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CHAPTER 1 
INTRODUCTION 

uman history is commonly understood to begin with the appearance of 

the first written document; anything that happened before the advent of 

writing is regarded as belonging to prehistory. And in western culture, 

the earliest systematic conventions for the format of graphic communication of 

words were developed in the Sumeric period, approximately 3,000 years BCE. 

But the intentional practice of marking stone, ivory, or bone with signs, figures 

and etchings had been cultivated for thousands of years before the appearance 

of written language. In fact, the very practice of writing derives from the earlier 

practice of drawing. According to the most accurate recent estimates (1), 

Paleolithic art dates back as far as the European cave etchings of 30,000 years 

ago. 

Thus, the history of drawing and of graphic notation began much earlier 

than the beginning of history proper. Graphics must have been indispensable 

tools for social and cultural evolution. They are tools for transmitting and 

communicating information, but they are also tools for preserving its content. 

Most likely, they were the earliest medium for information storage. Despite all 

the new technologies available to us, this medium shows no sign of having 

exhausted its value. 

WHAT THIS BOOK IS ABOUT 

For the average person, "drawing" is the manual skill of generating signs to 

represent what one sees. As it applies to such diverse products as the drawings 

of artists, engineers, and children, this notion is essentially correct, but it is also 

oversimplified. The world of graphics is a complex and articulated structure, 

founded on a set of rules and on mechanisms that we can identify and describe. 

But it has been given scarce speculative attention, perhaps because it often is 

considered to belong to those few individuals on which nature bestowed a 

gifted hand. 

1 will use the terms "drawing" and "graphic communication" to refer to any 

set of marks produced with any suitable instrument for the purpose of 

communication without words. As a method of communicating, drawings 
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are as essential as they are malleable. They come to us from their distant origins 

with the lively boldness of something that does not wear out, but rather is 

renewed through continued use. In the words of Descartes, the physical 

substrate of every graphic work is "a bit of ink scattered over a piece of paper," 

but this bit suffices to represent "forests, cities, men, and even battles and 

storms." (2) 

Whenever rich and diverse information is conveyed despite relatively poor 

sensory stimulation, we are forced to assume a high degree of synergy between 

cognitive activities and the properties of the stimulation that triggers them. This 

synergy presupposes a high degree of mutuality between the range of variation 

in the medium, on one hand, and the repertoire of responses that are specific to 

human cognition and especially to our perceptual processes, on the other. Given 

that drawing is a domain in which stimulation and percepts are tightly 

intertwined, the psychology of perception is the natural scientific framework for 

those who want to understand drawings. The converse is also true, however. 

Drawings rely, for efficient and strong communication, on the activity of our 

perceptual system. Therefore, drawings are also a crucial domain for those who 

want to understand perception. It is probably no accident that an overwhelming 

majority of the demonstrations and the experimental materials that are used to 

test theories of perception use drawings as experimental displays. 

Every endeavor of the human mind, including the most abstract ones such 

as poetry and philosophy, has made use of drawings to bridge the gaps created 

by the limitations of the spoken word. This has been true in every culture 

throughout time. But, in spite of its vast and ubiquitous use, the fundamental 

perceptual and cognitive processes that form the basis of graphic 

communication have never been studied in a systematic way. We have 

contented ourselves with lists of rules to be followed for efficient commu-

nication, overlooking the perceptual and cognitive processes that constrain 

them. Because we can readily interpret them, drawings seem unproblematic. 

Because they show what we see, they appear faithful. Because they make us see 

what the person who drew them intended to show us, we consider them reliable. 

And because we use them all the time, we regard them as tools. Precisely for 

this reason, I have been asking: How should we use drawings? But we should 

not forget the fundamental question: Why do drawings work? 

This book explores drawing as the interaction of knowledge and 

communication—a domain close to each of us and the products of which we all 

use, yet one poorly understood and largely unexplored. Several practical 

handbooks and many treatises on drawing have been published. They explain 

such things as the geometry involved in representing space and light, or the 

tricks that may be used to make a drawing more effective or more deceptive. 

Other books describe the procedures needed to adapt a drawing for diverse 

purposes, such as planning, design, illustration, geometric reasoning, caricature, 

schemes, diagrams, signals, and so on. But very few books have considered any 

aspect of drawing from the point of view of its communicative aim in relation 

to perceptive-cognitive processes. 

DRAWING: A TENTATIVE TAXONOMY 

 

Drawing was already functionally perfect at its first appearance in our culture, 

and this is so true that its basic components have not changed for thousands of 

years, despite their many recombinations and restructurings 
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to allow for increasingly vast and diverse uses. An outline of some of the more 

important of these uses is presented in Figure 1.1. The selection includes those 

scientific and cultural endeavors that have found support and efficient 

communication in graphics. Although I make no pretense of having created an 

exhaustive taxonomy, I believe that this outline will help us form a synthetic 

image of all the connections between the disciplines that have used drawings in 

a systematic way. My aim is to illustrate the diverse uses of drawing in human 

communication in different epochs and for many different purposes. My effort 

is endless, however, because the development of drawing has not been one of 

gradual progress. Some applications are still active and changing. Others are 

dormant, perhaps to reemerge at a later time. 

The scheme underlying Figure 1.1 stems from the assumption that all 

possible images can divided into two large classes: representational images and 

abstract images. The distinction defines a polarity, but the two poles are not 

wholly incompatible. Sometimes the distinction tends to melt away, generating 

images that are both representational and not representational in certain 

proportions. 

Figure 1.1 represents this continuum by means of the long horizontal lines. 

All the additional connections to the numbered nodes originate from these 

lines. Each numbered node defines a set of graphic productions that are 

sufficiently well-defined in function and therefore follow relatively fixed rules 

of construction (although drafters may not always follow these rules 

consciously). The left-right direction loosely corresponds to time and it shows 

how different graphics techniques originated from different needs at different 

times for specific purposes. The two lines define a central region 

1.1.    A tree diagram of 
graphic productions. 
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containing those graphic techniques that are part figurative and part abstract. On 

the upper line are those techniques that originated from the figurative kind; on 

the lower line, those that originated from the abstract kind. Nodes and segments 

in the figure are positioned according to the following rules. First, no node 

should lie directly on one of the horizontal lines. Instead, I have chosen to 

connect them with the lines by means of additional segments. By this, I want to 

emphasize that nodes are specific, singular deviations from the general of the 

figurative or the abstract. Second, each node has either one or two connecting 

segments, and no more than two. One segment specifies the origin of the node. 

The other, if applicable, shows its derivations. Third, connections between 

nodes may be either direct or indirect. An example of a direct connection is that 

between nodes 12 and 13, showing how technical drawings directly derived 

from pretechnological ones. An example of an indirect connection is that 

between nodes 12, 13 and 14, showing how technical drawings originated from 

the combination of pretechnological drawings and projective geometry. 

Node numbers and labels in Figure 1.1 identify different kinds of graphic 

productions. In what follows, a brief description is provided for each node in the 

diagram. For the kinds of graphic productions that are presented in the next 

chapters, I have given only a cursory description. Other kinds not explicitly 

studied in this book are discussed in greater detail. Finally, a number of other 

kinds are not included. I have chosen to disregard those uses that have 

flourished at some point of history, but that have now fallen into disuse, because 

they have been substituted with other kinds of production with similar 

functions. Instances include the coats of arms of the nobility or of the medieval 

guilds, now substituted by corporate logos and brand names, or the esoteric 

symbols of magicians, astrologists, and alchemists, which we can consider as 

precursors of modern scientific notation or of other technological applications, 

such as flux diagrams in computer programming or wiring diagrams in 

electronics. Another example are the graphic productions studied by 

iconologists such as the imprese of the 16th century, which aimed at conveying 

moral and propitiatory contents or sometimes religious principles and 

philosophies (3). 

Technically, Figure 1.1 may be considered a tree diagram, but perhaps a 

better way to think about it is in terms of a river branching out in different 

directions. Different branches can meet, they can dissipate, or they can originate 

other branches. Some branches are still flowing toward the future. Although the 

points of origin for each branch are only approximately consistent with the 

chronology of events, the river metaphor seems to go well with a view of 

science as a wanderer, of an enterprise rigorous and yet not obsessed with 

precision. In this view, the object of scientific interest is continuously subject to 

transformation, deformation, expansion, or reduction. Thus, the flow of 

knowledge is sometimes fast and vigorous, sometimes lazy and stagnant. 

Springs die out, and then they reappear. The flow bends, changing direction, 

and then bends back. And the final outlets move continuously outward into the 

sea. But the two main threads of the scheme, corresponding to representational 

and to abstract-geometric drawing, will remain forever active. Art, as research 

in the realm of pure esthetics, is the soul that keeps alive and continuously 

refreshes the source of all drawing productions. 
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Node 1 

Homo sapiens appeared in Europe in approximately 40,000 BCE. The dotted 

line signifies that scanty and uncertain material is available regarding graphic 

productions of that period. Early representational drawings appeared around 

30,000 BCE, mostly depicting animals. Interestingly, naturalistic representations 

branch off from "abstract" representations from the start. The co-existence, of 

naturalistic and abstract images crucial for our analysis, appears to be typical of 

primitive art in all its varieties. Nougier (4) correctly pointed out that abstract 

drawings are continuously present in the prehistoric esthetic world, in parallel 

with the spread of naturalistic depiction. A case in point is the peculiar history 

of one of the most classical decorative patterns, the "most beautiful and 

elaborate of all decorative motifs, the rectangular spiral  already found on 

jewel-bracelets from Metsin, Ukraine, 25 millennia ago" (5). The rectangular 

spiral presumably originated from X- or diamond-shaped geometric 

decorations, and it was rediscovered or reinvented at least two other times: the 

first time in Greece and the second in Mexico by the pre-Colombian artists of 

Mitla. The bifurcation at node 1 marks the initial separation of representational 

drawings from abstract-geometric drawings. Representational images from the 

prehistoric period are admirable for their realism as much as for their 

expressive power. Our appreciation for them is fully justified from the 

standpoint of esthetics. From the standpoint of the cognitive processes 

involved, abstract and geometric representations are no less interesting. They 

are a testimony of an early attempt to comprehend how we see forms, devoid of 

concerns about mimicking reality and aimed instead at controlling the 

appearance of surfaces and space. 

Node 2 

In Node 2, I place the source of the representational thread, striving to repro-

duce what one sees. This thread begins with simple reproductions of animals 

and human beings, and it gradually expands to include reproductions of just 

about anything. This is the ground of veridicality, for a long time considered as 

the final goal, both theoretical and empirical, of every representation. 

Node 3 

Node 3 is the origin of the trend toward pictures that cannot be related to 

known objects. Here we find patterns composed with simple, mostly geometric 

forms. These forms are often repeated until they fill a surface, and they tend to 

possess regularities and symmetries that make them perceptually salient. The 

production of this kind of drawings is quite widespread. A prerogative of both 

the least and the most educated, it is found in all cultures and at all times. 

Often, this production has been considered a form of popular art. As Gombrich 

(6) has convincingly argued, this form of art contains a wealth of rich and 

interesting works. 

Such figures provide some of the best and more convincing evidence of the 

generalized functioning of the primary perceptive processes. The same 

procedures were followed in the distant past and in remote lands, but only 

recently have the geometric rules been defined (7). These rules are at the 'basis 

of each symmetric grouping by means of the repetition of a single figural form 

and include translation, rotation, reflection, and glide reflection. In other words, 

the same element is repeated in different positions, is 
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1.2.   The four possible 
kinds of symmetric 
grouping: translation, 
rotation, reflection, and 
glide reflection. 

TRANSLATION 

 
ROTATION 

REFLECTION 

GLIDE 
REFLECTION 

 

rotated according to a certain angle, is specularly reflected, and is reflected and 

repeated (Figure 1.2). 

Node 4 

Those works belonging to a thread that aims at veridical representations of 

reality are called illustrative here. Whether they pertain to actual or to imagined 

realities is not important. What matters is that these works are produced so that 

they appear as reproductions of things that can be observed. Critical to achieve 

this result is the manipulation of those pictorial cues (see Figure 1.3) (8), which 

make the depiction appear as a reproduction of something that has been seen. 

An angel, a mermaid, a centaur, St. George's dragon, the austere lady "Justice" 

with a scale in one hand and a sword in the other all belong to this thread, 

provided that they are depicted in a realistic fashion. Works found in this kind 

of production form a huge set of all representational art, from the bison figures 

in the Altamura caves to the 

1.3.   Pictorial cues of 
depth. From the top left 
to the bottom right 
corner: overlapping, 
relative size, aerial 
perspective, shadows, 
and texture. 
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virtual reality displays of today. Students of perception have been traditionally 

interested in this type of images and have a name for the sub discipline that 

investigates the perception of images of this kind: picture perception (9). 

Node 5 

Two terms, pictography and ideography, traditionally refer to pictures that are 

used as signs, that is, as precursors of writing proper. The widespread usage of 

these terms has been criticized (10), but I will use them here for one reason. In 

the general organization of the present discussion, they are useful to remind us 

of the complex process that started with the representation of objects and 

eventually lead to the invention of writing. Gelb argued that images form the 

basis of all writing systems, not only because all primitive systems used 

pictures as their characters, but also because the great Eastern writing systems 

(Sumeric, Egyptian, Ittite, Chinese) were originally ideographic (11). Thus, the 

development of pictography into systems for writing language is the first and 

most important sub item found in this thread. Elkins (12) underlines two 

important aspects related to the relationships among pictography, ideography 

and writing. The first concerns the actual difficulty of distinguishing between 

pictography and ideography. The second concerns the submission and 

repression that each form of writing has exerted on images, with the intent of 

weakening their importance. In the diagram, I have marked it as subnode 5 a. In 

addition, I have identified other three pictographic systems. 

Subnode 5b. Musical notation is a system developed for writing out music in 

western culture. It uses special symbols to be arranged on a two-dimensional 

space made of five lines with fours spaces in between, allowing for the 

representation of pitch chroma, pitch height, and note duration. Although 

musical notation is not a direct derivation of writing systems, there is little 

doubt that writing systems provided the conceptual framework for its 

development. Just as in systems for writing out language, musical notation rests 

on the assumption that one can establish a relation between graphic signs and 

various events, so that the graphics can be stored and later used to retrieve the 

events or their mode of production. Language unfolds along a single dimension 

(time) and it uses a finite number of sounds (the phonemes), generating words 

by combining them. Thus, writing systems can map the temporal sequence of 

phonemes in a natural way by placing conventional signs in a one-dimensional 

sequence on paper. 

Accents and punctuation provide additional sources of variation, but these 

are limited to schematic indications concerning prosody and pronounciation. 

Music also unfolds in time, but in addition musical discourse is structured along 

the pitch dimension, in its cyclical sequence of note chromas at different 

heights. Thus, musical notation must be able to convey variation in two 

dimensions, duration and pitch, and it does so by exploiting the two dimensions 

of the writable sheet: height and width. Different pitches are identified by 

positions along the vertical dimension, marked by the five lines and the spaces 

between the lines. Duration is represented with graphic features of the notes, 

and sequencing is represented with position along the horizontal dimension. 

Other musical dimensions, such as timbre, tempo, and loudness, can be added 

as verbal instructions or through additional symbols. The resulting compromise 

is sufficient to provide a summary of the defining characteristics of 

performance. 
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Subnode 5c. Uncompletable notation is my label for all attempts at developing 

graphic systems to represent complex events, such as movements of the human 

body. An interesting example are the attempts at systems for writing out 

choreography (13). In my opinion, these systems are always incomplete because 

the limited degrees of freedom afforded by graphics are insufficient to represent 

the degree of complexity present in a dance performance. Consider the variety 

of movements that even a single dancer can perform. Obviously, the number of 

dimensions needed to represent the complexity of the event is too great for a 

graphic notation system, which must work within the constraints of the two-

dimensional sheet of paper. Thus, dance notation systems tend to be overly 

complicated, as one can verify by browsing books such as the Human Body 

Movements Alphabet (14). And, most important, they invariably tend to be very 

approximate and eventually inadequate to provide a full description of the 

choreographic event. 

Up until now, the standard method used to graphically represent movement 

of the human body is called Labanotation (15). Similar to musical notation, this 

method uses a staff, which is made up of three vertical lines read from bottom 

to top. Movements of the left side of the body are written on the left portion of 

the staff; those of the right side of the body are written at the right. In each 

column, symbols indicating the direction a body part should move are recorded. 

The length of time it takes to complete a movement is indicated by the length of 

the symbol. For example, Figure 1.4 demonstrates the shifting of a dancer's 

weight from an upright position, standing on both feet, to a position balanced 

only on the right knee. A written language used to describe movement of the 

human body must be as simple as possible, yet complex enough to suit its 

purpose. Even Labanotation has been unable to completely satisfy the difficult 

task of transcribing the infinite number of possible movements that the human 

body can make in space and time. 

