION OF QUANTITIESIN Z

8. SELECTIVITY

9. CONCEPTION OF THE DATA TABLE

10. POWER AND LIMITS OF GRAPHICS

SG refers to La Sémiologie Graphique (Paris: Ecole des Hautes Etudes, 1999 [1967]) Eng: Semiology of Graphics, trans.

William. J. Berg (Madison: University of Wisconsin Press, 1983)

GR refers to La Graphiqueet le traitement graphique de l’information (Paris: Flammarion, 1977). Eng: Graphics and

Graphic Information-Processing, trans. William J. Berg and Paul Scott (Berlin/New York: Walter de Gruyter, 1981)
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1. Definitions

Graphics utilizes the properties of the visual image to

bring out relationships of similarity and order amongthe

data. The graphic language covers the areas of diagrams,

networks, and maps.

Graphics applies to a predefined set, represented by

the data table, and thus constitutes the rational part of the

world of images in a basic classification of fundamental

sign-systems:
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It is therefore essential to avoid confusing GRAPHICS—

a research tool, which deals only with predefined sets

(the data table) and whose laws are natural, indisputable,

and learnable—from PICTOGRAPHY,figurative or non-

figurative, which on the contrary, seeks to define a set in

the reader’s mind. Pictographyis an art, which allowsfor a

certain freedom butis always debatable.

Graphics has two objectives:

1. Data processing to understand the data and derive infor-

mation from them. Take, for example, an engineer who

wants to optimize petroleum production: he or she compares

numerous figures and numerous characteristics by using

tables, maps, and algorithms, in order to determine the con-

ditions for optimal production—thatis, the information.

2. Communication of this information or an inventory of the

data, if applicable. Consider, for example, a reader looking

at a curve illustrating the price of butter. The engineer may

spend several weeks constructing his or her graphic (or

graphics); the reader several secondsreading the curve.

Information processing entails comprehensivity. Commu-

nication involves simplification.

The matrix theory of graphics is the direct application

of the fundamental property of human visual perception,

whichis its ability to understand and memorize the forms

within an image constituted by the XY dimensions of the

plane with a variation in the Z dimension. The matrix theory

takes into account:

— the correspondence betweenthe data table and the image.

— the level of perception (elementary or overall) required by

the intended objective

— the mobility or immobility of the image.

Three questions constitute the bases for this theory.

* Note: The written transcriptions of music, verbal language, and mathematics are

the visual forms of systems that are fundamentally oral and can’t avoid the linear

and temporal nature of these systems. The ear can hear an equation overthetele-

phone;it can’t hear a map.
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2. Natural properties of the graphic image

  

      

 

 

 

 

        

 
 

 

 

 

    

 
 
      

 

The three dimensions of the instantaneous
image
Within the plane (1) a mark can beat the top or the bottom,

to the right or the left. The eye perceives two independent

dimensions along X and Y, whichare distinguished orthog-

onally. A variation in light energy (2) produces a third

dimension in Z, which is independent of X andY.
 

 

The image (3), the meaningful form perceived instanta-

neously, has three independent dimensions X, Y, and Z.

It can thus display the relationships among three inde-

pendentsets.
 

 

 

 
 

 
      

|| -e—e—e-
| | sl

4 “Ill I|—e—-e—-e- 5

6 JAGECEBD 7
] -0--0-0-0-0-6

4 -@-6--6
5 0-0-0

3 0-0-3

9 10
ABCDE DABCE

1 1 1

2 2 3

3 3 4

4 4 5

5 5 2

Z

Y lf

11 X

420

 

The variation in light energy in Z, on a paper medium,is

produced by a variation in the Size or Value of the marks.

The size and value of marks, along with the XY dimensions

of the plane, are thus the visual variables of the image.

The properties of the XY plane

Points or lines: networks or matrices

A “datum” is a relationship between two elements. In the

illustrations here, the plane features points and lines. One

can thus represent the elements by points and the rela-
tionships by lines (4). This is a NETWORK. The X and Y

dimensions of the image are not meaningful. We canalso

represent the elements by lines and the relationships by
points (5). This is a MATRIX. The X and Y dimensions are

both meaningful.

Whereas the NETWORKis best for representing topo-

graphical order, it is highly limited in the representation

of reorderable variables: for example, can we perceive the

deviant relationship in image (6)? It appears immediately

in the matrix (7). The MATRIX,with its three independent

variables, provides a natural basis for rational reflection,

whichis enhancedby the universality of the “double-entry

table” and by various meansof reordering the data.

The fixed image and the transformable image

Consider the data table in figure (8), which involves the

presence of products A, B, C... in countries 1,2,3. In this

form orin its graphic equivalent (9), it resists analysis. Yet,

it is Just a matter of moving country 2 and product D to

uncover groups of similar elements (10) and reduce 25 basic

data elements to the 3 groupsthat characterize this dataset.

The internal transformation of the image, by permutation of

rows and columns,based on the universal principle of prox-

imity-similarity, defines the REORDERABLE MATRIX,

the basis for the matrix theory of graphics. The permuta-

tions are represented schematically in figure (11).