Subnode 5d. Calligraphy is the design and production of esthetically pleasing 

language-related characters, that is, of graphic signs that map spoken phonemes. 

We all know that various cultures have different ways of writing characters. 

That there is no such thing as "the" writing system (the clearest, the most 

economic graphic solution) is certainly not economic. Nonetheless, writing is a 

domain of continuous invention and continuous revision, and this happens both 

to manual writing (calligraphy) and to mechanical writing (printed fonts). But 

why do we have so many writing systems? The avail-ability of different graphic 

solutions for writing language provides another source of variation for written 

text, one that goes beyond mere content and readability. It is as if there was an 

additional constraint on communication, requiring that all levels of a message 

(from its physical makeup to its cognitive implications) be subjected to a degree 

of formal control, hence the need for design and revision of writing styles, 

fonts, and so on. The fundamental mechanism underlying such a constraint is 

far from clear. It may be due to 

1.4.   An example of 
Labanotation. 
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a need to control the emotional side of perceptual and cognitive processing. But 

whatever its explanation, this is certainly a significant constraint that requires 

explanation, even if one accepts Elkins' theory 

pictures are domesticated and repressed in all scripts. In the common reception, that 

repression is so successful that it scarcely needs mentioning; hence, the paucity of 

texts on the pictorial affinities of writing. But in fact, the repression is universally 

unsuccessful, and pictures find their way into all writing. (16) 

Subnode 5e. Finally, comics are a unique medium, combining written language 

and representational drawings to generate a narrative. As we will see in chapter 

8, the technique is less than a century old, and it probably owes much to the 

invention of cinema and to the so-called chronophotography of Maray and 

Muybridge (17). Although they were created as a sort of lower level literary 

product, comics have became increasingly more sophisticated and creative. A 

lively description of the development of comics and of their narrative 

techniques can be found in a book by Scott McGoud (18). This book may be 

viewed as an example of "meta-comics": the author created a comic book to 

present the technical and cognive issues involved in making comic books 

(Figure 1.5). 

Node 6 

The first offspring of the abstract-geometric thread is geometry proper. The 

etymology of the term "earth measurement" is presumably connected to the 

need of ancient Egyptians to redefine land properties after each flood of the 

Nile. But geometry quickly developed into a way to manipulate basic, abstract 

forms and spaces. Many thinkers worked at the development of geometry in 

this sense, probably because they were attracted by the possibility of 

establishing correspondence with actual space, but also for the sheer beauty of 

internal consistency and perhaps even because it seemed a form of magic. 

Euclid summarized and synthesized all these contributions. He conceptualized 

the elementary graphic elements, lines, and points as the concrete 

representation of pure logical abstractions. As such, these representations are 

necessarily approximate. Yet once the properties of these primitive entities 

were established, it became possible to demonstrate a world of different 

theorems. Euclid's geometry is modeled after the order that Aristotle deemed 

necessary for any science. He moved from first principles (definitions, axioms, 

and postulates) and proceeded through rigorous deduction: 

As the mathematician investigates abstractions (for before beginning his 

investigation he strips off all the sensible qualities, e.g. weight and lightness, hardness 

and its contrary, and also heat and cold and the other sensible contrarieties, and 

leaves only the quantitative and continuous, sometimes in one, sometimes in two, 

sometimes in three dimensions, and the attributes of these qua quantitative and 

continuous, and does not consider them in any other respect, and examines the 

relative positions of some and the attributes of these, and the commensurabilities and 

incommensurabilities of others, and the ratios of others (19) 

Aristotle, Metaphysics, XI, 1061 a 29 (translated by W.D. Ross, The Works of 

Aristotle, Oxford 1963) 

Geometric operations in space presuppose a spatial continuum possessing 

specific properties and obeying specific rules. A general theory of space 
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1.5.   The first page of 
Understanding Comics 
by Scott McCloud, a 
book about comics told 
by through comics 
(Reprinted from 
artwork © Kitchen Sink 
Press, Inc., 
Northampton, MA.). 

cannot be found in Euclid; nevertheless, the characteristics of space are directly 

derived from the operations that space itself enables to perform. 

When Euclid stated that "a point possesses no parts nor extensions" and 

that "a line is such that it lies straight and tense relative to all the points that 

belong to it" (20), he provided the conceptual foundation that made graphic 

marks an apt tool for visualizing thoughts about entities that are not concrete or 

visible. He established that visible points and lines, being both material objects 

and immaterial concepts, could be used as tools for visually reasoning about 

quantity and continuity. A surface is a visual analog of abstract space. Drawing 

lines and points on a surface can make spatial 
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1,6. The sum of the 
angles of a triangle is 
always equal to 180°. 

relations explicit. This in turn allows for precise judgments on quantity without 

measurement, which is always and unavoidably approximate. By understanding 

the equality and relationship between angles formed by a straight line crossing 

two parallel lines, a logical principle can be established that remains valid for 

any pair of parallel lines and for any line crossing them. This logical principle 

forms the basis for extending principles from one demonstration to another. For 

instance, the parallel lines theorem can demonstrate that the sum of the inner 

angles of a triangle is always equal to 180° (Figure 1.6). The set of theorems 

describing relationships between angles formed the foundation of our concept 

of physical space which, for more than 2,000 years, has remained the only 

space deemed possible, despite mounting evidence to the contrary. 

Node 7 

The study of optics derived from geometry, and it became a bridge toward 

quantification in all sciences that deal with vision. It was again Euclid who first 

understood that light propagates in a straight line, thereby founding geometric 

optics. The line—for Euclid, a length without a width—becomes the model for 

the path of the elementary component in the theory of light, the luminous ray. 

Node 8 

The practice of cartography also derived from geometry, and it eventually 

overlapped with optics in geographic and topographic applications. The 

practice is connected in an interesting way with a wholly new way of thinking 

about the problem of knowledge. The first known use of cartography occurred 

in Miletus, an active cultural center of the Hellenistic world, between the sixth 

and the fifth centuries BCE. Philosopher Taletes was instrumental in 

transforming narration from a description of myth or legend to an istorìa, a 

report of facts gathered by autopsìa, direct experience during 
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the observation of nature. His disciple Anaximander wrote the first known 

treatise on geography, and he illustrated it with a geographic map. According to 

Diogenes Laertius, this map was the first drawing of the perimeter of the Earth. 

Drawing a geographic map meant that Anaximander was able to co-ordinate 

geometric concepts with direct observation of nature. In addition, and most 

interesting for our purposes, it meant he recognized that graphics could be a 

medium for registering and transmitting rational knowledge, that they could 

accompany the written word and actually enhance its communicative power. 

Our visual environment is rich in shapes and contours. There is a complex and 

continuous edge that separates the Earth from the sea, and the Earth or sea from 

the sky. There are the steep, sharp edges of cliffs and canyons and the curved, 

smooth edges of rivers flowing. Recognizing that these edges, borders, and 

contours could be rendered on a surface using graphic signs was a remarkable 

achievement. Thus, Anaximander's ability to create a geographic map means he 

had discovered rules of correspondence between properties of his environment 

and of graphic signs on a drawing surface. 

Node 9 

Yet another result of the representational thread concerns the discovery, or 

rediscovery, (21) of perspective. Perspective can be considered a set of rules, 

procedures, and tricks followed to achieve a convincing and compelling 

representation of three-dimensional objects on a two-dimensional drawing 

surface. Perspective is a topic of special importance in any investigation of 

visual communication, and its implications will be discussed in several places 

throughout this volume. 

Node 10 

Projective geometry originated in France in the 17th century, from the work of a 

group of philosophers and mathematicians: Bosse, Niceron, above all others 

Desargues. Projective geometry represents the formalization of linear 

perspective, a technique that had already been used by the artists of the Italian 

Renaissance for two centuries. Desargues investigated projective functions 

quantitatively, and formulated the notion of pointwise involution, which he used 

to define an invariant relation between points on a line and their projection on 

another line. Although mathematicians have largely lost interest in projective 

geometry, the discipline remains a source of important issues for students of 

perception (22). The problem of perceptual invariants, which is discussed in the 

next chapter, is one of the issues that makes projective geometry relevant to the 

study of visual perception. 

Node 11 

Node 11 are a set of graphic methods, such as graphs and diagrams, that can 

vigorously synthesize data into configurations that are easy to interpret and 

understand. They are used to illustrate the results of analyses and statistical 

data. They are built according to rules of correspondence among data and 

marks, just like grammar rules. (23) 

Descartes played an important role in promoting the use of diagrams in 

analytical geometry, his own integration between two domains of mathematics 

that were previously considered as independent: algebra and geometry. Yet 

many of the concepts that formed the new basis of science in the modern ages 

had important precursors in the Hellenistic culture. In fact, the first 
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person to introduce orthogonal coordinate systems in geometric diagrams was 

Apollonius of Perga, between the 3rd and 2nd centuries BCE. Diagrams will be 

discussed at length in this book. For now, it will suffice to remind the reader of 

two fundamental features. The first is economy of representation. Diagrams 

provide an extremely efficient method of visualizing the relationship between 

two continuous variables, that is, to represent how one changes as a function of 

the other (24). An example is the temporal unfolding of an event. The second 

feature is the immediacy of representation. In a diagram, it is possible to 

visualize immediately the behavior of phenomena that would require many 

words to explain, and the verbal explanation would almost certainly be less 

precise than the diagram. Economy and immediacy derive from the consistency 

of the data to be represented with the degrees of freedom of the representational 

medium, the two-dimensional drawing surface. Once each variable is 

associated with one of the orthogonal dimensions, each point of the plane 

becomes the manifestation of a single, immediately comprehendible 

relationship between the two variables. 

Node 12 

I call pretechnological drawing the set of graphic representations that are used 

to illustrate objects made by humans, such as machinery, instrumentation, or 

buildings. These are conceived by the draftsman, but not necessarily 

constructed or even constructible. They are typically used to accomplish some 

kind of practical task, such as raising waters, telling time, moving weights, 

destroying structures, grinding grain, or automating machinery. Architects 

traditionally make use of pretechnological drawing for two purposes: surveying 

and designing. Pretechnological imaging aims at providing a general sense of 

the illustrated device. It provides a portrait that is both comprehensive and 

approximate at the same time. It represents the device in space but does not 

specify its components, dimensions, or modes of construction and assembly. 

These aspects are the role of technical drawing, see node 13. Figure 1.7 

displays three examples of pretechnological graphics. The examples span three 

centuries, from Villard de Honnecourt (beginning of the 13th century), to 

Taccola (1381-1453), and finally to Ramelli (1531-1590). Note that the realism 

of the representation of the whole scene progresses with time, whereas the 

degree of attention for technical aspects does not. For instance, in all three 

drawings, there are no measures or details about how the parts should be 

assembled. 

Graphics were vital to the transmission of technology from ancient cultures 

to Renaissance society. Although technology had reached a high degree of 

development, especially during the 4th century BCE: 

the Renaissance intellectuals were not really able to understand Hellenistic science, 

but they were attracted to specific achievements, particularly instruments or 

techniques that were illustrated by drawings. Among these were anatomic 

dissections, artistic perspective, gear systems, pneumatic machines, bronze fusion 

for large statues, war machines, hydraulics, automated machinery, psychological 

portraiture, and the construction of musical instruments. (25) 

Thus, at the beginning of the modern age, drawings represented one of the 

most important connections between the ancient technologies of the Hellenistic 

period and the new, thriving technology of the Renaissance. The great artists-

technologists-scientists of the period, such as Leonardo Da 
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1.7.   Three examples 
of pretechnological 
drawings. From left to 
right: a hydraulic saw, 
from the Carnet of 
Villard de Honnecourt 
(18th century) 
(Bibliothèque Nationale 
de France, Paris); a 
water pump designed by 
Taccola (Jacopo 
Mariano, 15th century); 
and a water pump 
machine by Ramelli 
(16th century) (© 
Biblioteca 
IJniversitaria 
de'Padova-Italy). 

Vinci, Francesco di Giorgio Martini, or Albrecht Durer, created great interest in 

complex mechanisms, showing how they could be constructed even before 

science reached a full understanding of how they worked. 

Node 13 

Pretechnological drawing becomes operative drawing once a practical com-

ponent is added. The drawing thus provides not only a representation of the 

device, but also information necessary for construction and assembly. To 

achieve this goal, the device is typically dissected, and its parts are presented 

separately but in the appropriate spatial relations, as shown in Figure 1.8. For 

each part, precise information is provided concerning dimensions and 
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1.8.   Technical 

specifications for the 

rear part of an old iron 

steamboat (right) and 

for a marine Diesel 

engine (left). 

three-dimensional shape. Efficient technical drawings require the computation 

of appropriate projections and a sophisticated organization of the selected 

viewpoints, so that the proper assembly sequence is respected and the 

connections between the parts can be understood. The transition from 

pretechnological to technical drawing in projective geometry will be the dis-

cussed in chapters 4 and 5. 

Node 14 

The basic rules of technical drawing derive from the theory of descriptive 

geometry. This method is often used to provide a rational representation of a 

solid object. It was developed when traditional pretechnological drawing, 

which were the basis of all illustrations in the Encyclopèdie, met the genius of 

Gaspard Monge in the revolutionary climate of the 3rd year of the Republique 

(26). 

Node 15 

The purpose of anatomic drawing is to visualize different parts of the bodies of 

living beings, usually with the explicit intent of providing functional 

descriptions. Instances of anatomic tables are innumerable. The drawing 

technique is, in fact, still pretechnological, for the purpose of anatomic drawing 

is not the assembly of a body, but simply its visual description. Nonetheless, 

anatomic drawings are still used today despite the availability of techniques that 

are much more faithful and precise, such as photography and computerized 

imaging. The reason is that drawing provides a natural way to emphasize the 

feature under discussion while rendering others less 
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1.9.   A set of 
well-known illusions. In 
each pair of figures of 
the same kind, the 
members of the pair are 
congruent in the 
geometric sense. Yet, 
they appear different. 
a: The two central 
circles have equal sizes 
b: The two fans are 
identical 
c: The diagonals of the 
two parallelograms have 
equal length 
d: The dot divides the 
arrow in two identical 
parts 
e: The top circles are the 
same number as the 
bottom circles, but the 
top set appears more 
numerous 
f: The diagonal of the 
diamond is as long as 
the horizontal external 
segment 

1.10.    The Kanisza's 
triangle. 

 

prominent. Drawing establishes a natural hierarchy based on the com-

municative intentions of the image's creator. 

Node 16 

To illustrate the criteria used for parsing the natural world into classes (e.g., 

plants, animals, minerals), the practice of taxonomic drawing has found 

increased use in the science. The rules that are consistently employed in 

taxonomic drawing, despite the fact that they were never explicitly codified, are 

discussed at length in chapter 4. 

Node 17 

Within the abstract-geometric thread is a kind of graphic production that has 

been especially important for students of psychology in general and of visual 

perception in particular. These graphics demonstrate optical-geometric illusions 

(27). The defining characteristic for this kind of graphic production is that it 

presents a discrepancy between one or more physical properties (such as form, 

dimension, position, orientation, number, or color) and the corresponding 

perceptual properties (see, for instance, Figure 1.9). Being aware of the 

discrepancy between what one sees and what one can verify using a measuring 

instrument typically does not suppress the illusion. These graphic patterns are 

scientifically important because they demonstrate the independence of 

perceptual activity from past experience and acquired conceptual knowledge. In 

addition, they pose the problem of understanding the perceptual mechanisms 

that cause the illusion. After more than 100 years of research and discussion, 

these problems are still very much objects of empirical and theoretical 

investigation. 

Node 18 

An important yet little known achievement attained through the use of drawings 

is the stimuli used in the scientific study of perception for the purpose of 

experimentation, or use to create demonstrations aimed at making a theoretical 

point. Many of the experimental results produced by perceptual psychologists 

were obtained with materials that consisted of paper-and-pencil drawings (28). 

One of the most famous and effective findings on human perception obtained in 

this way is illustrated in Figure 1.10 (29). That so many experiments could be 

performed using this simple graphic testifies to 
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a point I have already discussed: Simple graphic marks on a drawing surface 

prove sufficient to activate many processes that are at the very basis of our 

perceptual activity. In chapters 7, 8, and 9, I will try to show how drawing can 

he used as a medium for thinking graphically about several aspects of human 

perception. 