 



Principal planarfigures and their standard graphic

meanings
 

Expression of difference (+) and similarity (=)

1. pattern 2. proximity, links 3. tree

4. network 5. grid work
  

6. crossing, cutting, parallelism, axis

7. contact 8. Cartesian grid

9. polarization
 

Expression of areas of influence
attraction, repulsion, rays
 

 Expression of order (O)
horizontal movement, flow, hierarchy

 

Expression of quantifiable order—(Q)
distance, size, evolution    

       
The properties of Z
The eye is sensitive, along the Z dimension, to 6 indepen-

dent visual variables, which can be superimposed on the

planar figures: the size of the marks, their value, texture,

color, orientation, and shape. They can represent differ-

ences (¥), similarities (=), a quantified order (Q), or a
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in space. They come together in trompe-l’oeil drawings, western

perspective (a single point of view), exotic perspectives (2 to

nonquantified order (Q), and can express groups,hierarchies,

or vertical movements. But, with overall perception, each

variable possessesonly its specific properties, as described

in the table below. Only the plane possessesall of the per-

ceptual properties.
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4 points of view), and computerized perspective (3 D : n points

of view). But only the visual Z allows for the comparison and

classing of numerous images.
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3. Matrix theory of graphics

 

BELGIUM Whatis the purpose of the graphic?
6 6 2 5 3 LUXEMBOURG
 

Levels of questions, levels of perception

32 |}65) 5 |45 |}15 |GERMANY 
  

The main purpose of a graphic is to better understand

the data by transforming them. A map or a diagram Is a

document that 1s meant to be “questioned.” Table (1), for

37 |61 |69 |29 |59 |FRANCE
 

      
 

16|23]21|] 9 |147@ Y ITALY example, which gives meat production in percentagesforfive
countries, can generate questionsforall three dimensions:

9 |4 |3 |121 9 |NETHERLANDS —InX:a given meatis produced in which country?

— In Y: a given country produces which meat?

100 100 100 Ak 100 — In Z: the highest percentages occur where?
X And for each dimension, the questions range from the

elementary level to the overall level.
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Elementary questions: “How much pork is produced in

1 Italy?” is answered by the numberin the cell. That is an

elementary datum, the only one we can memorize since

we can’t absorb the entire set of elementary data, that is, in

this case, the 25 numbers in the table. But understanding

involves absorbing the entire dataset. To achieve that, the

data must be reduced to a small numberof groups of similar

elements. That’s the goal of information processing (or data
analysis) whether graphical or mathematical.

  
 

 

 
 

   

GERMANY The overall question: “What groups are formedby the data
in X and in Y?” 1s the essential question. The answer can

NETHERLANDS be found in figure (2), a reorderable matrix, where the rows

and columnsare permutedto reveal that the 25 numbers in

BELGIUM figure (1) can be reduced to 2 groups—A and B—that have
LUXEMBOURG ;

opposite structures.

Thatis the first piece of information.

ITALY ; Lo ; ;
Country C is an exception:it doesn’t belong to either group.

But in this case the exception is important, since in the polit-

ical framework of these data, C is equal to its partners and

thus has the deciding vote.

That is the second piece of information.

FRANCE These essential pieces of information are not visible in

figure (1) or in other types of constructions, such as those

in figure (3). This is, however, the information that must be

2 brought out. Mathematical or graphical processing must

thus precede any written commentary and determineits

direction. On the other hand, the publication of documents

like those in figure (3) shows that the writer didn’t grasp

what was important.

P
O
R
K

B
E
E
F  
 

Intermediate-level questions correspond to the multitude

of subsets that could be defined between the two extremes.

And whenthe overall question is answerable,all of the other

questions can be answered.
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Three questions reveal ineffective
constructions

Basesof the matrix theory:
By definition any graphic corresponds to a

double-entry table, whose cells can contain

binary (yes—no / 0-1) answers, ordinal numbers,

cardinal numbers, or question marks(?).

Such a table generates three types of questions:

for X, for Y, and for Z. For each type, the ques-
tions can run from the elementary level to the

overalllevel.

When questions on the latter level can be

answered, so can those on all the otherlevels.

Understanding entails discovering groups;

that is, attaining the overall level of percep-

tion. Accordingly, the main role of graphicsis to

produceanswersfor the following three questions:

 

  
 

 

1. What are the XYZ componentsof the table?

(Whatts it about?)

2. What groups in X and Y are formedby the Z

data? (Whatis the overall information?)

3. What are the exceptions?   
These three basic questionsare applicable to any

problem. They enable us to assess the useful-

ness of any graphic construct and of any graphic

innovation. They allow us to avoid ineffective

graphics and to detect the weaknesses of con-

structs like those in figure (3), which provide

no answersto the three basic questions! On the

other hand, the reorderable matrix, seen in

figures (2) and (4), provides answersto all three

questions.

Withits optimal application of the properties of

the image, the reorderable matrix gives concrete

form to a chain of logical operations: data-

matrix-groups-exceptions-discussion-decision-

action (or communication).

The reorderable matrix organizes the thought

process, provides a direction for automated pro-

cedures, and furnishesthe keyto a classification

of graphics and to the choice of a graphic con-

struction.It is the basic graphic construction.

3 Principle ineffective constructions
Muteillustrations, providing no answers to basic questions
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MATRIX THEORY OF GRAPHICS

Synopsis of graphic constructions

This synoptic table classifies graphic constructions

as a function of the elements of the data table. In

order to determine the most useful constructions,

one has to take into account

— the numberof characteristicsall

— their nature: ordered —(0) or reorderable (+)

— the presence of a geographic component

The relationships among characteristics produce

diagrams. Therelationships among objects produce

networks. But networks can also take the form of a

matrix (§ 5 ).

For data tables with three characteristics or fewer,

each characteristic occupies one dimension of the

image. The groups appeardirectly with no need for

permutation.

Through data analysis, one can construct a type of

tree diagram often called a “dendogram,” or a “fac-

torial cluster,” a form of scatter plot, to bring out the

distances between n objects or characteristics, but

they obscure the “why”: that is, the content of the

table.

* Whenthe slopes are meaningful.
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DATA TABLE

n CHARACTERISTICS

A|B/|C/D

 

 

NETWORKS
 

ORDERED REORDERABLE
Topographies Graphs,trees, flow
Cartography charts
Bluepirnts, anatomical

charts

Superimposition

comprehensiveor simplified, for

mapswith 1 characteristic
 

 
 

       
Collection of maps with
1 characteristic
 

DATA TABLE
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Double-permutation diagrams
Reorderable matrix

APPLICATIONS

4. Diagrams
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Single-permutation diagrams
image-file, array of curves

Whenone of the componentsofthe data table is ordered (by

time, for example), its transcription onto either of the X or Y

dimensions of the graphic eliminates one axis of permuta-

tion and thus simplifies the graphic processing. Two con-

structions are possible:

The Image-file (fichier-image)

This construction places an ordered component on X and

different reorderable components (+) on Y, which allowsfor

permuting the image successively, according to each of the

(~) components. Here, the quantities are represented on X.

Take, for example, the question of the homogeneity of a

set of 8 insects: To carry out the experiment, three compart-

ments are placed side by side—onelit, one shady, one dark.

The 8 insects are placed in a compartment and for each

insect we measure, every 5 minutes for an hour, the time

spent in that chamberor in a neighboring one. The experi-

mentis carried out 12 times, which producestable A.It is

a matter of discovering whether1) the results of the experi-

ments are comparable; 2) the insects form types; 3) the times

are homogeneous.

(1) uses an imagefile,

to place the quantities of time (Q) on X and on Y the 8

insects (#) multiplied by the 12 experiments (+).

(2) uses one image per experiment

to discover that the experiments form 2 groups: 5 and

11 differ from the majority and thus need to be studied
separately.

(3) uses one image per insect based on the order of the

experiments. Three groups appear: slow (A, B, C), indeci-

sive (C, D), rapid ( H, E,F).

(4) orders all the times, from the longest to the shortest.

Three steps appear: 10, 20, and 45 minutes. Many other

observations are possible (see GR, 75).

The Array of Curves (Eventail de courbes)
This construction places the (~) components and the quan-

tities (Q) on Y, which leads to difficulties in permutation,

superimposition, and especially scale. In the example in

figure (5), entitled “the strongest variations on the Paris

stock market,” the author implies that a progression from

1900 to 3300 is greater than a progression from 100 to 400!

The scale of progressions or logarithmic scale (6) allows for

correction of this error. The array thus uncovers the best

investments; and the classing is nearly opposite from that

conveyed by (5)!
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4 4 Non-permutation diagrams
Ordered tables, collections of images

 

     

 

  

  

Q SEEIIEIIEfer: A classic area of graphics, ordered tables make groups
eee appear directly, with no need for reordering the rows or
peactescessrescrssrescesaces columns,as in the following examples:

1 SIZES q
4 Data tables with one row produce “distributions”:

i c (1) gives the number of objects by size and displays, for
, *- } example, errors in manufacturing.

. Nort : (2) showsthe usefulness of a marketstudy (variation between
> e° ° Me mss the distribution of sizes manufactured and the distribution

O e r. Se ~~, of sizes desired by the intended clientele).

< ° e e° uw ptt Fd

> .© et 5 ‘s Data tables with 2 or 3 rows produce “scatter plots”:

Oo ° 3 Kel (3) reveals two typesofcities.
3 TRADE - 4. CONSUMPTION . (4) showsthe evolution of a correlation between two dates.      

(5) superimposesfive types of vegetation.

(6) showsthe succession of climates revealed by the succes-

sion of vegetation types, in a sample.

(7) establishes the succession and schedule of trains on a

railway line.

(8) shows the daily evolution of temperature in the

stratosphere.

  

As a collection of images

The ordered table constitutes a remarkable research tool

that can be applied to data tables with more than three rows.      

 

  

 

      
 

 

  

The identifiers inscribed on each image allow for numerous

k ATTTTT] permutations.
PSI, Siieshiripishahassss (9) evolution of literacy for men (H) and women (F). The

SUEPUEDEN identifiers are place (rural or urban), region, and profession.
ieihiriretinites: SSH Three types of evolution appearclearly here.

0 WWTHESES (10), (11) aging of the population (J=youth; A=adults;
6 / 5 SEDHEHH V=elderly). One imagepervillage, all periods superimposed,
< FESUH reveals nothing (10); one image per period, all villages

Ef a2SHEE superimposed, shows a marked evolution (11).