Node 19 

Another branch of the representational thread is caricature, and satirical 

drawing in general (30). Western culture already had produced examples of 

caricature during the Hellenistic period. During the Roman empire, caricatures 

were widespread. In the era of Mannerism, between the 16th and the 17th 

centuries, artists increasingly began to use caricatures in pictures aimed at 

creating satire, and the practice spread almost worldwide during the 18th 

century. The diffusion of caricature may have evolved to some degree from the 

systematic quest for the ideal proportions of the human body. Attempts at 

finding perfect proportions generated a codified notion of official or 

prototypical beauty, which then became a tool painters could use to attain 

dignified representations of the human body in its different gaits, even from the 

most unusual viewpoints. But the road that led to the creation of beauty could 

be traveled in the opposite direction as well, leading to the discovery of the 

ugly, grotesque, or exaggerated. Caricature, the corrupted offspring of idealized 

proportions, serves the purpose of reminding the viewer that behind beauty one 

can discover its opposite. A good artist can see—and consequently make us 

see—that the physiognomic characteristics of a model can be exaggerated to 

the point of deformation. The deformation can make the portrait paradoxically 

more accurate, while at the same time making the person represented more 

prone to criticism. Where a portrait depicts a powerful person, the caricature 

highlights weaknesses, and consequently makes the subject less worthy of 

unconditional respect. 

In conjunction with the diffusion of caricature and of satirical drawing, or 

perhaps underlying them, a new type of philosophical and literary thinking 

appeared. In a vast literary production, intellectuals began to play with the 

extreme, the crazy, and the unconventional. Don Quixote and Gargantua are 

perhaps the most important monuments of this production, breaking from all 

formal narrative schemes of the period. In his revolutionary essay on Rabelais 

(31), Bachtin detected a strong connection between a critical attitude toward 

social hierarchies, which is a prerequisite for satire and humor, and the new 

scientific attitude of the Renaissance intellectual, which carried a renewed 

interest in the study of nature. 

The world could not become an object of free knowledge, of experimental and 

materialistic knowledge, until fear and devotion kept it at a distance from people. 

This was a world filled with an inherent hierarchy. The conquest of the world by 

people was an achievement of confidence ... it destroyed and abolished distances 

and prohibitions that were created by fear and devotion. It made the world closer 

to people, to their bodies. It allowed them to touch things, to feel them in all their 

parts, to enter inside them and to turn them inside out. It dictated that things be 

corn-spared with other phenomena, no matter how high or sacred, and analyzed, 

weighted, measured, and adapted. And all this at the level of material experience 

through the senses. This is the reason why popular comic culture and 
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the new experimental scientific culture were tightly intertwined during the 

Renaissance. (32) 

Node 20 

I have used the label topology for modern geometry as a whole. In the diagram, 

topology branches off from geometry, but it does so with a thin, dashed line to 

signify that modern geometry has almost completely abandoned graphics to 

demonstrate theorems or illustrate concepts. After the formalization of non-

Euclidean geometries during the first half of the 19th century, geometry was no 

longer interested in the study of two- or three-dimensional patterns. Instead, 

mathematicians began investigating n-dimensional spaces. These are spaces that 

can be thought, but it would be extremely hard to visualize them in all their 

features. They are fundamentally different and far from the space we 

experience. Topology studies the properties of n-dimensional patterns that do 

not change when they are subjected to continuous deformations, although these 

deformations destroy metric and projective properties of the patterns. 

Intuitively, topological surfaces are like fully elastic veils that can be flexed and 

stretched as one pleases. Through continuous deformations, never breaking or 

reconnecting, these surfaces can take on infinite forms, each different and yet 

equivalent. 

Although topology is interested in spaces that are not easy to visualize, it 

also allows the setting-up of extremely simplified representational rules that 

render formally complex mathematical problems, such as graphs and networks, 

directly intelligible and communicable. A graph is an abstract object, made of a 

set of points connected by lines. The line of a graph need only connect two 

points. In this way, for example, all nonisomorphic graphs created using four 

vertices are presented in Figure 1.11. Even without considering the 

mathematical implications, it is intuitively clear that those vertices can refer to 

the most different practical conditions: from transportation to telephony, from 

social relationships to the food chain of a certain ecological niche, and so forth. 

Nets are derived directly from graphs. Nets with their own functioning 

rules are generated by many sectors of math, physics, biology, and economic 

management. Thus, for example, one can speak about structural nets in 

architecture, transportation networks, message communication networks, robot 

networks, and so forth. One of the most recent uses of the net concept is the 

neural net, which aims to be a functional model of brain activity. These nets 

constitute the basis of connective models for cognition and learning, which are 

activities that are no longer considered to be localized in specific and 

specialized areas of the brain; on the contrary, they are thought over to be 

diffused and distributed across large areas. Figure 1.12 shows a special 

1.11.   Four vertex 
nonisomorphic graphs. 
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1.12.   An example of a 
net, illustrating the 
moves of a chess piece 
(the Knight) that does 
not stop in any square 
more than once. 

kind of net, the movements of a chess piece, in which an elegant solution to the 

knight's problem is schematized. 

Node 21 

In our contemporary world, social interactions have become increasingly 

frequent, and travel has become easy, fast, and necessary. Goods are imported 

and exported throughout the world. As a consequence, a need has emerged for 

iconic tools to transmit essential information involved in transportation, 

business, and management. These must be easy to understand and relatively 

independent from the specificities of different cultures. Ideally, this form of 

communication should provide unequivocal messages despite different 

linguistic contexts. Graphics have fulfilled this need through the unique 

production of signals, or more generally, of those graphic symbols sometimes 

called icons (33). Instances of these kind of graphic productions are the 

conventional signs for the material composition of a fabric and for cleaning 

instructions, found on small tags in most dressing items; or the warning signs 

on a car's dashboard. Icons became especially prevalent after the Second World 

War as individuals began to work and travel internationally with increased 

frequency. 

Subnode 21a: Computer Icons. The diffusion of computers generated a new 

kind of interaction, that between human and machine. At the beginning, a 

symbolic and abstract language, computer programming, mediated this 

interaction. It was difficult to learn and use. The invention and diffusion of 

personal computers would not have been possible without the realization of 

easy and intuitive interaction methods with the machine, which can now be 

intelligible to nearly everyone. Computer icons, being concrete images, are 

immediate interpretable. 

Chapter 1 : Introduction    19 

 



Node 22 

At the middle of the dashed line connecting the representational and non-

representational threads, I have placed bypothetigraphy. The term is a neolo-

gism, and I use it to define the set of graphic configurations that elucidate the 

structure of portions of the natural world that we cannot observe directly. These 

include the extremely small, such as the elementary components of matter and 

their interaction, or the extremely large, as the large-scale structure of the 

universe. Yet another example could be the unfolding of historically remote 

events, such as those that influence geological stratifications. Typically, the 

evidence for the existence of these entities is indirect, coming from 

measurements or theoretical deductions based on logic or mathematics. Thus, 

graphic models are often used to visualize and communicate information about 

these theoretical constructs. By inspecting the features of these graphs, one can 

then identify the components of complex theoretical constructs or their dynamic 

behavior. These are images that render visible things that cannot be seen, 

fulfilling two different communicative needs. The first is to give shape to 

abstract entities that are formless. The second is to substitute a lengthy, usually 

imprecise verbal description with a visual representation that can be grasped 

immediately. In this way, the involvement of vision allows one to apprehend the 

structural features of a phenomenon and all the relationships between its 

components. In Figure 1.1, hypothesygraphy is connected with the two great 

drawing threads by only a dashed line, signifying a weak connection and an 

implicit contradiction. On one hand, hypothetigraphy aims to faithfully 

represent the objects of its application. In a Platonic sense, it aims at a sort of 

iconic mymesis. On the other hand, hypothetigraphy is done with the full 

awareness that this aim is intrinsically impossible to achieve. This contradiction 

is well represented in the use of simple graphic elements, such as geometric 

figures, arrows, or typographic marks. These are used neither as conventional 

symbolic signs nor as direct representations of concrete objects. Therefore, the 

relationship between the drawing and the represented construct is neither one of 

similarity nor one of complete independence, as is the case for geometry 

constructions that simply stand for what they are without any reference to 

external objects. As we will see in the chapter 4, the unique relationship 

between graphic signs and the content found in hypothetigraphy makes this use 

of drawing an especially interesting case of visual communication. 

ORGANIZATION OF THE BOOK 

A systematic study of graphic communication should describe and explain three 

things. The first is the incredibly wide range of applications of a communicative 

tool that seems so limited and rigid. The second is the articulation of 

communication through drawings in their structural components, especially 

from the viewpoint of their recombination for different communicative 

functions. The third is the mental process that causes graphic signs, which are 

always the same from the point of view of their physical makeup, to trigger 

many different mental outcomes in terms of the corresponding phenomenal 

experiences and cognitive understanding. Accordingly, this book is organized in 

three parts. The parts should be thought of as parallel even if, for obvious 

reasons, they are presented in sequence. Part one (chapters 2, 
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3 ,and 4) discusses how information is collected by an artist and how it is 

translated in a graphic design. Part two (chapters 5, 6, and 7) discusses the 

structural components of a drawing and their communicative functions. 

Finally, part three (chapters 8, 9, and 10) exploits drawings to investigate the 

workings of visual perception and cognition. 

The First Part 

Chapter 2 analyzes visual information, how it can be picked up by an observer 

and how it can be used in a drawing. In a universe without observers, there is 

no information. Thus, information exists and is disseminated when observers 

interact with the environment and must solve problems to support their 

behavior. In the case of one particular observer, the person drawing, visual 

information is also a tool for visual communication once translated into a well-

organized network of signs. This chapter provides a concise presentation of 

Gibson's theory of the ecological approach to visual perception. The problem 

of three-dimensional perception of a two-dimensional image is discussed in 

detail, as well as that of recovering depth from the movement of a stimulus on 

a plane. The human body proportions and the covert relationship among 

alphabetical letters of different sources are discussed within the theory of 

perceptual invariant. In a final exercise, readers are shown how difficult it is to 

destroy the drawing of a human face by solely modifying its outer contour. 

Chapter 3 analyzes the interaction between separate sources of information 

over space and time. Crucial to this issue is the complicated notion of visual 

context, which I consider as a sort of information "accumulator." Because of 

the effect of such accumulation, texts and images can be rescued from 

ambiguities in their meaning. In this chapter, the meaning of context is 

discussed in terms of the cognitive processes called "bottom up" and "top 

down." How context works in visual scenes is also discussed and the limits of 

its exploitative role in picture communication are put forward. 

Chapter 4 discusses visual information from the standpoint of the artist. 

Drawings challenge their creators in two different ways. On one hand, they 

force them to make drastic choices among the vast quantities of information 

that the world offers to them; on the other, they require that new information be 

included in the final product. The limited capacity of drawings as a tool for 

communication, far from being a problem, turns out to be a stimulus for the 

search of the difficult balance between information gathered from the 

environment and information that the creator of an image must add. The 

appropriateness of the results and the efficacy of the transmission of the 

content depend on a subtle process, which we have called "enhancement and 

neglect" on the basis of which the person drawing can select just those aspects 

which, shown as if through a magnifying glass, involve the observer 

cognitively by satisfying demands of completion and exhaustiveness. This 

chapter deals with one of the processes on which communication via drawing 

is based. The starting point is that any visible object and scene can be the 

source of many different images. An image cannot represent all the aspects of 

an object, and even if it could, the result would not be useful for 

communication. An image is the outcome of a choice between neglected and 

enhanced aspects of the represented scene. A drawing can be an efficient 

communicative tool only when it shows us aspects of a scene that we did not 

know or that we could not observe directly. 
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The Second Part 
In chapter 5 drawing, as a tool, is broken down into its elementary physical and 

cognitive components to describe and analyze how they work. Next, I discuss 

how these components combine and recombine in a systematic and binding way 

according to the type of communicative content the drawing has to transmit. 

Drawings, having different communicative functions, obey intrinsic rules that 

are always followed by their creators, even though they have only rarely been 

explicitly formulated. Thus, a technical drawing differs from an illustration, 

which itself differs from a drawing of which the function is taxonomic. The aim 

of chapter 5 is to present the physical and cognitive components of drawing. 

More precisely, the chapter illustrates the four basic graphic elements. You can 

think of these as manifestations of a graphic primitive, the line, which, in turn, 

becomes an object, an edge, a crack, or a texture. When combined with 

potential positions and distances of the depicted objects relative to the 

viewpoint, the four basic graphic elements yield a taxonomy of graphic 

production that has some utility. 

Chapter 6 discusses how graphics can translate into images and therefore 

show us things that cannot physically be seen. What I have in mind is not the 

world of fantastic animals or abstract images or the inventions of an artist's 

fantasy. The objects of this chapter are things that exist in the natural world, at 

least in the sense that science has means of demonstrating their existence, of 

describing them, and of theorizing about them, but that cannot be encountered 

through the senses. I have dubbed the techniques involved in these kinds of 

drawings "hypothetigraphy," for these images are indeed graphic depictions of 

hypothetical constructs. Although these images are usually simple in their 

choice of graphic elements, they refer to aspects of reality that are quite 

complex. A good example is provided by the so-called Feyman's diagrams 

which we will encounter in chapter 6 (Figure 6.12). Their true aim is not to 

show us those things that cannot be seen but, more modestly, to show us how 

little we know about the things that we cannnot see directly. In the first part of 

the chapter, I present the perceptual side of this problem and explain how the 

construction of hypothetigraphs must rely on the organizational function of 

perception. The clever use of perceptual organization allows hypothetigraphs to 

link, into a single picture, notions that would otherwise remain disconnected and 

to illustrate the different stage of the unfolding of a process. I call these the 

connective and the reconstructive aspects of hypothetigraphy. The central part 

of the chapter tells the story of the debate on visualization that occurred among 

physicists at the beginning of this century. Additionally, it considers a similar 

problem that became an object of heated debate in cognitive psychology. The 

last part of the chapter is devoted to a structural analysis of hypothetigraphy. I 

study the rules that govern its production, the ingredients that can be used to 

create them, and the constraints created by viewers. 

Chapter 7 deals with the graphic representations of time. Time is a 

complicated notion. Abstract and concrete at the same time, it changes its 

features according to the viewpoint an individual may adopt. Philosophical time 

can be different from physical time. Each of these is certainly different from 

historical time. Just as there is no single conceptual notion of time, there is no 

single manner of translating it into an image. I consider four ways to depict time 

in pictures: as a symbol, as change, as causality, and as a dimension. As a 

symbol, time is depicted as a person or as an emblem. 
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As the parameter underlying change, time is depicted by displacements or by 

transformations, and the configurations that are suitable to represent the former 

do not always work to represent the latter. As causality, time is depicted as the 

underlying directionality of the unfolding of events. Our perceptual activity 

recognizes some sequences of images as symptomatic of causality relationships 

between objects (34). Finally, as a dimension of the appearance of objects, time 

depends on our ability to place objects in their proper temporal perspective on 

the basis of specific visual cues. 

The Third Part 

In the first seven chapters, I use facts about perception to understand how 

drawings work. In the last part, I explore instead those perceptual problems that 

can be studied using drawings. If the first two parts are about what perception 

tells us about drawings, this last part is about what drawings tell us about 

perception. The rationale of the endeavor is as follows. If drawings manage to 

provide efficient communication, they must be capable of activating those 

processes that are usually involved when we pick up information from our 

environment. Despite their limited gamut of communicative tools, drawings 

speak to the perceptual system in the same way that the world does. Precisely 

for this reason, drawings also can be manipulated to study perceptual and 

cognitive processes. In my investigation, I focus on one feature of vision that is 

crucial to perceptual activity and that is especially amenable to investigation 

through graphics: the articulation of figure and ground. Chapter 8 illustrates 

how difficult it is to draw something that looks like a hole. Chapter 9 analyzes a 

related problem, that of drawing surfaces so that they look like juxtaposed tiles 

on the same plane. The automatic processes that segregate figures from ground 

are strong and pervasive, and discussing these two special cases of figural 

articulation provides the occasion for discovering several constraints important 

to drawings. In chapter 10, I consider what is discussed in this volume in terms 

of its potential for further analysis. Three issues emerge with greater clarity and 

may provide a basis for additional work on the psychology of drawings. The 

first is the problem of bringing all the graphic products of human activity into a 

coherent, connected system. The production of a coherent theory of drawings 

requires that we abandon the idea that one can distinguish between artistic and 

nonartistic productions. Hierarchies and judgments of merit must be abandoned 

because attempts to distinguish between "worthy" and "unworthy" works 

ultimately prevents us from understanding crucial relationships between 

different works. The second issue is that of generating a rigorous taxonomy of 

drawings, which I attempted to create in chapter 10 in a very general sense, but 

which needs a much more detailed analysis, before it can become a useful tool 

for understanding graphics. The third issue is that of clarifying the impact of our 

study of visual perception on our understanding of graphics. To this aim, it 

seems necessary that scholars of perception go beyond the pure problem of 

veridical representation—the ability of graphics to mimic reality. Much more 

important in graphic communication is the ability to present things that cannot 

usually be seen—visualizations of abstractions. The visualization of the 

invisible is, in this respect, like the part of an iceberg that remains under the 

surface of the water. Scholars have focused on the tip, mimesis, and have not 

realized how many problems of visual cognition lie beyond the surface. 
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THE REAL FOCUS OF THIS BOOK 

I would like to add, in closing this first chapter, that perhaps the real focus of 

this book is its illustrations. For this reason, I encourage the readers to pay 

special attention to them. The illustrations will repay readers with riches of 

information conveyed at a single glance. As many illustrations do, however, 

they will also reward readers who invest additional glances, providing new and 

unexpected discoveries. The graphic exercises proposed in this book are 

occasionally boring, but they are designed to force readers to discover, with the 

use of a pencil and their eyes, the plethora of things that can be shown with 

drawings 

 

 

 

 

. 
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CHAPTER 2 
INVARIANCE AND 

TRANSFORMATION 

s I argued in the previous chapter, drawings are a very flexible tool. 