9 H Sm fu

ATIMES
I I I     

10 4 11 ps /

=<

V A \ a /f|

pervillage per period
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5. Reorderable networks

graphs, trees, and flow charts

These constructions transcribe onto the plane relationships

(or connections) between objects (or nodes).

Graphic processing can simplify the image in several

ways:

It can simplify the drawing(1).

It can reduce the number of meaningless intersections

(2). Graphic theory and the reorderable matrix are useful in
finding the bestsolution.

  

 

A
It can form meaningful groups(3). G AA AIA

BB plelolele
. , Cc E{ [elelele

It can hierarchize the image by assigning a meaning to D AMOOBOO
the X and Y axes of the plane (4). Order and disorder are F Cc . . © - . . >

powerful visual sensations, often utilized in pedagogical : A G cl c elc

applications. »

3

SYMBOLIC VISUALIZATION

OF INTER-INDUSTRY EXCHANGES we *~
BETWEEN 78 SECTORS

 

  

G5)

 M.J. Carpano—GAPSET
 

429



6. Ordered networks

topographies, maps, blueprints, anatomical charts

Table A (center page) represents the matrix form of geography. Here, the geographical elements (states) are on X and the

characteristics (products) on Y. To apply matrix theory, the three basic questions can again serve as guidelines.

Petroleum
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BRSAR ren NATURAL COAL TON SEED

‘ASH OLEUM GAS | LIME ND LINTER ; _ ;
NATURAL GAS PETROLEUM NAVAL STORES :pRYTES Single-attribute map
COTTON SEEDAND LinTens \COTTON SEEO AND LINTERS

. . . ene SULFUR NAVAL STORES PHOSPHATE 1 ?
Superimposition of n attributes URY NATURAL GAS ROCKNAVAL STORES SALT

SALT

 

 
graphic problem

Selective

Transparency

graphic problem
Representation of
Quantities in Z
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Collection of single-attribute maps
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The three basic questions in cartography
The first basic question—What are the XYZ dimensions?—

determinesthe title and the legend of the map.

To answer the other two questions—Whatare the groups?

What are the exceptions?—one must compare the character-

istics, discover similarities, identify regions; that is, answer

the questions pertaining to Y: a given characteristic,
Whereis it? (For example, where can petroleum be found?)

Figures (2) and (3) provide instantaneous answers, making

the groups appear, along with exceptions and potential

explanations. Figure (1) does not provide an answervisually.

To fulfill its function as a “precision inventory,’ based on

geographical identification, the map must also provide an

answer to the question pertaining to X: at a given place,

whatis there? (For example, What can be found in Florida?)

Figure (1) provides a complete answer (comprehensivity).

Figures (2) and (3) don’t provide any answersvisually.

To provide complete answers to all questions, one must

therefore use both figures(1) and (3). This problem is solved

if one abandons comprehensivity and uses a simplified map

such as figure (4), which superimposes a few chosen charac-

teristics and represents their distribution schematically.

To choose a graphic formula, therefore, one must define the
intended purposeandthe relevant question:

If it is “At a given place, what is there?” (as with topo-

graphical maps, blueprints, anatomical charts, etc.), then

geographyis the starting point for a detailed reading. The

solution is a map superimposingall of the characteristics (1);

the problem is oneof selectivity.

If it is “A given characteristic, where is it?” (as with

statistical inventories, determining geographical groupings,

correlations, exceptions,etc.), then the characteristic is the

starting point for an overall reading. The solution1s a collec-

tion of maps, one per characteristic (2) and (3); the problem

is one of representing the quantities in Z.

Are both types of questions relevant?

For cases like a geography course, a pedagogical drawing,

or a land plan, for example, both questionsare relevant. The

solution is a simplified map, often referred to as a “synthesis

map,” which is a superimposition of simplified characteris-

tics (4). The problemsinvolve:

— the choice of characteristics to be retained and the degree

of their simplification (how manycategoriesto be retained),

choices that are subjective.

— the choice of a data processing method: cartographic (5) or

matrix, mathematical or graphical(6).

— the choice of a selective graphic formula, a choice that

depends on the distribution of the elements, which must

thus be studied before determining the appropriate graphic

formula.

The simplified map ultimately raises the problem of

assessing the proposed reductions when the original data

have disappeared(7).

   
10 [20 |30 [40 |50 [60 |70
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7. Representation of quantities in Z

On the earth’s surface, a country’s population is a function,

among otherthings, of the extentof its boundaries. Likewise

in statistics, the average “height” of a population in an age

group depends on the boundaries that constitute each age

group (the “bin widths”). Thus the mean height would be

different if we chose finely gradated groups (age 1—2) versus

wider bounds (ages 0-10). To avoid erroneous representa-

tions, in cartographyasin Statistics, in addition to choosing

the finest gradations that are practical, it is necessary:

To place the groups being enumerated on a commonscale.

This is an operation that can be mathematical(calculating

ratios, densities, percentages, indices) or graphical (grids or

contour curves).

8. Selectivity

The notion of selectivity applies when characteristics are

superimposed,and its effectiveness can be measured byits

capacity for enabling the readerto disregard everythingelse.

At equal luminosity, selecting squares means disregarding

all the other shapes. This is impossible in figure (1), where

there is no selectivity among the shapes. At equal luminos-

ity, selecting the dark signs means disregarding the light

signs, which occurs instantaneously in figure (2). (Note

that selecting the light signs is also instantaneous.) The best

selectivity is obtained, in the following order, by:

A difference in intensity of size or value, if order is

meaningful.