We have used them for ages, and we have been able to adapt them to 

ever-changing demands. As a consequence, graphics have never ex-

hausted their utility as a medium for storing and transferring information. But 

just what kind of information is stored and transferred? How can graphic marks 

convey information? There is more than one answer to these questions, 

depending on how one approaches the problem. Different answers correspond 

to complementary attempts at understanding graphics, and I have devoted the 

next chapters to three such attempts. In this chapter, I investigate the nature of 

information as it is perceived or "picked up" by human perceptual activity. To 

understand how information may be stored in a drawing or picked up from it, I 

will elaborate on the theory of perceptual invariants, discussing empirical 

findings that pertain to this theory. Chapter 3 will then consider the issue of 

understanding how the information can be created and modified according to 

the relationships between different parts of a drawn scene. There my aim is to 

provide a critical assessment of the explanatory power of "context." Finally, 

chapter 4 will discuss information from the point of view of the individual who 

draws, who is continuously engaged in selecting what needs to be preserved in 

the drawing and what can be neglected. 

Invariant properties of visual information are used as a basis for the per-

ceived stability of the visual world. This notion plays an important role in 

several theories of perception, most notably that of James J. Gibson. 

Nonetheless, the importance of invariants should not lead us to treat their 

opposite, variation, as unimportant or deleterious. Visual variation, the de-

liberate transformation of what is perceived aimed at providing novelty while 

preserving some basic feature of the form, presupposes invariance in the same 

sense that musical variations presuppose a musical theme(l). Culture is con-

stantly striving to understand conditions that promote stability. Once these are 

understood, however, a game of variation begins, which is a natural tendency 

of the intellect. In this game, variations are both respectful and transgressive of 

their theme. Think of paintings within classic genres such as 

A 



the landscape, the nude, the nativity, or the last supper and the many ways these 

themes have been portrayed. 

The final outcome of variation is a new realization of the role of formal 

appearance. Although idealistic art critics have defended the separation of form 

from content, in reality there are no changes of form that are not also changes in 

content. Thus, artistic research has always aimed first at innovation in formal 

characteristics. In its search for variations of form, art parallels the advancement 

of scientific knowledge. As science explores the limits of nature, art explores 

the limits of human communication. Understanding that the basic rules of the 

physical world do not manifest themselves in the direct appearance of things, 

one also understands that to discover those rules, it is necessary to transcend 

appearances. Nonetheless, the "clothes" that appearances wear are perceptible 

forms, and these are indispensable to the existence of the physical world. In this 

way, neglected by those who seek to understand the laws of physics, appearance 

becomes the central problem that those laws cannot explain. 

PERCEPTUAL INVARIANTS AS INFORMATION 

For our purposes, information is anything that produces a temporary or 

permanent increase of knowledge. This definition is very general, and it is 

strictly connected to Cutting's definition of information. To provide information 

is "to instill form within," and perception is "the process of picking up 

information with the end result of having the form, in some sense, instilled 

within the perceiver" (2). Where does this information come from, and what is 

it? How can it achieve the instillation of a form within a perceiver? Information 

comes from the environment of the perceiver and is found "in the geometric 

relations of parts of objects to each other and to their surrounds" (3). I will 

acknowledge here the importance of geometric constraints on the mutual 

relationships between observer and environment; however, I will argue that 

identifying information only with geometric relations may be too restrictive. 

This results in a certain vagueness of definition, but I suspect that this 

vagueness may be more productive at this stage than a strict assertion of the 

hierarchical primacy of geometry. 

The notion of perceptual invariants identifies a special kind of optical-

geometric information. Gibson (4) has been primarily responsible for an 

invariant-based theory of the perception of the layout and three-dimensional 

structure of objects. Other investigators have divided into two camps. According 

to one view, invariants should be treated only in terms of mathematically 

rigorous, geometric entities. This view has the advantage of allowing for strong 

experimental predictions, but it seems to have a certain heuristic rigidity. 

According to another view, we should relax the rigorous definition in favor a 

more flexible conception of what an invariant is. The advantage is an enhanced 

heuristic value, but for that one pays the price of a diminished theoretical 

usefulness when making predictions. For the reasons noted in the preceding 

paragraph, I will adopt the second notion here. Using the approach, I will 

discuss the potential role of invariants in the perception of anamorphosis, the 

proportions of the human body, and the readability of printed characters. But 

first, a presentation of perceptual research adopting the more rigorous notion is 

in order. We start with a brief look at the notion of invariant. It is known that the 

notion of invariance 
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presupposes a transformation. An invariant is some property that remains 

constant throught a certain range of conditions (5). Thus, for example, the area 

and the shape of a square are invariant with respect to translations or rotations 

on the plane, but not with respect to its projections in space; in this last case the 

pair of vertices connected by the same segment (side) are still invariant. 

STIMULUS INSTABILITY 

AND ENVIRONMENTAL STABILITY 

Perceptual psychologists, as well as all philosophers starting with the pre-

Socratics, have always been preoccupied with the problem of how we acquire a 

coordinated, unitary, and stable knowledge of objects and of the environment 

surrounding us. One of the reasons, which poses a problem to the theory of 

knowledge is that the underlying sensory registrations do not possess any of the 

properties of our apprehension of the external environment. In fact, they are 

uncoordinated, fragmentary, and unstable. 

Referring to visual perception, we can define sensory registrations as the 

set of shapes that are created on the retina of an observer in front of a visible 

object. The reader should be aware that this is a simple definition, useful for the 

sake of illustrating a concept. A better definition should incorporate the idea 

that the retina is not properly a screen, but a receptive surface that is modified 

by radiation within the visible spectrum as it is reflected by objects. But, for our 

purposes, the simple definition will suffice. To understand why sensory 

registrations are unstable, consider an object at different distances and angles 

relative to a viewpoint. The corresponding shapes on the retina will be small or 

large as a function of distance, and they will be narrow or wide as a function of 

angle. Similarly, the intensity and wavelength of light arriving at the retina, 

after it is reflected by an object, varies as a function of the intensity and the 

spectral composition of the illumination impinging on it. Despite this 

instability, however, objects appear to have relatively stable sizes, shapes, and 

color. The mechanism that recovers stable and rigid objects from a myriad of 

continuously changing retinal stimulations is called perceptual constancy. From 

the middle of the 19th century to the present, constancy has kept its status as a 

crucial problem of experimental psychology. For some time, our understanding 

of perceptual constancies has been hindered by the idea that visual stimuli 

should be conceived as a series of static and independent images created on the 

retina of an observer. Conceived in this way, the term retinal stimulation 

logically implies that the visual system must somehow reconnect this set of 

unstructured and disjointed images to arrive at constant perceptual 

representations. The process of reconstruction has sometimes been likened to 

one of logical inference or to one of self-organization between field forces. This 

way of thinking about visual stimuli may contain a flaw, however. The 

perceptual theorist who is generally credited for noticing this flaw, and thereby 

changing our way of thinking about visual stimuli, is again Gibson. In Gibson's 

approach, visual stimuli cannot be considered as a set of discrete images, like a 

series of snapshots in which any one is separated and independent from all the 

others. Instead, the flow of projective transformations that take place in 

perception is continuous and strucutured in space and time. Light, as it is 

reflected by the objects in the environment, can be thought as a manifold of 

rays converging on viewpoints 
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(the idea of an optical cone dates back at least to Euclid). Given that these rays 

divide into sets of solid angles with a viewpoint as the vertex and object 

surfaces as the basis, we realize that light as a visual stimulus possesses spatial 

structure. This structure is not arbitrary, but depends in systematic ways on the 

structure of the environment. Thus, relations between solid angles in the spatial 

structure of light convey information about relations between surfaces in the 

environment. Gibson called the set of solid angles formed by light rays from 

surfaces to a viewpoint the "optic array." The set of continuous transformations 

undergone by optic arrays over time is called "optic flow." Optic flow generates 

temporal structure in visual information when the observer or an object is in 

motion. 

Gibson introduced the notion of optical invariants to refer to features of the 

temporal and spatial structure of optic arrays that can be specified in geometry 

and that do not change under temporal or projective transformations. According 

to his theory, the perception of stability and rigidity of the environment is 

mediated precisely by these invariants. We continue to perceive a stable 

environment when we change our viewpoint because underlying the changes of 

retinal projections are features that do not change. Thus, the stability of visual 

forms, sizes, and colors depends on the stability of optical invariants in the 

spatial and temporal structure of the optic array. Gibson's hypothesis generated 

a novel approach to the study of visual perception known as "ecological optics." 

According to this theory, information contained in the spatial and temporal 

structure of the optic array completely specifies the layout, rigidity, three-

dimensional form, size, and motion of the objects in the environment. There is 

no need for constructive involvement of higher cognitive processes, such as 

memory inference based on past experience. Perception is simply a process of 

picking up optical information. 

The birth of ecological optics has promoted empirical research as well as 

theoretical speculation on perceptual invariants and their characteristics (6). 

Students of artificial intelligence and machine vision applications have been 

most active in the search for perceptual invariants (7). From the standpoint of 

robotics, geometric features that do not change with alterations in projection are 

most useful for solving problems such as the automatic recognition of objects. 

If software could be written to detect invariant features through the analysis of 

the spatial relations between sets of notable points under a set of 

transformations, then these features could be used as diagnostics for 

recognizing objects and their properties. Corresponding research conducted 

with human observers suggests that the human visual system does not always 

behave in accord with the prediction of machine vision models, however. In 

short, mathematically computable invariants are not necessarily perceptual 

invariants (8). 

EXPERIMENTS ON PERCEPTUAL INVARIANTS 

Before discussing experiments on invariants, it will be useful to lay out the 

meaning of some technical terms as they are used in mathematics. These in-

clude the following: invariant, any quantitative feature that does not change 

under a transformation; transformation, any operation that maps a set of nu-

meric, algebraic, or geometric entities to another set of the same kind (some 

readers may note that the notion is closely related to those of relationship, 
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function, correspondence, or application); and transformation group, a set of 

transformations such that the outcome of the successive application of two 

transformations still belongs to the initial set. Starting with these definitions, 

one could in principle compute the amount of information necessary to detect an 

invariant (9). Whether the human visual system does indeed detect invariants 

according to mathematically specifiable rules is a matter of debate, however. 

Several early lines of research seemed to suggest that geometric invariants are 

indeed used by human perceiving activity. For instance, Johansson investigated 

the perception of pairs of luminous dots moving along an elliptical path. He 

noted that elliptical retinal paths yield the perception of circular motion in depth 

(10). Thus, in the absence of other cues to their true position in depth, the dots 

appear connected as if they were the endpoints of a rigid rod, and they seem to 

move along a circular trajectory in three dimensions. Note, however, that the 

same outcome is predicted by alternative theories, such as the preference for 

perceiving simpler trajectories if possible or by a general preference for rigid 

perceptual solutions. Shaw and Pittenger (11) had a degree of success in using 

invariants of affine geometry and topology as bases for the recognition of the 

age of profiles. Recall that affine transformations preserve collinearity and 

parallelism, but not areas, the length of lines, or the width of angles. A well-

known example of affine transformation is a parallel projection. Shaw and 

Pittenger hypothesized that our ability to recognize people despite the 

transformation caused by aging may be based on invariants of this kind. To test 

the hypothesis, they subjected a profile of an infant to affine transformations 

such as compression and vertical shear. Figure 2.1 presents examples of such 

putative age manipulations along the compression and shear dimensions, 

relative to a standard profile presented at the origin where compression and 

shear are both zero (12). 

Readers may recall that topology, a branch of modern geometry, is 

concerned with properties that do not change when forms lose their metric 

2.1.   Topological and 
affine transformations 
applied to the profile of 

 

an infant. 
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2.2.   A cardiod curve. 

 

and projective properties because of continuous transformations. As such, 

topological tools seem ideally suited to provide the criteria for describing 

shapes that are subjected to nonrigid transformations. Noting that the overall 

shape of the human skull is well captured by a cardiod curve (13; see Figure 

2.2). Studies such as that of Shaw and Pittenger, however, show that both our 

judgments of age and certain topological properties of a profile are correlated 

with actual age, not that the topological properties determine age judgments. 

Thus, whether topological invariants implicit in the function are actually the 

basis for our perception of the age of a profile remains to be demonstrated. In 

another investigation of perception and invariants, Sedgwick (14) demonstrated 

that the projective position of the horizon is constant in the optic array, whereas 

it changes for any other object whenever the viewpoint of the observer is 

moved. Because of this property, the position of the horizon in the optic array 

may represent an important reference point for evaluating the layout of objects 

in the environment. For instance, the height of an object resting on the ground 

corresponds approximately to the ratio of the visual angle subtended by the 

whole object, relative to the visual angle subtended by the part of the object 

underneath the line of the horizon. The most important feature of the horizon 

ratio, however, is that the ratio remains invariant under changes of the distance 

between the object and the viewpoint. As is clear in Figure 2.3, this happens 

because, for any distance, the height of the part below the horizon corresponds 

to the height of the viewpoint from the ground. Researchers in artificial vision 

have always been interested in using computable invariants as a potential basis 

for constancy algorithms. A family of invariants that has attracted a lot of 

attention is what Lowe (15) has called "nonaccidental properties." These are 

structural properties of a visual stimulus that have a very low probability of 

occurring because the observer is looking at an object from a specific 

viewpoint. 

2.3.   The horizon 
ratio. As objects of 
equal physical size 
recede in depth, the 
ratio of the lengths of 
their horizon-bisected 
portions remains 
constant. 
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2.4.   Examples of 
Lowe's nonaccidental 
properties. 

Excellent examples of nonaccidental properties include the collinearity of 

points, constant curvature, junctions of segments, and the parallelism of 

segments (see Figure 2.4). For all of these, if you find them in the stimulus, they 

are extremely likely also to be present in the objects. Simple probabilistic 

models can be used to assess these probabilities. Imagine, for instance, throwing 

matches onto a table. The likelihood of any of them landing on its end has a 

small but computable probability, which would allow one to define the "degree 

of accidentally" of a given characteristic. Using probilities of this kind, Lowe 

has been able to develop a system for computer vision that has a degree of 

success in discriminating between objects presented in noisy images. As Lowe 

himself recognized, however, nonaccidental properties do not always suffice to 

define a specific object without ambiguity. In addition, the fact that this type of 

invariant can work in a computer-vision algorithm is not evidence in itself that 

the same invariants form the basis of recognition in human vision. 

An excellent example of the difficulties that have been met by those who 

attempted to identify perceptual invariants with mathematical invariants of 

projective geometry is the cross ratio. The cross-ratio principle states that given 

four points on a straight line, and given lines connecting all of these points to a 

center of projection O, if another straight line S is drawn across these 

connecting lines, then the cross ratio of the distances between the intersections 

of the connecting lines with S remains constant for any position or orientation 

of S. 

Students of direct perception (16) have suggested that the cross ratio may 

be the source of information underlying the perception of object rigidity. If an 

objects looses rigidity, then any cross ratio between any set of four aligned 

points on the object should suddenly change. Thus, observers could just monitor 

the values of such cross ratios in order to decide if a transformation 
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2.5.   Anamorphobic 
drawings of Schön from 
1535. 

is rigid or not. An area of research that has cast doubt on the status of the cross 

ratio as a perceptual invariant is the study of anamorphosis (17). In its classical 

form, anamorphosis is the creation of an image by taking the outline of a form 

on a plane orthogonal to the projection axis and then projecting it onto another 

plane not parallel to the former. The viewpoint from which the image was 

projected corresponds to the point of regularization of the figure. If the plane on 

which the anamorphosis is traced is observed from a parallel frontal vantage 

point, the figure cannot be recognized (see Figure 2.5). When looking at an 

image created using anamorphosis, one has a strong experience of a scene that 

collapses, as if rigid relations between its parts were suddenly violated. This 

happens despite the constancy of the cross ratio between any quadruplet of 

aligned points. A similar impression of deformation is produced when one 

observes figures drawn on a concave ceiling, such as that of the church of Saint 

Ignatius in Rome (18). As readers will appreciate from this brief discussion, I 

feel there are reasons to wage a cautious pessimism concerning the role of 

geometric invariants in perception. Despite ongoing investigative efforts 

especially in the artificial intelligence literature, experiments on perceptually 

useful invariants have reaped a meager harvest (19). An appropriate conclusion 

to this section is the work of Van Gool and colleagues (20). 

Apart from the very existence of all these marvelous properties that are undisturbed 

by the rather dramatic changes in the way objects present them-selves to an observer, 

there are several intriguing consequences as to the way recognition can be expected 

to proceed when they are being used. (...) Students of human perception will have to 

try to discover which of these invariants are used, if any. Although this kind of 

research is only in its infancy, the preliminary conclusions do not seem to be 

optimistic. 
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RIGOROUS INVARIANTS 

AMP SLOPPY INVARIANTS 

We may think of the perceptual invariants discussed in the previous section as 

being conservative, or "rigorous," meaning that the operations hypothesized to 

define them and their use in the perceptual system are analogous to those used 

in geometry and mathematics. Is it meaningful to ask if rather than rigorous, we 

could consider them as being "sloppy?" Or better, can we think of the notion of 

invariant as a tool that is epistemologically useful to understand cognitive 

behavior? Experimental work on invariants related to perceptual phenomena 

such as tridimensionality, motion, and color has produced explanations that 

have proved difficult to generalize beyond limited domains of facts. From a 

theoretical standpoint, an ongoing question is whether there is any principle or 

set of principles that could subsume all these different explanations. The issue is 

a difficult one, and I have no pretension of settling it here. According to 

Faraday's "indulgence principle," however, it is always better to have a 

somewhat vague idea than to have no ideas at all. We may therefore adopt the 

following working hypothesis: In any domain of cognition, whenever there are 

potential continuities, connections, aggregations, and identities between data of 

experience, then one should presuppose a mechanism devoted to extracting 

invariants. Such a mechanism, as is the case for nonaccidental properties, may 

be computationally complex and based on probability considerations. We come 

to the world genetically equipped to extract invariants with all the sense organs 

and to use extracted information to organize knowledge at all levels. An 

important function of this process would be to construct taxonomies of natural 

entities on the basis of relations that remain invariant at certain levels of 

analysis. These relations are difficult to identify at present, but good candidates 

could be defining properties, prototypes, and sets of relationships. Phonetic, 

grammatical, and syntactic invariants underlying the continuous change of 

linguistic flow may be what makes verbal communication possible. In the 

following exploration of the possibility of sloppy invariants, it seems important 

to establish the maximum amount of stretch that the concept can tolerate before 

it becomes meaningless. I draw the line at the same point as Cutting (21), who 

argued that information concerning an object or event cannot be of the same 

nature as the perceived properties of the object or event. In the theory of 

perception, invariants must be formless—they cannot be forms or geometric 

figures. This constraint allows us to avoid the serious danger of confusion. So 

far, we always have identifying candidate carriers of information with 

invariants, but we should not forget that transformations also carry information. 

Optical transformations come in two kinds: those that can cause perceptual 

changes in the form of an object, and those that cannot. (Of course, both 

transformations can take place at the same time.) The first kind of 

transformation is innovative in character; it favors creativity. The second kind is 

conservative and favors stability. The second kind also allows the extraction of 

invariants. Thus, form represents an important boundary to distinguish the two 

kinds of information that will be discussed in the following pages. In his use of 

the term "perceptual invariant," Gibson was not as rigorous as some of his later 

students. Perhaps he did not mean to be. After struggling for many years with 

the problem of defining what, exactly, is a picture, for instance, he arrived at a 

definition founded on a somewhat sloppy notion of invariant (22). 
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All along I have maintained that a picture is a surface treated so that it makes available 

a limited optic array of some sort at a point of observation. But an array of what? 

.,. My first answer was an array of 'pencils' of light rays. My second was an array 

of visual, solid angles, which become nested solid angles after a little thought. My 

third answer was an array considered as a structure. And the final answer was an 

arrangement of invariants of structure (Gibson, p. 270). 

In this notion, each invariant is a set of relations that connect specific 

characteristics or components of an object or of a scene. These relationships 

will be preserved when the object or scene is subjected to variations: 

The child never sees a man as a silhouette or as a cutout like a paper doll, but 

probably sees a sort of head-body-arms-legs invariant. Consequently, any outline 

drawing with this invariant is recognized as a man.... Even when the outlines give 

way to line segments, as in so-called 'stick figures,' the invariant may still be 

displayed and the man perceived (Gibson, p. 272). 

Thus, the role of such invariants would be that of connecting different 

pieces of our comprehension of the world, thereby stabilizing it. It seems 

correct, therefore, to say that the invariant features Gibson had in mind were not 

strictly geometric. Rather, they were entities such as proportional relations 

between parts of the human body or between the components of text characters 

written with different type styles. 

Gibson's concept of perceptual invariant was especially ample and mul-

tifaceted. This variety of meaning is well represented by his four-way classi-

fication of invariants as a function of different kinds of transformations that can 

be applied to an optic array (23). Events take place in the environment in a 

variety of ways. Objects can translate and rotate, nonrigid surfaces can deform, 

balls can bounce and roll, water can form waves, faces can smile. Each event 

causes a local perturbation in the structure of the ambient optic array. 

According to Gibson, despite the perturbations, we perceive stable surfaces and 

faces because certain features of the structure remain invariant. 

Gibson's classification is complemented by Turvey and Shaw, who dis-

tinguished between two main components of optical transformations. These are 

the nature or style of the transformation (for instance, whether it is a rotation, a 

growth, or a bounce) and the properties of the object that are preserved during 

the transformation (such as rigidity, size, and form). They proposed that "these 

two components of an event correspond to two different types of invariant 

information, which may be called respectively transformational and structural" 

(24). Transformational invariants concern the variety of different 

transformations that can be applied to many different objects, such as 

displacement or deformation. Structural invariants concern the variety of ways 

that a transformation can take place. For instance, deformations can happen in 

many different ways. The gradual disappearance of a cloud of smoke is 

different from the sliding of terrain from a cliff. The plastic deformation of a 

flag waving on a pole is different from the bending of bushes and tree branches 

in the wind. The concept of optical invariants makes a fundamental contribution 

to our understanding of how we perceive both the stable properties of the 

environment and the artificial images of paintings, drawings, and photographs. 

In other words, invariants allow us to understand the relationship between 

things and their representations (25). From the standpoint of this book (that is, 

the perception of graphics), 
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however, these conceptualizations neglect an important feature of pictures. A 

person drawing is not necessarily interested in a faithful representation of what 

is seen, as the Gibsonian approach implies. Not even a photographer necessarily 

has this intention. Graphic artists are interested not only in communicating 

content, but also in exploring the limits and the potentialities of a medium. 

Eventually, graphic artists aim to find new methods to communicate messages. 

Thus, graphics are a privileged place of creativity and variation. And in this 

sense, a painter or artist goes beyond what is known and codified, sometimes 

allowing us to visualize wonderful pieces of reality and even objects that we 

could not imagine. If this were not the case, we could never understand how 

realism in painting gave way to impressionism, abstract art, and so on. Beyond 

the mere rendering of invariants of the structure of the optic array, painters have 

always cultivated and admired variation. In conclusion, there is only partial 

consensus on the definition of a perceptual invariant, and experimental work on 

the notion has yielded somewhat mixed results. The Gibsonian theory of direct 

perception is founded on the postulate that perceptual invariants exist. But 

whatever their definition and their role in theory, the concept of invariants is 

strictly connected to its opposite concept, that is, the notion of variation. When 

studying drawing, it is instructive to consider variation closely. In graphic 

production, information provided by variation is as important as, if not more 

important than, the information provided by invariance. Whereas invariants are 

used to represent reality, variations are a means to explore new forms of 

communication. In the following sections, I discuss further opposition between 

these two functions of drawing by looking at two case studies. Both are 

paradigms of the graphic arts and have a rich history of examples. The first of 

my case studies concerns the discovery of human body proportions. Once 

discovered and codified, these proportions formed a foundation for the 

veridical, projectively correct representation of the body in different gaits and 

from the most peculiar viewpoints. The second of my case studies concerns the 

recognition of alphanumeric printed characters. When creating new printing 

fonts, a designer must find a compromise between two opposing requirements. 

On one hand, designers must take into account constraints on character 

recognition. These are generally not something of which the viewer is 

conscious, but they are nonetheless fundamental to our ability to read letters in 

several thousand different type styles. It is plausible that recognition is possible 

because of invariants of form. On the other hand, designers must please an 

ongoing request for novelty. Thus, font design also must strive for variation, 

avoiding excessive similarity to fonts that already exist. 

THE PROPORTIONS OF THE HUMAN BODY 

Perhaps one of the most widely known images of the human body is Leonardo 

Da Vinci's drawing of the Vitruvian man, depicting a man with his arms and 

legs spread out. His body is fully inscribed in a square, which in turn is in-

scribed in a circle (Figure 2.6). Starting with the first half of the 15th century, 

the discovery and the practice of perspective yielded a new primacy of vision 

that would lead to new knowledge and a "reconstruction" of the world. The type 

of representation derived from perspective is based on the awareness of stability 

under the appearance of change. Within those changes exist stability and 

permanence; perhaps this stability is captured by relationships between the 

constituent elements of the same object and different objects within the 
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2.6.   Leonardo da 
Vinci: The Vitruvian 
man. Note. Reprinted 
with permission front 
Gallerie dell'Accademia, 
Venice. 

same scene. Renaissance painters realized that there are no absolute dimen-

sions. People can be tall or short, slim or fat, but beyond these differences, there 

are some fundamental relationships that generally do not change. These 

fundamental proportions can be used to derive rules for drawing the human 

figure that is both correct and dignified. In his well-known treatise, On 

Fainting, Alberti wrote: 

As man is best known of all things to man, perhaps Protagoras, in saying that man 

is the scale and measure of all things, meant that accidents in all things are duly 

compared to and known by the accidents in man (26). 

Alberti's concepts, which Leonardo would adopt, clarify that the Re-

naissance interest in proportions was not based on technical usage or symbolic 

content, as it was in the Middle Ages. During the Renaissance, the study of 

proportions became instrumental to the possibility of knowing the world and 

speculating about the relationship between human beings and the universe. 

Thus, proportions became a means of rediscovering nature and understanding 

its connection to humans. Durer's Four books on human proportions, published 

in 1528, had an enormous impact on the intellectuals of the time (27). The work 

was of use not only to artists, but also to physicians and anatomists who needed 

to understand the human body as a system of interconnected mechanical parts. 

Edgerton correctly argued that our perceptual systems, used to the visual 

trickery of modern computer graphics, cannot appreciate in full images such as 

that of Figure 2.7 (28). Consider the etching of Figure 2.7, showing how a face 

inscribed in a geometric network can be subjected to shearing in several 

different directions. The same topologically founded procedure, which 

preserves the proportions between parts, would later be eminently useful to 

contemporary mapmakers. First among them was Gerardus Mercator, whose 

system of projections was used in mapmaking for centuries. During the 

Renaissance, the interest shifted from attempts to impose proportions to 

searches for natural relationships. For example, in the Middle Ages, symbolic 

geometric figures were imposed onto bodies to demonstrate their divine origin. 

Thus, proportions were abstract 
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2.7.   From the work of 
A. Durer: How a face 
inscribed in a geometric 
network can be 
subjected to shearing in 
several different 
directions. © Chapin 
Library of Rare Books, 
Williams College, 
Williamstown, MA. 

mental relationships, based on principles of regularity, symmetry, and good 

form. As was already clear in the 13th century schemes drawn by Villard de 

Honnecourt (Figure 2.8), bodies were forced to conform to elementary geo-

metric figures. In the Renaissance, proportions became relationships that one 

could discover by measuring real bodies. Artists such as Piero della Francesca 

(Figure 2.9), Leonardo Da Vinci (Figure 2.10), and later Durer (Figure 2.7) 

took measures, ran tests, and compared different parts of the human and animal 

bodies to understand its fundamental proportions. They understood that when 

these proportions were respected in a drawing, observers may not necessarily be 

aware of them; but if one neglected to respect them, the effects on the pictorial 

rendition are disruptive. 

Renaissance artists aimed at creating a perfection of balance and harmony. 

To that end, they needed rules derived from careful observation and applied 

through a new use of the geometry of the ancient thinkers, no longer a site of 

abstract speculation and now guide in the study of nature. The persistent study 

of the proportions of the human body brought about new awareness that inside 

the infinite variation of bodily diversities existed some stable features. Although 

these are not immediately perceptible through vision, they are the flesh and 

bones of beauty and harmony of form. Renaissance artists left such a rich 

corpus of rules and methods for drawing bodies that their baroque successors 

immediately enjoyed complete control of forms in space. Inebriated with space 

and light, baroque painters used their mastery to create the most daring 

representations of the human body. They placed bodies in the most complicated 

positions, seen from the most unusual 
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2,8.   Villard de 
Honnecourt: Carnet. 
Human bodies inscribed 
in simple geometric 
figures. Note, 
Reprinted with 
permission from the 
Bibliothèque nationale 
de France, Paris. 

viewpoints, often in spaces free of gravity. The climax of this mastery is still 

visible in many baroque church ceilings that celebrate saints and royalty by 

presenting vortices of bodies, space, and architecture. It is no accident that 

perception scientists (29) have repeatedly investigated the ceiling of the church 

of St. Ignatius in Rome, one of the archetypal examples of such works. 

READING AND DESIGNING FONTS 

Since writing has existed, designers of different type families have tried to 

compromise between two opposing tendencies. On one hand, ways of writing 

must allow for readability of symbols, and therefore of words and meaning. On 

the other hand, writing has been shaped by the need and the pleasure of varying 

the shape of those symbols, sometimes pushing them to the very limits of 

legibility. Those limits have proved vast and difficult to define. After the 

invention of mobile-character print in Western culture, the trend toward creating 

innovative printing fonts has accelerated sharply. Today it would be 
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2.9.   Piero della 
Francesca: Studies on 

the proportions of the 
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Reprinted with 
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2.10.   Leonardo da 
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practically impossible to list all the alphabets that have been created since 

Guttemberg printed his first edition of the Bible. 

Interestingly, but perhaps not surprisingly, some of the same people who 

focused intently on the study of human proportions were also involved in 

understanding the proportions of the alphabet. When creating printing fonts the 

rigor of applied geometry transferred naturally to issues such as the stylistic 

homogeneity of the characters, their dignified appearance, and their lay-out on 

the page. For the humanists, the beauty of the writing tool, as well as its utility 

and dignity, were grounded on proportions. Hidden relations captured by 

arithmetic and geometry, would eventually reveal the perfection and harmony of 

the universe, from the heavenly bodies to the letters of the alphabet. Thus, some 

of the most important artists and scientists of the Renaissance, such as Alberti, 

Pacioli, and Durer, were dedicated font designers. Master calligraphers, on the 

other hand, wrote manuals that codified the rules of character design for all of 

Europe. Among these were Ludovico Arrighi, known as Vicentino, who 

codified administrative printing (called Cancelleresca), and Sigismondo Fante 

da Ferrara (1514), who wrote an important treatise on forms and proportions in 

the main writing systems (see Figure 2.11). 

2.11.   Sigismondo 
Fante da Ferrara, 1514: 
Lettera X costruita con 
geometrica ragione 
(Letter X constructed by 
geometrical reasoning). 
Note. Reprinted with 
permission from 
Newberry Library, 
Chicago, Illinois, Wing 
ZV 14. F212. 
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2.12.   Letters of 
alphabets from several 
different times and 
places: 15th-century 
France, 16th-century 
Venice, and 17th-
century Portugal. 
Historic alphabets 
initials, and letters 
designed from 1970, 
Dover 1957. 

The fact that we can recognize the letters of the alphabet easily, even if 

they are written in a variety of different ways, is a good example of the 

problems that pattern recognition research has faced. One of the earliest models 

of recognition methods, known as "Pandemonium" (30), was developed as a 

computer program for recognizing Morse code signals, but was soon thereafter 

applied to the recognition of printed characters (31). In general, none of the 

present models can deal with the variety of challenges that printed characters 

affords to recognition. Consider the examples in Figures 2.12 and 2.13. 

In Figure 2.13, I have collected four excerpts of alphabets designed in 

different times and places. When spoken words become writtten words, they 

enter the world of vision. As is can be seen even from this limited collection, in 

being observed words must take on an appearance that goes beyond recognition 

and into the realm of public relations. Written words, handwritten and then 

printed, must convey their referential content. At the same time, however, they 

must express a way of "seeing" the world in accord with the culture of an era. 

This world view is made up of aesthetic considerations, but also of conceptions 

of the act of perceiving. In Figure 2.13, 56 different kinds of "A" characters 

collected by Douglas Hofstadter (32) are shown. Because each is readily 

recognized, it seems reasonable to assume that we are respondings to invariance 

between parts, some feature that is preserved in all the "A" characters (33). 