A difference in implantation, which superimposes point,

line, and area symbols, leading to a transparent reading.
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To utilize a size variation with points (2) or areas(3).

This variable, coupled with the utilization of the natural

series of graduated sizesy (GR, 205-209), avoids the irre-

solvable problem of choosing steps and thus creating mis-

leading images (SG, 77 and 163), a problem compounded

by facile solutions (insufficient steps, a priori definitions,

screens that are too fine, too unstable, and thus confusing,

incomplete analysis of the purpose,etc.).

To determine the width of the categories.
In effect, this means representing quantities in Z amounts

after answering two questions:

1) the classic question: which imagebest represents the
widths defined by the numbersor the distribution curve?

2) the operational question: which width producesthe best
image, an image that omits islands, resembles another image,

covers a given area, underscores a break in the slopes,etc.?

The continuous, computerized adjustment of the width, a

frequent operation in remotesensing,is an effective solution.

Color, butits selectivity is a function of the size of the marks:

red and green can’t differentiate two pinheads, whereas the

eye can probably distinguish nearly a million tints on a wall.

The selectivity of color with small points or lines is thusly

limited.

Texture, for lines and areas(3 steps).

Orientation (4), with points, lines, or areas, if the texture

isn’t too fine.

Shape,with points, lines, or areas, has no selectivity for an

overall reading, but for elementary reading,it is the basis

for symbolism and symbolic analyses.
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9. Conception of the data table

“What type of data table should be constructed?” The matrix

analysis of a problem helps in answering this question; it
facilitates organization of a study in three successivesteps.

Step 1. Formulation of the problem through simple ques-
tions: identification of the list of characteristics and objects

that it would be useful and desirable to know (without con-

sideration of technical limits); and notation of their relation-

ships. This is the apportionmenttable.

Step 2. Conception of the ideal homogeneoustable con-
taining the greatest number of elements from the abovelist.

In other words, “What should be displayed on X so that the

greatest numberof characteristics can be displayed on Y?”

Then assessits usefulness in terms of means, time, andsize;

and study eventual reductions by aggregation, sampling, and

interpolation. This is the homogeneity table.

It is at this point that three main options appear: use X for

space (maps) or time (curves) or a specific componentlike

individuals, categories, objects, etc. The “length” of each

component, the number of modalities (for example, 2 sexes,
3 sectors of the work force, 12 months, 22 regions, 38 O00

communes,etc.), plays an essential role here.

Step 3. Verification of the pertinency of the table by

noting in the margins the correspondences determined by
the initial questions (GR, 245-249). This is the pertinency

table.

This study obviously precedes the processing itself, but

it can be fully undertaken without knowledge of the data

analyses, whether mathematical or graphical, and their

methods.

Schematization of graphic language
With graphic processing, the “sender” and the “receiver” of

the information are either the same person or two “actors”

asking the same basic questions. This situation thus lies

outside the schema of polysemic communication:

A) sender < > code < > receiver  

Instead, it’s a matter of monosemic communication:

B) actor < > three types of relationships (+) O,Q. 

These are relationships of similarity and order, which allow

for reduction of the data and are not subject to conventions

since they are conveyed by the same properties—similarity

and order—thatcharacterize the visual variables.

Schema (A) applies only when using verbal communica-

tion; that is, to answerthe first basic question orto identify a

shape in elementary reading.
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10. Powerandlimits of graphics

The three dimensionsof the image makevisual perception
our most powerful system of perception and makegraphics

an especially effective pedagogical tool, which enablesusto
concretize, from early education on, problems of informa-

tion, reasoning, and decision-making. Thanks to its poten-

tial for permutation, modern graphics materializes notions

that used to be abstract.

Graphics givesa visible form to the stages and methods of

a study, which facilitates organization of the work. It con-

cretizes the notion of data and highlights problems raised

in creating the initial table, problems of pure conception

that lie outside of computer usage and are defined by the

question, “What should be represented by X?”

Graphics gives a visible form to the notion of “data

analysis,” which is more accessible in its graphic incarna-

tion than in its mathematical one. Graphics underscores the

fact that a study is “scientific” only when its assertions are

confirmed by the rigorous processing of an explicit data

table. Without such processing, we are stuck on the level of

personal opinion.
Finally graphics gives a visible form to the notionsof dis-

cussion, reasoning, and understanding, notions that become

precise through the level of relevant questions.

But the image has only three dimensions. Theeffects of

this limit probably exceed our imagination, confined as we

are by this natural condition.

Mathematicalanalysis speaks of n dimensions.

But one notes that computer input listings form a single

XYZ table and, when it comesto assessingthe results of cal-

culations, we end up with an imagethatstill has only three

dimensions, the fourth one being time, which is precisely

whatshould be minimized.

This is why interdisciplinary studies will always be dif-
ficult, since X will always be reserved for space by the geog-

rapher, timeby the historian, individuals by the psychologist,

social categories by the sociologist, etc. How can there be

a “synthetic science” when each department, each institute,

each disciplineis itself defined by the XYZ componentsthat

characterizeits field of study? It is the absence of a fourth

dimension in the imagethat in fact prohibits the conception

of a synthetic science not divided into variousdisciplines.