However, understanding what this invariance might be has proven exceedingly 

difficult. Rather than a geometric feature of the forms on the plane, the critical 

feature seems to be a certain balance in 
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2.13.   Fifty-six 
different versions of the 
letter "A." Le Scienze, 
1983. 

the relationship between the parts. Font designers have many ways of con-

structing letters that look novel and are nonetheless recognizable, yet they 

would have a difficult time listing all the parameters and the rules that they 

follow, if the consciously follow any at all. I challenge you to find construction 

rules that work for all 56 characters in Figure 2.14. It is a truly daunting task! It 

seems plausible that each letter is defined by a set of relationships that are kept 

constant under all the variations typical of different fonts. Presumably, it is this 

set of invariant relations that underlies the recognizability of the letters. Yet, we 

cannot pinpoint what this invariant may be. And the problem runs deeper than 

that, for there are actually two kinds of candidate invariants. Compare the 

examples of Figure 2.12 with those of Figure 2.14. As you can see, there are 

certain features that relate the same letters written with different fonts, but there 

are also certain features that relate different letters written with the same font. 

The former correspond to our ability to recognize the same letter despite the 

different font. The latter, our ability to recognize the font style in the different 

letters. This is perhaps an easier to identify and less abstract invariant. At least 

for certain fonts, it is relatively easy to note some graphic features that are 

typical and present in all letters. Nonetheless, this other dimension of potential 

invariance and variation adds to the complexities of the problem, running 

through all the possible formal modifications that one can conceive and 

generating an interesting contrast between opposing tendencies. 

Perhaps precisely for this reason, Hofstadter (34) has chosen character 

design to explore potential computational models of human creativity. When 

describing the process of character design, he wrote: "We characterize this 

power struggle as a fight between two forces: an incentric or centripetal force, 

which tends to pull the shape being created towards the center of the 
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2.14.   Different kinds 
of fonts. Handbook of 
early advertising art, 
Dover, 1947. 

intended letter-category (so that it is a strong instance of the letter) and an 

eccentric centrifugal force, which tends to push the shape away from the center 

of the letter-category (so that it better fits the desired style)" (35). It is this 

tension between centripetal and centrifugal forces that Hofstadter attempted to 

model, under the assumption that the tension captures the essence of the design 

process. His program shows some ability to recognize the 26 different letters 

written in different styles (36). Nonetheless, it is still far from creating new 

styles with inventiveness comparable to a human designer. Figure 2.15, a set of 

four fonts, presents an especially intriguing demonstration of the constraint 

(almost torture, I would say) character style can force on letter categories. 

DISASSEMBLING A FACE 

As a conclusion to this chapter, I would like to introduce readers to a graphic 

exercise that I will use at length in the second part of this book. These exercises 

do not require special technical abilities, but simply curiosity and the ability to 

take pleasure in observation. You will be able to complete them simply by 

drawing on paper with a pencil and by letting your perceptual system suggest 

what modifications will take you toward the solution. Sometimes a solution 

does not exist at all, but the aim of the exercise is not to make you find a 

solution, but to make you search for it. We recognize a good problem by 

wrestling with it, not by finding a solution. Thus, the exercises I propose are not 

necessarily the most elegant or consequential, but they will 
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2.15.   Four fonts, 
hand written on 
different matrices. From 
Fluid concepts and 
creative analogies, by 
Douglas Hofstadter. 
Copyright © 1995 by 
Basic Books, Inc. 
Reprinted with 
permission of Basic 
Books, a member of 
Perseus Books, L.L.C. 

help us to better understand the problems. The exercise I propose here deals 

with the notion that invariants are independent of specific forms, yet they 

pertain to relationships between an object's parts. 

Preliminary 

Take four equal segments and draw them on paper as follows: Two segments 

should be horizontal, and they should be collinear but separated by a small gap. 

Underneath them draw a third vertical segment, centered on the gap between 

the vertical segments. Now under the vertical segment, add a fourth line, drawn 

along the horizontal, centering it relative to the vertical one. The distances 

between the segments should be no more than their approximate full length and 

no less than one fourth of their full length; any value in between these limits 

will do. In Figure 2.16 I have reproduced three of the 

2.16.   Three possible 
drawn segments that 
satisfy the constraints of 
the problem. 
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possible presentations of the segments if they are drawn in accord with the 

given constraints. It is immediately apparent that the four segments can be 

perceived as a schematic representation of a human face. Their length and 

relative distances can vary to a certain degree without affecting the perceptual 

result. Most people, when looking at any of the segment groups in Figure 2.16, 

would refer to the upper segments as "eyes," to the vertical segment as a "nose," 

and to the lower segment as a "mouth." If we single out one of the segments for 

inspection, however, then we can no longer decide whether this is a nose, eye, 

or mouth. What gives the segments a specific identity is their reciprocal 

position, that is, their position with respect to the other segments. It is only 

because of these relationships that the segments can take up a name and a 

referent. If we change the orientation of the segments, as in Figure 2.17, one no 

longer perceives a face. Thus, we can say that the perceptual outcome of a 

schematic drawing such as the one in Figure 2.16 is the result of the reciprocal 

position of the segments and their orientation. In accord with the view that 

invariants become available when a stimulus is subjected to transformation, let 

us now apply a procedure of artificial transformation. We will consider a set of 

discrete snapshots from a sequence of images. 

2.17.    If the 
orientation of some of 
the segments is changed, 
the face is no longer 
perceived. 

Problem 

Take four segments drawn on paper as described in the first exercise. Find a 

closed form such that (a) it includes the segments without touching any of them, 

and (b) it destroys the perceptual impression that the four segments are a face. 

The problem is far from trivial. In Figure 2.18, I have presented three attempts, 

none of which works. In Figure 2.18A I have used a symmetric shape, having a 

broken contour made up of broken segments. Note that this shape is very 

different from the ovoid shape contour of a face. In Figure 2.18B, I have used 

an asymmetric form, again having a broken contour made up of segments, 

except that this time the segments do not form 90° angles. Finally, in Figure 

2.18C, the total form is again asymmetric, but the contour is curved. You can 

try many other solutions. In general, you will find that disassembling the face is 

not an easy task. To the contrary, each new form tends to add to the face a 

certain expressive component, as if each contour had the effect of conveying a 

sort of personality trait. Such is the power of the game of variations. Eventually, 

you may stumble on a solution that seems to weaken the face interpretation to a 

considerable degree, although it does not cancel it completely. This is probably 

the solution presented in Figure 2.19, the arrangement that has the contour 

penetrating in at least one of the spaces between the segments. Once you have 

discovered this solution, you may try other ways of insinuating the closed 

contour between the segments. Some are 

2.18.   Three failed at 
attempts at solving 
the problem. 
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2.19.   A possible 

solution: The contour 

penetrates the space 

between the segments. 

 

2.20.   Displacing the 

segments cause the face 

characteristics to be 

lost. 

 

 

2.21.   S. Dalì, Mae 

West, 1934. ©2000 

Arts Rights Society 

(ARS), New York. 

Anonymous, XVII 

century. France, 

L'homme de menage. 
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even more disruptive of your initial discovery, confirming your impression 

that what is needed to disassemble the face is some way of disrupting the 

formal unity of the four segments. You need to disrupt the articulation of the 

space between them. Thus, attempts at disassembling a schematic face provide 

strong support for the hypothesis that relations play a crucial role in creating 

the optical structure that one identifies as a face. There are several ways that 

one can test this hypothesis, but here is one. 

Test 

Take an ovoid form, similar to the overall shape of a human face. Now try to 

draw four segments inside the form, three of them horizontally and one of 

them vertically, but without any constraint on their reciprocal position. Pick 

positions at random. Does the ovoid contour suffice to produce the impression 

that this is a human face? You may want to try this systematically. Take the 

four segments from Figure 2.17 and start to move one of them, gradually 

increasing the distance. One could determine in this way the point where the 

face begins to loose its characteristics, as in Figure 2.20A. Then try to do the 

same while moving two or three segments at a time. Disassembling the face 

becomes increasingly easy. Note that you did not even have to change the 

orientation of any of the segments. Thus, the shape of the outer contour has 

little importance in determining the impression that a pattern represents a face. 

What is crucial are the relations between positions and distances. Variations 

are well tolerated as long as they respect these basic relations. In Figure 2.21, I 

have reproduced two faces that are easily recognized as such, even though 

their global shape, as well as the shape of their component parts, do not 

belong to a face. The examples come from different eras, and I have chosen 

them among the many works where the rethoric of communication shows off 

its skill in providing information. Heavily grounded on synthesis and 

metaphor, this communicative skill works because it knows how to respect 

invariants while exercising variation. The notion of invariant possesses 

notable theoretical strength, despite the lack of complete success in it 

application to the psychology of perception, at least in its most strictly 

geometric definition 

 

 

 

Chapter 2: Invariance and Transformation   47 



CHAPTER 3 
THE ELUSIVE CONTEXT 

 

 
his chapter discusses information provided by complex patterns. For 

simplicity, I will call these patterns "scenes." Scenes are images con-

taining elements that occur in specific relation to each other, creating 

figural unity. Each element of a scene contributes to the overall meaning of 

the scene through its individual meaning and its figural characteristics. At the 

same time, the global properties of the scene contribute to the meaning and 

characteristics of each local component. Borrowing from linguistics, these 

reciprocal relationships often are defined using the term context, and the idea 

that contextual information removes ambiguity from the scene's individual 

elements is similar to the linguistic notion that ambiguous words become 

unambiguous through linguistic context. In the pages that follow, I introduce 

and discuss examples of representational graphics that will help us identify 

the critical theoretical concepts necessary to understand information in 

complex scenes. A graphic exercise will lead us to the discovery that the 

mode of presentation changes the perceptual processing of the presented 

material and, therefore, also the availability of information. This will take us 

to the conclusion that, far from being an explanation, the context often 

remains an unsolved problem. 

 

THE ROLE OF CONTEXT IN THE DYNAMICS 

OF INFORMATION 
 

Most people appreciate importance of context when they try to understand 

how verbal communication can be possible. Verbal context is particularly 

important when meaning relies on establishing relationships between pieces 

of discourse. After closer scrutiny, however, it becomes apparent that the 

putative role of context, far from providing an explanation of verbal com-

munication, actually creates a problem. Thus, language is an excellent way to 

start our discussion of context. Language, of course, can be either written text 

or spoken discourse. For simplicity, I will focus here on the first case. Text 

acquires meaning through well-established rules, which in turn are based on 
48 

T 



 

The workings of faster, automatic, lower level perceptual processes. The no-

tion of context derives from the apparent fact that, in the world as well as in 

our experience, things usually work together. It is extremely rare that objects 

or events stand alone. For this to happen, a person must perform a deliberate 

cognitive operation to isolate the object from its surroundings. This is similar 

to what happens when we draw a lone tree, person, or word on a blank sheet 

of paper. In this case, the meaning of the object or word encompasses a much 

larger set of possible meanings; it is much more ambiguous than a situation 

in which the object is part of a scene or the word is part of discourse. In a 

dictionary, because each word is presented without a context, one finds not a 

single meaning, but a list of many (possibly all) meanings that the word can 

take. When instead a word is part of a complete sentence, the number of its 

possible meanings shrinks, usually to one possible meaning. An interaction 

occurs between the target word and the other words in the sentence. This 

interaction has the effect of restricting the semantic area of the target word. 

The connection between the words, as they form a meaningful sentence, al-

lows for only a few of the target's meanings to surface. Thus, if I say "the 

lawyer sued the board," few people would think that legal action was taken 

against a piece of wood, even though the word could have that meaning. The 

usual view of this context effect is a sort of quantitative influence. All the 

other words, taken together, contain more information than the single target. 

For this reason, they attract the meaning of the latter toward their semantic 

center, and in this way they define the target word. Closer scrutiny reveals 

that this view hides an oversimplification, however. When using our own 

language, and more often when using an acquired foreign language, we may 

encounter a sentence made of words in which all but one are known to us. 

The sentence may remain obscure until we look up the unknown word in a 

dictionary. Among the many meanings found there, we choose the one that 

best fits the set of words in the sentence. But what is the context in this case? 

The unknown word, which eventually determines the meaning of the whole 

sentence, or the larger set of the words we already knew? On one hand, this 

larger set acquired a full meaning only after we looked up the unknown word 

in the dictionary. On the other hand, this larger set allowed us to choose an 

appropriate meaning for the word we did not know. just like an object in a 

scene, word in a sentence acquires its meaning primarily from the rest of the 

sentence, but it also contributes meaning to the sentence. Although most 

research on the effect of context has focused the first part this two-way 

interaction, the second part is equally worthy of attention. The tradeoff of 

information between constituent words and the sentence as a whole may be 

thought of as an imbalance that needs to be corrected by transferring meaning 

from elements to the whole, and then back. Think of a complex narrative, 

such as a book: Each element in the book is part of a larger set of elements, 

which in turn is part of an even larger set. A book can be considered an 

accumulator of information, which possesses a prominent communicative 

function, but has a communicative chain that at some point changes direction. 

When we enjoy reading a book, it is generally because we learn things that 

were unknown to us before. Nonetheless, this feeling of pleasure comes when 

we already know, at least in part, the topic of the book. In fact, books tend to 

be interesting, informative, and exciting only if they add new information to 

familiar domains. Conversely, when one reads about wholly unfamiliar 

topics, the initial impression is that the book is difficult to understand and 

therefore not very informative. I find 
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this paradox fascinating. In information-theoretic terms, a wholly unfamiliar 

book provides much more information than one that deals with familiar topics, 

yet this information is difficult to extract. Efficient extraction of information 

requires redundancy, and by evoking pieces of knowledge that one may already 

have, this redundancy is provided in part by the reader. In some sense, useful 

information in a communicative chain always travels in two directions. The 

book provides information about a part of the world only if one's knowledge of 

the world provides information about a part of the book. Thus, a good book is 

not simply a source of information, but also a device to activate pieces of 

knowledge that a reader already has. Similar things happen when looking at 

paintings, listening to music, or enjoying architecture. 

Try to follow the chain of nested elements that make up the communicative 

context of a book. We will find that a letter is part of a word, each word is part 

of the sentence, each sentence is part of a paragraph, each paragraph is part of a 

chapter, and each chapter is part of the book. The book is part of the overall 

culture of a certain period, which in turn is part of the overall history of 

humanity in the world. Thus, if we follow the path of contextual influences 

backward to its logical end, we should say that if the context confers meaning to 

the element, then the whole history of the world is needed to confer meaning to 

a book. If this were the case, however, the book would be essentially useless. 

On the other hand, a much more fascinating but more complicated hypothesis is 

that the world is important to understand the book, but the book can also 

contribute to make us understand the world. In a sense, the world can provide a 

context for the book, but the book also can provide a context for the world, 

depending on how we decide to consider the problem. Obviously, we can talk 

about context at different levels of analysis. At a high (that is, more general and 

more complex) level, we deal with large units of meaning, whereas at a lower 

level, we have units such as single sentences or scenes. 

FROM WORDS TO IMAGES 

Let us now begin our discussion of images. A useful place to start is with a 

simple line segment. A line segment can represent several aspects of reality, all 

different from each other. In Figure 3.1,I have reproduced two drawings, taken 

from Gibson (1) and Kennedy (2). Among the possible meanings that a line 

segment can have, Gibson listed a corner, an edge, an occluding edge, a thread, 

a crack, a profile against the sky, and the horizon. Referring to Figure 3.1 top, 

Kennedy noted that (a) the line segment corresponding to the profile of a hill 

behind the occluding edge of another hill; (b) the line segment corresponding to 

the profile of a hill against the sky; (c) the line segment corresponding to the 

three-dimensional corner formed by the roof at its top; 

(d) the line segment corresponding to the three-dimensional corner of the small 

wall in front of the house, which occludes the edge of the nearby hill; 

(e) a dihedral angle, forming a concave corner; (f) a dihedral angle, forming a 

convex corner; and (g) the line of contact between two abutting surfaces, for 

instance, the line dividing the door from the wall of a house. In all these cases, 

the scene in its entirety determines the meaning that each graphic mark will take 

on. But the role of context in the transmission and the collection of information 

is not always so obvious. To generalize beyond the cases that I have just 

described, we must avoid oversimplifications. 
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3.1.   Possible meanings 
of a line. In: 3.1a, 
Kennedy, 1974, A 
psychology of picture 
perception—Images and 
information, London, 
Jossey-Bass, (Reprinted 
with permission.) 3.1b, 
Gibson,].]. (1979). The 
ecological approach to 
visual perception. 
(Reprinted with 
permission) 

To this aim, it is important to identify the conditions (especially the visual 

ones) that promote redistributing information within a configuration. The idea 

is the following: In each communicative structure, be it text or picture, each 

constituent element provides a certain amount of information. The information 

provided is not the same for all the elements, however. Some are more charged 

with meaning, whereas others are less so (are more ambiguous). In some cases, 

the general meaning of the communication can arise in part because 

information is transferred from the more charged components to the more 

ambiguous. Because this transfer tends to happen more often from the whole to 

the parts, it is natural to think of the whole as context. Nonetheless, the opposite 

transfer of information is also possible. 