This is also how one can demonstrate the limits of reason-

ing. Useful information processing can exist only within the

framework of a finite set: the data table. But there are an

infinite numberoffinite sets. Whatever ourefforts at rational

thinking, they will always be drowned in the infinite sea of

the irrational.

Jacques Bertin 2004







Index

Translator’s note
Because the text of Semiology

of Graphics is extensively cross-

referenced, only principal references

are given in the index.

Original French terms are given

after their English translations.

The Introduction, pages 2-13, also

constitutes an annotated table of

contents and glossary of terms.

Accuracy, cartographic (exactitude car-

tographique), 298

Angularlegibility (lisibilité angulaire),

178

Area, representation by (implantation

zonale), 44

Area-radius table-graph (abaque), 413

Arrangement(semis), 52, 271

Array of curves (éventail de courbes), 263
Arrow (fléche), 346

Associative variable (variable associa-

tive), 48, 65

Automation (automatisation), 377

Base map(fondde carte), 308

Block diagram (bloc-diagramme), 380

Cartogram (anamorphose géographique),

120, 285

Cartography, maps (cartographie, cartes),

51, 117, 285

Category (catégorie), 33

Chart-map (cartogramme), 119, 129, 285

Circles, pattern of (semis de cercles), 369

Circular construction (construction

circulaire), 55

Class (classe), 33

Classes of representation or implantation

(implantation), 44

Collection of maps (collection de cartes),

268

Collection of profiles (collection de

profiles), 244

Collection of tables (collection de tab-

leaux), 265

Color variation (variation de couleur), 85

Combination, meaningful (combinaison

significative), 189

Combination, redundant (combinaison

redondante), 187

Combination of variables (combinaison

de variables), 184

Communication, graphic (communication

graphique), 162

Comparison of orders (comparaison

d’ordres), 248

Component (composante), 16. See also

Ordered component; Qualitative compo-

nent; Quantitative component; Reorder-

able component

Comprehensivity (exhaustivité), 160

Computer (ordinateur), 377

Concentration curve (courbe de concen-

tration), 110, 205, 247

Construction, circular (construction

circulaire), 55

Construction, orthogonal (construction

orthogonale), 54

Construction, polar (construction polaire),

55

Construction, rectilinear or linear (con-

struction rectiligne ou linéaire), 54

Construction, special (construction par-

ticuliére), 172

Construction, standard (construction de

base), 172

Construction, triangular (construction

triangulaire), 232

Contingency table (tableau croisé), 223

Contour curve, isarithm (courbe dégalité,

isarithme), 385

Criticism (critique), 400

Curve (courbe), 210

Density, graphic (densité graphique), 175

Diagonalization of diagrams (diagonalli-

sation des diagrammes), 166, 168

Diagram (diagramme), 50, 103, 193

Diagram,triangular (diagrammetriangu-

laire), 232

Dissociative variable (variable dissocia-

tive), 48, 65

Distributions (distributions), 110, 205,

247

Domino equipment (jeu de dominos), 169

Efficiency (efficacité), 139, 146

Elementary level (niveau élémentaire),

153

Elevation (é/évation), 9, 60

Elevation, circular (élévation circulaire),

55

Elevation, rectilinear (é/évation recti-

ligne), 54

External identification (identification

externe), 19, 140, 287

Figuration (figuration), 144, 151

File, image- (fichier-image), 245, 258

File, matrix- (fichier-matrice), 263

Files and cards(fichiers et fiches), 218

Flow chart (organigramme), 269

Frequency(fréquence), 208, 357, 400

Fusion, color (diffusion de la couleur), 89

Generalization, cartographic (généralisa-

tion cartographique), 300

Generalization, conceptual(généralisa-

tion conceptuelle), 300, 302

Generalization, structural (generalisation

structurale), 300, 302, 305

Graphic information-processing(traite-

ment graphique de l’information), 164,

254, 397

Graphic or representation (graphique ou

dessin), 51

Groupsof representation or imposition

(imposition), 50

Histogram (histogramme), 210

Homogeneousseries (séries homogeénes),

26

Identification, external (identification

externe), 19, 140, 287

Identification, internal (identification

interne), 19, 24, 140, 298

Image (image), 139, 142, 151

Image-file (fichier-image), 245, 258

Implantation or classes of representation

(implantation), 44

Imposition or groups of representation

(imposition), 50, 148

Index (indice), 236

Information (information), 5, 16

Information, set of (ensemble informa-

tionnel), 32

Information processing (traitement de

l'information), 164, 254, 397

Intermediate level (niveau moyen), 153

Internal identification (identification

interne), 19, 24, 140, 298

Invariant (invariant), 5, 16

Inventory (inventaire), 160

Inventory maps(cartes d’inventatire), 391
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Inversion (désaccord), 249

Isarithm (isarithme), 385

Legend (/égende), 24

Legibility (lisibilité), 175

Length (longueur), 33

Level of organization (niveau

d’organisation), 34, 48, 64

Levels of questions (niveaux des ques-

tions), 141

Levels of reading (niveaux de lecture),

141, 151]

Line, representation by (implantation

linéaire), 44

Linear construction (construction liné-

aire), 54

Logarithmic scale (échelle logarith-

mique), 240

Maps(cartes), 51, 117, 285

Mathematics (mathématique), 2

Matrix; matrix constructions (matrice;

constructions matricielles), 230, 256

Matrix, reorderable (matrice ordonable),

256

Matrix-file (fichier-matrice), 263

Mean (moyenne), 208

Meaningful combination (combinaison

significative), 189

Medial (médiale), 208

Median (médiane), 208

Message (message), 162, 408

Migration, regional (migration régionale),

351

Mode (mode), 208

Monosemy (monosémie), 2

Movement, representation of (représenta-

tion du mouvement), 342

Natural series of graduated sizes (gamme

naturelle des tailles croissants), 369

Networks(réseaux), 50, 269

Neworpertinent correspondence(cor-

respondanceoriginale), 5, 16, 140

Numberof components (nombre de com-

posantes), 28

Ordered component (composante ordon-

née), 37, 67

Ordered variable (variable ordonnée), 48

Ordinal numbers (nombres ordinaux), 37

Orientation variation (variation

d'orientation), 93

Orthogonal construction (construction

orthogonale), 54

Overall level (niveau d’ensemble), 153

Pattern (semis), 369

Permutation equipment(permutateur),

169
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Permutations (permutations), 254

Perspective representation (représenta-

tion stéréographique), 132, 283, 378

Pertinent or new correspondence(cor-

respondanceoriginale), 5, 16, 140

Planar dimensions (dimensions du plan),

62

Plane (plan), 44

Point, representation by (implantation

ponctuelle), 44

Polar construction (construction polaire),

55

Polygon (polygone), 210

Polysemy (polysémie), 2

Processing (traitement), 164, 254, 397

Profile (profil), 244

Projections (projections en cartographie),

288

Qualitative component (composante

qualitative), 36

Quantitative component (composante

quantitative), 38, 69, 223

Quantitative variable (variable quantita-

tive), 48

Range (étendue), 33, 182

Ratio, critical (rapport critique), 300

Reading levels (niveaux de lecture), 141

Rectilinear construction (construction

rectiligne), 54

Reduction of the information (réduction

de l’information), 164

Regular pattern of graduated sizes (semis

régulier des tailles croissantes), 127,

137, 369

Relief, topographic (relief topographique),

380

Reorderable component (composante

ordonnable), 36

Reorderable matrix (matrice ordonnable),

256

Repartition (répartition), 110, 203, 246

Representation or graphic (dessin ou

graphique), 5\

Retinal legibility (lisibilité rétinienne),

180

Retinal variables (variables rétiniennes),

9, 60, 71

Rules of the graphic system (régles du

systéme graphique), 99, 190

Saturation, color (saturation de la

couleur), 85

Scale, logarithmic (échelle logarith-

mique), 240

Scale of maps(échelle des cartes), 296

Scatter plot (diagrammede corrélation),

254

Schemas, standard (schémasde base), 56,

172

Schemasof construction (schémas de

construction), 52, 56

Screens (trames), 330

Selective variable (variable sélective), 48,

67

Separation, angular (séparation angu-

laire), 175, 178

Separation,retinal (séparationrétinienne),

175, 180

Shapevariation (variation de forme), 95

Size variation (variation de taille), 71

Smoothing (lissage), 170

Special construction (construction par-

ticuliére), 172

Standard construction (construction de

base), 172

Standardseries (gamme normale), 357,

362, 370

Steps (paliers), 33

Symbolism (symbolique), 51, 90, 95

Table, contingency (tableau croisé), 223

Table, ordered (tableau ordonnée), 265

Table of levels and impositions (représen-

tation des niveaux et des impositions),

56

Tables of properties of the retinal

variables (tableau des propriétés des

variables rétiniennes), 97

Tables of the natural series (tables de la

gammenaturelle), 370

Texture variation (variation de grain), 11,

79

Timeseries (chronique, chronogramme),

212, 234

Title (titre), 19

Topographicrelief (relief topographique),

380

Transformation of networks (transfor-

mation des réseaux), 166, 271

Tree (arbre), 276

Triangular construction (construction

triangulatire), 232

Trichromatic analysis (analyse trichroma-

tique), 89

Types of construction (types de construc-

tion), 53

Types of imposition (types d’imposition),

52

Types of questions (types de questions),

14]

Values, summary (valeurs typiques), 208

Value variation (variation de valeur), 73

Variable, retinal (variable rétinienne), 9,

60, 71

Variable, visual (variable visuelle), 7, 42

Vibratory effect of texture (effet vibra-

toire du grain), 80

Visibility (visibilité), 65





Related titles from Esri Press

Cartographic ReliefPresentation

ISBN: 978-1-58948-026-1
PTETeMile

Within the discipline of cartography, few works are considered classics in the sense ofretain-

ing their interest, relevance, and inspiration with the passage of time. One such work is Eduard

Imhof’s masterpiece, Cartographic Relief Presentation. Originally published in German in

1965, this book illustrates the need for cartography to combineintellect and graphics in solving

map design problems. The range, detail, and scientific artistry of Imhof’s solutions are pre-

sented in an instructional context that puts this work in a class byitself. Esri Press has reissued

Imhof’s masterpiece as an affordable volume for mapping professionals, scholars, scientists,

students, and anyoneinterested in cartography.