INSUFFICIENT INFORMATION 

AND CONTEXTUAL HELP 

In certain conditions, part of the information one is trying to communicate can 

become lost or degraded. If this part is not too large relative to the rest of the 

message, however, we can still recover the full meaning. Lindsay and Norman 

(3) proposed the example described in Figure 3.2a. Even after careful 

observation, the small signs of the figure are wholly incomprehensible. If 

someone told us that they are parts of the word "WORK," we still would not be 

able to recognize it. On the other hand, after a short time, one can detect the 

word in Figure 3.2b. The visible segments are exactly the same in the two 

figures. The difference, as Norman suggested, is that in Figure 3.2b, we have 

added a context and a reason. The inkblot provides a rationale for the parts 

missing from the word. But what has changed in the attitude of the perceiver 

between Figure 3.2a and Figure 3.2b? The increase in the information provided 

by the scene has taken place not because of a change in the visible parts of the 

word, but because of its insertion into a structured context consisting of a 

sentence with a complete meaning. The amount of available information now 

favors the choice of the one word (perhaps the only possible one) that is 

compatible both with the visible elements and with the context of the sentence. 

Cognitive psychologists have dubbed this a "top-down" process. In a top-down 

process, hypotheses about significant elements of an 
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3.2a.   Four segments 
with a meaning that 
cannot be grasped. In 
Lindsay, P. H., Norman, 
D. A., Human 
Information Processing: 
an Introduction to 
Psychology. 1977, New 
York; Academic Press. 
(Reprinted with 
permission) 

3.2b.   The four 
segments are now 
recognized as parts of a 
word. In Lindsay, P. H., 
Norman, D. A. (1977). 
Human Information 
Processing: an 
Introduction to 
Psychology. New York: 
Academic Press. 
(Reprinted with 
permission) 

 

observed object are formulated, starting with knowledge derived from context. 

Thus, these processes operate "from the top down towards the inferior stages of 

the process, looking for sensory data that are consistent with the relevant 

previous knowledge"(4). The standard model of human information processing 

suggests that top-down processes are not the only direction of the flow of 

information, however. The alternative and complementary direction is "bottom-

up," which begins with the acquisition of information through the sense organs. 

This initial reception stage is followed by a second process, responsible for 

extracting and coding the perceptually relevant features of the stimulus. Based 

on these features, a hierarchy of interpretations is elicited, working up gradually 

from the simple to the more complex. The outcome of this sequence is the 

overall meaning as constructed by cognition. There is now a substantial 

consensus that the two directions of information processing flow do not form a 

temporal sequence or a processing hierarchy, but that all stages can interact at 

many different levels (5). Although the meaning attributed to the segments of 

Figure 3.2a comes from the presence of the sentence presented in Figure 3.2b, 

this meaning can surface only because it is supported by the signs that were 

already visible in the first figure and because of the inkblot. Without those 

signs, we could not recover meaning. Therefore, even if degraded, sensory data 

nevertheless provide indispensable information. They support the conjecture 

that there may be a word partly hidden by the inkblot, that the word may have 

four letters, and that those letters should possess curved features. Based on these 

criteria, we can eventually decide which word is compatible with those signs 

and with the overall meaning of the sentence. A number of investigators have 

tried to understand the relationships that are established between words and the 

sentences they belong to or between objects and the scenes in which they are 

seen. Typically, this research has aimed to demonstrate that an appropriate 

context will facilitate the comprehension of a word or the identification of an 

object, whereas an inappropriate context will hinder performance. For instance, 

Friedman (6) presented participants with the image of a scene having objects 

that could be either consistent or inconsistent with the overall meaning of the 

situation. By recording fixations during eye movements, Friedman was able to 

show that inconsistent objects were fixated longer and more often than 

consistent ones. In addition, participants tended to note only changes of the 

inconsistent objects, whereas changes in the consistent ones tended to escape 

their attention. In another area of study(7), observers were shown scenes 
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Containing one object that was not consistent with the overall context (8). The 

results suggested that recognition was more efficient (in the sense that Both 

reaction times and error rates were lower) when the object was inserted in an 

appropriate context relative to when the context was inappropriate. 

Finally, Palmer (9) used three categories of target objects presented in 

common scenes, such as a kitchen. The targets could be either consistent with 

the context (for instance, a loaf of bread, inconsistent but similar in form to the 

consistent target (a letter-box), or both inconsistent and different in form (a 

drum). The results suggested that when target objects were inconsistent but 

similar in form and the presentation was brief, observers often reported seeing 

the consistent object instead of the inconsistent one. Presumably, this happens 

because the inconsistent object is coherent with the contextual information as 

well as the local information, given that the mailbox has a shape similar to that 

of the bread loaf. In the research described above, the objects were inserted in 

fully familiar representations of the world, yielding representations that were 

fully referential. In these representations, it is easy to define the context as the 

general meaning of the scene. One may wonder what would happen if, instead 

of familiar visual contexts, one looked at scenes that violate the usual 

constraints that regulate relationships between scene components. Surrealist 

painters of the 1920s, 1930s, and 1940s, as well as other painters from previous 

centuries (think of Bosch, Bruegel, or Arcimboldo), have studied and 

represented worlds in which anything can belong visually to anything else, 

without respect for causal relationships, physical constraints, or correct 

dimension. Although they possess a dreamlike quality, these represented worlds 

are no less real than other pictorial representations. In Figure 3.3, I have 

reproduced a work by Max Ernst and in Figure 3.4, one by Magritte, where 

each represented element stands in an unlikely relationship with the others. You 

may note that despite this fact, the 

3.3.   Max Ernst, 
Quiete, from La femme 
100 têtes. Paris: 
© Edition du Carrefour, 
1929. 
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3.4.   Magritte, 
Personal values. Paris: 
Edition Flammarion. 
(Reprinted with 
permission) 

depicted scenes possess a clear unity and a definite athmosphere. But what 

exactly is the overall meaning of the scene in these case? What is the context? 

And what function does it have? 

To understand the meaning and the fascination that these images possess, 

we need to look more carefully at the role of some cognitive processes, most 

notably, those involved in the human ability to segregate and integrate different 

stimulus components. These processes play a fundamental role in the perception 

of scenes, which is totally different from the perception of single objects. When 

they are part of a scene, objects contribute to a perceptual outcome consisting of 

a unitary, integrated set of components. This set is coherent and meaningful 

because of spatial and contextual relations between objects and backgrounds. 

For instance, some objects tend to occupy certain positions and usually are not 

found in other positions. Other objects possess a definite physical size and in 

this way provide scale to the other objects, thereby contributing to the overall 

meaning of the scene. The tradeoff between the activity of segregation and 

integration is critical to our ability to perceive scenes. Let us to share the 

suggestive intuition of Bateson that information is any difference that makes a 

difference (10). What this means is that the amount of visual information is low, 

when the stimulus that carries it is homogeneous or approximately 

homogeneous. To increase the amount of information, it is critical that the 

stimulus contains some differences, which is to say, there must be a lack of 

homogeneity. These differences form the basis for the segregation of the 

different parts of the stimulus field. The famous laws of unit formation 

proposed by Wertheimer (11) are precisely a list of factors that are involved in 

creating inhomogeneities. Figure 3.5 is an interesting case in point, attributable 

to Bregman (12). The figure portrays several dotted plane figures with contours 

having mixed curvatures. No observer can detect anything recognizable in this 

set of shapes. In Figure 3.6, on the other hand, one can readily see how the 

fragments of Figure 3.5 could be unified into five capital letters. Although this 

is not a scene in the conventional sense of the term, the two pictures effectively 

demonstrate that different parts of an image can be integrated in perception and 

that this integration is made possible by the presence of the dark inkblot. The  
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visible fragments have all the same shape and dots. The inkblot works in part as 

context (top-down processing), unifying into a coherent whole all the empty 

spaces between the different pieces of the letters. In Figure 3.6, those spaces are 

assimilated to the white background. Because of the inkblot, the visual field is 

segregated phenomenally into three different layers: the inkblot itself, on the 

closest depth plane; the dotted "Bs" in the intermediate plane; and the white 

surface of the sheet underneath everything else. The inkblot also affects local 

information (bottom-up processing), however, especially regarding the 

relationships between contours. In Figure 3.5, all the contours of the "B" 

fragments simply border the dotted areas, separating them in common regions. 

In Figure 3.6, on the other hand, these contours intersect those of the occluding 

inkblot, which are all connected by continuity direction. It is as if those portions 

of contour no longer belong to the "B" fragments, which are thus left free to 

continue and unify underneath the inkblot. Thus, despite the fact that the visible 

fragments are not modified when going from Figure 3.5 to Figure 3.6, an 

interaction is established between the intersections with the contours of the 

inkblot and the segments. This interaction is precisely "the difference that makes 

a difference," presumably because it activates some critical features of the 

integration and segregation processes in human perception. Given the crucial 

role of the interaction between contours in the demonstration of Figures 3.5 and 

3.6, it is important to study the function of graphic communication in terms of 

contour changes that produce modifications in the interpretation of other 

contours. In Figure 3.5, the visible contours elicit primarily segregation 

processes that are responsible for separating the visible fragments from the 

white background. The only unification process in this figure concerns not the 

relationships between the fragments, but only the closed contour within each of 

them, which generates a closed dotted area. In Figure 3.6, on the other hand, the 

conditions favor both the unification of separated fragments and the segregation 

of each thus-formed "B" shape from the others and from the superposed inkblot. 

In Figure 3.6, there is more information, because there is more inhomogeneity. 

What we call information is thus the product of an interaction between a certain 

state of affairs in the world and the existence of an observer with a cognitive 

system that works in certain way. Therefore, what information is picked up and 

processed in any given situation is never only a function of the stimulus 

conditions but also depends systematically on the workings of the cognitive 

system that processes them. And this conclusion must be true of the context as 

well, if and when the global stimulus conditions act as a context. 

3.5.   A. S. Bregman. 
(1981). Irregular, 
meaningless figures. 
From: Asking the "what 
for" question in 
auditory perception. In 
M. Kubovy, J. R. 
Pomerantz (Eds.) 
Perceptual 
Organization. Hillsdale, 
NJ: Erlbaum Associates. 
(Reprinted with 
permission) 

 

WHAT CHANGES THE ROLE 

OF VISUAL ELEMENTS? 

Our ability to identify objects effectively overcomes five challenges to our 

perceptual abilities (13). We can identify objects despite the fact that (a) they 

may be at different distances and in different positions, (b) they can take on 

different shapes, (c) the input may be impoverished, (d) they may be very 

specific (nonprototypical) exemplars of a given category, and (e)they may be 

part of scene. In discussing the last issue, Kosslyn noted that we can identify 

several objects at once, during a single fixation (14). It is as if we had the ability 

to perform a sort of multiple fixation and to do this automatically: 

 

 

3.6.   The meaningless 
images in Figure 3.5 are 
now perceived as part of 
letters. 
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"Context would not affect identification if one did not identify more than a 

single object reflexively" (15). For the purpose of our present discussion, the 

most interesting problem is the formation of meaning in a scene containing 

elements that violate our normal expectations concerning the positions and 

especially the dimensions of the represented objects. A powerful example of 

this was presented in Figure 3.3. These cases are interesting because in graphics 

one rarely sees objects depicted in their true dimensions. The reasons for this 

are obvious, but the intriguing fact is that, despite the incorrect pictorial 

dimensions, graphics nonetheless transmit some information about the size of a 

depicted object, often correctly and sometimes with interesting deformations. 

Depicted dimensions are presumably codified based on the ratios between the 

physical sizes of all the objects present in the scene. If the ratios of the sizes in 

the depicted objects are the same as the ratios of the sizes of physical objects, 

then we have a kind of invariant information that can establish relative sizes in 

the picture. If, however, the physical ratios between the objects are not mapped 

correctly on the depicted ratios in the scene, then one might expect that the 

meaning of the image would be modified, at least in those aspects that pertain to 

the perceived size of the elements in the scene. This is an interesting issue, for 

context plays an indispensable role in suggesting the depicted size of objects to 

viewers, especially when these objects have sizes that are different from what 

would be expected. The depicted sizes clearly cannot depend on the pictorial 

sizes of the outlines on the drawing. Rather, to suggest size, the pictorial sizes 

must stand in certain ratios to each other, establishing certain dimensional 

relationships between the depicted objects. 

Consider, for instance, the problem of depicting the size of a human figure. 

Suppose that you want to represent three versions of it: Lilliputian, normal, and 

gigantic. The representation of "normal" is the easiest. All one must draw is a 

human figure on a neutral surface. This could be a small sheet of paper on 

which the figure is much smaller than the person it depicts, or it could be a 

fresco on which the figure and the person depicted could be the same size. In 

both cases, the figures will be interpreted as people of normal size. This 

interpretation can be further reinforced if, along with the human figure, you 

draw some familiar objects at well-specified represented distances. In this case, 

familiarity and the set of projective relationship collaborate to suggest the 

proper size of the person depicted. Things get more complicated as one tries to 

achieve something slightly different, for instance, depicting a familiar figure 

with a disproportionate and unfamiliar size, such as a Lilliputian or a giant. In 

this case, it is natural to think that you must provide a context or a framework. 

The context provides a frame of reference, and against this frame the visual 

system can estimate the depicted size of the object. But things do not go as 

smoothly as one would think, for the visual system does not have rigid rules for 

deciding what acts as a context in any given situation. In fact, the final 

interpretation of the picture can vary depending on the meaning of the objects 

that are added to the context. For the sake of illustration, let us go back for a 

moment to Magritte's painting in Figure 3.4 in which objects such as a comb, 

glass, shaving brush, soap bar, and match appear exaggeratedly big in a room 

that looks more or less normal. Why are perceived dimensions modified in this 

way, and not in the opposite way? If we modify the correct ratios between sizes 

of elements in the scene, we should indeed expect a change in the corresponding 

perceptual meaning. But in what direction should the change be? Why don't we 
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see a small room with normally sized objects in it? Or a compromise between 

these two alternatives? 

Based on this example, it would seem that the visual system assigns the 

role of framework to the container, so that the contained objects are evaluated 

in reference to that framework. But this is an oversimplification. To gain a 

better insight on the rule that seems to govern perceived sizes in pictures, let me 

follow two different paths: the first is based on a comparison among different 

figures; the second is based on a partial disassembly of a single image. The 

representations that will be considered have two common characteristics: (a) 

they show well-known objects; and (b) inside each scene, some of the objects 

do not respect the usual hierarchy of known size. In Figure 3.4, there are 

disproportionally big objects, such as the comb and glass, that coexist with 

objects of normal dimension, such as the bed or the wardrobe. The first objects 

have dimensions that are inconsistent with the room; the second objects agree 

perfectly with it. Such images are often met in illustrations for fairytales or 

adventure novels, and especially in classics by Rabelais and Swift, who wrote 

about fantastic worlds in which inhabitants and objects are disproportionally big 

or disproportionally small with respect to our own experience. 

Let us pass over the images with which those books have been illustrated, 

sometimes by famous artists, and consider instead two authors whose works 

have not been inspired by books: Rene Magritte and Heinrich Kley. Both pro-

duced, with continuity and originality, images in which the objects depicted 

inside the scene are in conflict with each other. Magritte, with his almost 

metaphysical surrealism, often depicted both natural (landscapes) and artificial 

(interiors) environments that host peaceful, everyday objects that are 

dramatically distorted either because they are too big or, more seldom, because 

they are miniaturized (see Figures 3.4, Personal Values; 3.7; Listening room; 

and 3.8, Train), It is as if Magritte wanted to induce in the observer a sensation 

of uncertainty and of betrayal about his or her own knowledge. The effect is 

reinforced by a realistic technique and by a controlled use of geometric 

perspective. In addition, he often introduced another incongruous feature, by 

modifying the material aspect of an object, such as when an 

3.7.   Magritte, La 
chambre d'ecoute. Paris: 
Edition Flammarion. 
Cedex 06, France. 
(Reprinted with 
permission) 
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3.8.   Magritte (1938), 
Time transfixed (CD-
ROM, see endnote 16). 

apple, one of his favorite subjects, loses its soft green appearance to take on the 

hard appearance of stone. 

Kley, in contrast to Magritte, did not use the environment as the de-

termining scheme of reference. The scenes painted by Kley are occupied, 

almost exclusively, by human or animal figures. The environment is essentially 

absent. Kley presented a variety of figures having contrasting sizes. This tends 

to cause his characters to appear abnormally large or abnormally small. Thus 

Kley's characters fight against each other to attain a "normality" status. 