 

The Look ofMaps: An Examination ofCartographic Design
ISBN: 978-1-58948-262-3

Originally published in 1952, The Look of Maps documents Arthur H. Robinson’s pivotal

observation that the discipline of cartography rests at the crossroads of science and art. Based

on his doctoral research, this book attempts to resolve the apparent disconnect by covering a
range of topics related to the visual characteristics of cartographic technique, includinglet-
tering, structure, and color. Robinson offers advice that even the modern cartographerfinds

relevant: adopt a “healthy questioning attitude” in order to improve and refine the graphic tech-

niques usedto present information visually through maps.A classic text, The Look ofMaps is

an essential componentto any cartographic library.

 

DesignedMaps: A Sourcebookfor GIS Users

ISBN: 978-1-58948-160-2

This companionto Cynthia Brewer’s highly successful Designing Better Maps offers a graphics-

intensive presentation of published maps, providing cartographic examples that GIS users can

adapt for their own needs. Each chapter characterizes a commondesign decision and includes

a demonstration map annotated with specific information needed to reproduce the design such

as text fonts; sizes and styles; line weights, colors, and patterns; marker symbol fonts, sizes,

and colors; and fill colors and patterns. Visual hierarchies and the purpose of each map are

considered with the audience in mind, drawing a clear connection between intent and design.

With a task index explaining what ArcGIS 9 tools to use for desired cartographic effects, this

book is an indispensable resource for all GIS users, from experienced cartographers to those

who make GIS mapsonly occasionally.

Esri Press publishes books aboutthe science, application, and technology of GIS. Ask

for these titles at your local bookstore or order by calling 1-800-447-9778. You can
also read book descriptions, read reviews, and shop online at www.esri.com/esripress.

Outside the United States, contact yourlocal Esri distributor.



In the absence ofadequate education

concerninggraphics, the powerofvisual

perceptionis still underappreciated.

New content from Bertin on the

POWER OF GRAPHICS:

“The three dimensions ofthe image make

visual perception our most powerful

system ofperception and make graphics

an especially effective pedagogicaltool,

which enables us to concretize, from early

education on, problemsofinformation,

reasoning, and decision making. Thanks

to its potential for permutation, modern

graphics materializes notions that used

to be abstract.

 

   
 

 oe
@
 Ba

        

 

“Graphicsgives a visible form to the stages

and methodsofa study, which facilitates

organization ofthe work. It concretizes

the notion ofdata and highlights

problemsraised in creating theinitial

table, problems ofpure conception that

lie outside ofcomputer usage and are

defined by the question, “What should be

represented by X?’

Information processing entails

comprehensivity. Communication involves

simplification.



“Graphicsgives a visible form to the

notion of‘data analysis, which is more

accessible in its graphic incarnation

than in its mathematical one. Graphics

underscoresthe fact that a study is

‘scientific’ only whenits assertions are

confirmedby the rigorous processing

of an explicit data table. Without such

processing, we are stuck on thelevel of

personalopinion.

“Finally graphics gives a visible form to

the notionsofdiscussion, reasoning,

and understanding, notionsthat

becomeprecise throughthelevel of

relevant questions.... [T]he function of

precise inventory, highly developed in

geographic information systems(GIS)...

assumesa role in the general structure of

graphics throughthe notionsoftypes of

questionsandlevels of reading.

“With hindsight, the principal

contribution ofGRAPHICSseems to me

to be in the realm ofreasoning, with the

precise and constructive visualization

of the different stages of a study, even

before that study is undertaken.”
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Category: Technology & Engineering/Cartography

 

JACQUES BERTIN

Semiology ofGraphics
diagrams - networks - maps

Originally published in French in 1967, Jacques Bertin’s Semiology ofGraphics is internationally recognized

as a foundational workin the fields of design and cartography. Fortified by his practical experience as a

cartographer, Bertin took on something no one before him had even attempted: the task of synthesizing

principles ofgraphic communication with the logic of standard rules applied to writing and topography.

Bertin brings theoryto life in this book with a close study ofgraphic techniques, using more than 1,000

maps and diagramstoillustrate shape, orientation, color, texture, volume, andsize. This cartographic

classic has continuously heldits place of significance. Now, with a new epilogue written by the author

shortly before his death, this new 2010 edition in English reawakensusto the information design

possibilities ofmodern technology.

Jacques Bertin was a French cartographer and theorist, and a world-renowned authority on the subject

ofinformation visualization. In 1954, he founded the Cartographic Laboratoryofthe Ecole Pratique

des Hautes Etudes, and in 1957 he was nameddirector of education. In 1967, Bertin became a professor

at the Sorbonne,and in 1974 he was appointed director of education and director of the Geographical

Laboratory ofthe Ecole des Hautes Etudes en Sciences Sociales. In the late 1970s, he became head of

research at the Centre National dela RechercheScientifique.

“Ofthe language systems we recognize, it is curious that one ofthe mostpowerfulfor information processing ©

and communicationis least understood. Now, with the long overduetranslation ofJacques Bertin’s Semiologie

Graphique,... wefind thefirst extensive treatmentofthegraphic system to appear in the English language.”

(Economic Geography, vol. 62, no. 1 (January 1986): 104-5)
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