However, none of them manages to attain it in the absence of an environment 

that could work as a frame of reference. Thus, disorientation is engendered in 

his because one cannot define which element acts as a reference. When, due to 

our tendency to normalize, groups of figures assume the role of environment, 

both big figures, as in Springtime (Figure 3.9), and small figures, as in Pulex 

irritans (Figure 3.10) become schemes of reference. 

Kley's drawings are sarcastic and irreverent. He used his extraordinary 

graphic skills to project the stungy and fickle moral dimensions of his char-

acters using the unexpected dimensions of their bodies. 

Consider Table 3.1 arranged with nine rows and nine columns, in which 

three types of figural features (people, objects, environments) appear against 
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3.9.   Heinric Kley, 
Springtime. From More 
drawings by Heinrich 
Kley (1962, New York) 
Dover. (Reprinted with 
permission) 

three levels for dimensions (big, normal, small). The cells marked with a circle 

indicate cases in which dimensional discrepancies are not possible. 

Grey cells mark all the cases in which dimensional inconsistencies between 

elements within the scene are possible. The catalogue of Magritte's works 

which we refer to, considers 319 paintings, 30 of them showing cases of 

incongruity or of dimensional opposition (Table 3.1a). 

From Kley's catalog, which consists of 158 drawings, 20 pictures were 

chosen showing deliberate dimensional incongruities (16). In Tables 3.1a and 

3.1b the frequency of different kinds of dimensional incongruities are reported 

in relation to the overall number of cases found for each artist. The following 

interesting aspects appear from the analyses and comparison 

3.10.   H.Kley,Pulex 
irritans. From More 
drawings by Heinrich 
Kley (1962, New York) 
Dover. (Reprinted with 
permission) 
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Table 3.1a 

of the two tables: Each artist uses only a small number of all the possible 

incongruities. Among those chosen, the author prefers one in particular that 

absorbs a great part of his production in this kind of depictions. Concerning 

Magritte, the preferred incongruity consists in the contrast between normal 

sized environment and a big object (19 paintings out of 30); for Kley the focus 

is the contrast between big people and small people (10 works out of 20). 

At this point, some important issues arise; to expose them we will refer to 

the painting Listening Room by Magritte (Figure 3.7), which can be defined as 

the prototype case of dimensional incongruities. From a theoretical point of 

view, an image like this lead to three possible perceptual assumptions. One 

could see a normal-sized room and a huge apple; a normal-sized apple and a 

tiny room, like a dollhouse room; or a room that has been shrunk an apple 

enlarged until their dimensions become equivalent. As we said, these are 

theoretical solutions because in fact only one is actually seen—the first. Why 

this happens is not easy to determine, but one can hypothesize. One might think 

about an automatic process, which like many visual processes must be rapid, 

giving a percept without examining all the possible solutions. In this specific 

case, the automatic process would assume by default that the environment is 

stable and that the container works as a scheme of reference 

Table 3.1b 

 

 

60   The Psychology of Graphic Images 



for what is contained. This result appears to be in agreement with the idea that 

our moving and acting in the world succeed because we make allowances for 

the stability of the environment. An aspect that should not be overlooked is that 

the environment is a much richer source of information than a single object. In 

fact, most often inside an environment one can find data concerning the scene's 

relationship with the horizon, its texture gradients, and other depth clues. The 

information we can gather from objects concerns the ability to recognize them, 

and thus we rely on the experience we have about them. Keeping in mind the 

three aspects considered in Table 3.1 (environments, people, and objects), we 

can see that in our experience, environments are dimensionally more stable than 

people and that people are, in turn, more stable than objects. Consider now 

Kiev's works, in which generally only people are depicted. One can notice how 

difficult it is to recognize the frame of reference or, in other words, what exactly 

the characteristics of a normal-sized object are. It often happens that the large 

people make the small ones look even smaller and that these, in turn, make the 

large figures look even larger. In Magritte's work, there is always a part of the 

image that looks normal in its dimensions with respect to other parts that appear 

outsized. In Kley's work, by contrast, all the figures appear somewhat distorted 

in their dimensions, almost as if dimension normality were an abstract reference 

of the observer. 

In light of these considerations, two ways of organizing an incongruous 

image arise: by means of inclusion (the method preferred by Magritte) or by 

means of matching, as in Kley's work. The first case appears quite strong and 

unexpected, the second weaker and more indirect. To verify the tenability of 

this opinion, I deliberately manipulated one of Magritte's paintings by 

eliminating the environment surrounding the objects. I chose Personal Values 

for this exercise because it shows objects for which actual dimensions are well 

known, such as a comb, glass, wardrobe, or bed. The wardrobe and bed are 

inside the room and congruent with it. They appear to be normal in size, 

whereas the comb and glass look enormous. Without the room, the comb and 

glass still look big, but the wardrobe and the bed look smaller than normal and 

ambiguous in relation to the other objects, similar to images in the works by 

Kley (Figure 3.11). In this case, the dimensional dissonance comes from 

matching between two contrasting dimensions of human body. As a matter of 

fact, if we aligned all objects on the same plane we would see that wardrobe, 
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3.11.   Magritte(1938), 
Personal values. Image 

processed by the author, 

in which the room cues 

have been deleted. 



comb, and glass hold the same height, and the incongruity disappears because 

they now look like simple drawings of objects. The context, if we accept that 

the term can be of any use to us, is usually thought of as being the container, the 

background, and usually the larger part of an image. But Figure 3.10 indicates 

that this is not the case, for in this picture it is the nude that occupies the larger 

part of image. On the other hand, it seems misleading (and circular, at this 

point) to say that in this case the context is played by the seven other characters. 

These examples force us to the conclusion that the notion of context, instead of 

helping us understand the phenomenon, makes our lifes more complicated. 

These examples strongly suggest that the notion of context should be 

abandoned, in favor of a more articulated hypothesis. 

PLAYING WITH THE RULES OF WRITING 

To a cognitive psychologist, the human mind is a complex mechanism that 

extracts information from the surrounding environment using its perceptual 

system. But the nature of this extraction of information depends in nontrivial 

ways on the nature of mental processes, for there is no information transfer that 

is independent of the processes that take place at the receiving end. Such 

transfer is the outcome of a rather complex encounter between a physical state 

of affairs and an organism that can be modified in some way by that state of 

affairs. Often, one has the impression that discussions of information are 

burdened by a serious dichotomy. On one side is information—something 

inherent to things and events in the world; on the other side are organisms— 

entities capable of extracting and processing information. But this is not the way 

things are. Information cannot be separated from the organisms and processes 

that extract it. Its properties result only as a consequence of cognitive processes. 

I offer here an exercise that aims to understand the relationships between the 

perceptual processes involved in reading text and the information that is 

acquired during reading. I will show that when the rules of text presentation are 

changed, the information that is acquired through it is modified accordingly, 

even if the text is not changed at all. In addition, I will use this exercise to 

reiterate my general point in this chapter: Context as a general interaction 

between parts of discourse does not help elucidate this type of effect. In all 

Western languages, text is constructed by juxtaposing letters of an alphabet to 

generate words, and words to generate sentences. The juxtaposition is 

directional, in that the order of reading is always from left to right and linear, in 

a spatial sequence that reflects the temporal sequence of spoken language. 

Linear and unidimensional sequencing is the constraint that allows for fast, 

productive insertion and extraction of information in or from spoken or written 

discourse. For this exercise, I cannot change the sequential order of reading; 

however, I can artificially stipulate new rules for putting written words in 

sequence, so that this sequence conflicts with the natural sequencing of reading. 

It will be instructive to observe how information extraction and use will change 

as a function of these changes in the sequence of writing words. In the exercise, 

I propose using the standard letters of the Latin alphabet and adopting the rules 

of English grammar and syntax. Contrary to common usage, however, I propose 

we agree that the writing of words be done according to the following rule: 

Once the first letter of the word is written, the second letter must be added to the 

left of the first 
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letter, whereas the third letter must be added to the right of the first letter. 

Additional letters must be added according to this left-right rule. Thus, the 

fourth letter must be written to the left of the second and first letters, whereas 

the fifth letter must be written to the right of the third and the first letters. 

Suppose the word to be written is HOME. According to the new writing rule, 

the word must be written EOHM. Each word thus is written from the center to 

the periphery, regularly alternating one letter on the left and one letter on the 

right. This regular alteration yields a spiraling reading sequence, as shown at 

the top of Figure 3.12 which presents the word TOGETHER with the spiral that 

traces out the spiraling path through the letters. Now the direction of the arrows 

can be inverted from clockwise to counterclockwise, without changing the 

outcome of the reading process (see bottom of Figure 3.12). 

Reading text written in a spiraling sequence is hard for at least three 

reasons. First, one must determine the first letter of the word, which is written at 

the center and is much less clearly marked. Second, the spiraling reading 

sequence means that one must jump from left to right continuously to acquire 

the letters in the appropriate order, and these jumps become increasingly large 

as the words gets longer. In the ordinary linear writing sequence, the distance 

from one letter to the next is always the same independently of the length of the 

word. The cognitive resources needed to group together contiguous letters is 

therefore also constant. In the rule that we are analyzing here one must invest a 

continuous attentional effort to combine contiguous letters during reading of the 

word. Third, because of the spiraling sequence, one must invest memory 

resources to remember previously read letters, so that one can locate the next 

one on either side of the first letter. Attempting to read the word presented in 

Figure 3.12 makes this difficulty concrete. These three problems have to do 

with the way the human mind works. Thus, they provide three convincing 

reasons that such a spiraling writing scheme cannot exist and why all writing 

systems use a linear sequencing system to lay down the signs that are used for 

the notation of words. Of course, a linear sequence can proceed from left to 

right but also from right to left or from the top to the bottom, and all these 

solutions exist some languages. For reasons, not pursued here, the bottom-to-

top sequence is less natural and is not used in writing systems. As we have 

already said, the constraints on the human information-processing system 

impose certain organization to the data reaching our sensory systems. This 

organization effectively defines certains chunks of information, in reading as in 

any other human cognitive activity. In the spiraling writing sequence, however, 

these chunks are of little utility for the purpose of reading or of understanding 

the meaning of the written words. But this is the case not because changing the 

order of the sequence has robbed the written material of its information, but 

because this information can no longer be picked up by the human cognitive 

system, and it therefore becomes useless. A spiraling sequence in writing 

neutralizes the action of two fundamental laws of psychological unit formation 

(17), proximity and continuity of direction; these laws play a fundamental role 

in promoting speed and effortless decoding of characters in reading. To become 

automatically part of the same textual structure, letters and words must be close 

to each other and they must unfold in space and time according to a continuous 

directionality. An interesting consequence of such neutralization of spontaneous 

perceptual organization is what happens in the sentence of Figure 3.2, in which 

the inkblot could become a context that allowed for 

3.12.   The word 
"together" written using 
a spiral rule and 
rewritten using an 
inverted-spiral rule. 

3.13.   The four segments 
of Figure 3.2 are not 
recognized anymore 
when the sentence is 
written using the spiral 
rule. (Image processed by 
the author) 
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effortless reading of the words. If the sentence is written according to the spiraling 

sequence of our proposed exercise, as shown in Figure 3.13, then recognition is much 

harder despite the presence of the inkblot. 

One must keep in mind that with regard to passage of words, there are at least 

two types of context: a semantic context and a material context. The first concerns the 

meaning of the discourse, and it helps clarify or establish in what way a word must be 

understood because the same word can have different meanings. If one says, "I want 

to offer you a coffee" or "I'll wait for you at the coffee house" the word coffee refers 

to different things. The second type of context concerns the substance with which a 

discourse is made, whether it be writing or oral speech, that can be distorted. If a 

sound interferes with the words of a spoken sentence, it will disturb comprehension, 

but this does not preclude the possibility of recovering the sound of the lost words. As 

we saw in Figure 3.2, a written word can also be distorted, but the context can help 

recover the damaged letters. To recover from the context information that is useful to 

reconstruct the form and the meaning of an illegible word, the conditions provided by 

Wertheimer for the organization of visual information must be present. If we rewrite 

the sentence in Figure 3.2 according to the rules of a spiral distribution (see Figure 

3.13), we will not be able to recover the word hidden by the ink. In fact, the semantic 

information provided by the words is exactly the same, assuming that one knows how 

they are to be read. It is as if the construction of the context in this case required 

cognitive resources that are not available because they are already employed to deal 

with the extra effort needed to read the sentence written according to the new rule. 

Thus, they cannot be used to deal with the problem of comparing the partly occluded 

letters and the inkblot. When the reading process takes place automatically, on the 

other hand, the attentive cost for the system is minimal, and resources are free to deal 

with the occlusion. In this way, the automatic organization in perceptual units allows 

the reader to focus fully on the symbolic meaning of the words, without any conscious 

effort on the visual side. 

We have seen that the notion of context often is used to suggest that there is 

transfer of information from one part of an image or text to another. Such transfer are 

important components of cognitive activities, and they are still little understood. And 

yet, the real solution will escape us as long as we continue to invoke the notion of 

context as an explanation for such transfers, while ignoring that consideration of part 

or parts of the scene as the context is itself a problem that needs explanation. To 

complicate matters further, any definition of the information available in text or in an 

image must acknowledge that this information does not exist in a vacuum, 

independent of perceiving organisms, but rather is defined by the interaction of a 

physical state of affairs with the mind of the perceiver. By changing the rule for 

writing words and sentences, for instance, we have been able to observe dramatic 

changes in the type of information that can be perceived. 
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CHAPTER 4 
THE QUEST FOR BALANCE 

he focus of this chapter, as in the two preceding it, is on information in 

graphic communication. In chapters 2 and 3, the topic was addressed 

from the standpoint of its transmission and its receiver. In chapter 2, we 

considered how information coming from the external world can be conveyed 

by an image. Starting from the work of Gibson and his theory of perceptual 

invariants, we reached the conclusion that the notion of invariants can 

represent a useful tool to understand how visual information can be conveyed 

with graphics. In chapter 3, we tried to understand how information can 

circulate inside textual or pictorial material. We noted that different elements 

of these materials can interact, completing and defining each other, promoting 

viewer interpretation in a complex interplay that the notion of context can 

capture only in part. In this chapter, we address information from a different 

standpoint, that of the emitter. In the case of graphic communication, the 

emitter is the person drawing the image, and the problem we address here is 

that of understanding how the artist selects the elements that are included in 

any specific image. 

THEORETICAL PRELIMINARIES 

From a theoretical standpoint, each object of our visual experience can be 

represented in an infinite number of ways. Potential modes of representation 

depend only minimally on the personality or the skill of the artist and much 

more on the need to satisfy different communicative needs. Obviously, the 

same object must be represented in fundamentally different ways depending on 

the purpose of the drawing. For example, if one wants to explain an object's 

function, the representation would be different from a drawing made to 

enhance its aesthetic value. Given that the representation of an object is 

intimately linked to the communicative goal of the drawing, we must-suppose 

that different visual aspects will be stressed or overlooked as a function of this 

goal. Thus, the drawer always faces a number of choices 
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regarding what needs to be emphasized and what needs to be omitted, when 

working on the depiction of a scene. At first glance, the problem seems to be a 

practical issue with a ready-made solution that could be found in textbooks on 

drawing technique. But given the perceptual and cognitive implications of the 

problem, one realizes that this simplicity is superficial. To talk about 

representational choices in drawing in a principled way, we need a theory of 

representation. A full theory, in all its philosophical implication, is beyond the 

scope of this book. Nonetheless, I cannot dispense with at least a minimal set of 

theoretical concepts. 

Realism 

The first concept is the idea that we are part of an external world that exists 

independently of a mind that observes it. There are several arguments in favor 

of a realistic stance, but no logical proof or empirical evidence for it. Thus, 

realism is theoretically a postulate, but its importance in the theory of graphic 

representation cannot be overlooked. 

Phenomenology 

The second concept, which is closely linked to the first, is the idea that a valid 

and generalizable description of reality can arise from the direct contact of 

observer with the observed object. The roots of the phenomenological stance 

are clearly recognizable in the words used by Merleau-Ponty to illustrate the 

meaning of his philosophy: 

It is also a philosophy that presupposes a world being always already there, prior to 

philosophical speculation, as a presence that cannot be ignored (1). 

Drawing may be considered as a particularly efficient analog of phe-

nomenological description because graphic communication does not require the 

transfer of information between different cognitive modalities, as is the case for 

verbal descriptions. Drawings use visual means to convey visual experience. 

Multiplicity of Representation 

The third concept is the idea that there are multiple potential ways of rep-

resenting the world. Multiplicity of representation, however, should not be 

confused with multiple worlds, a position put forth by Goodman (2), who 

proposed that each new way of representing entities (through science, art, or 

folk wisdom) actually creates a new world with its own rules and properties. 

His conception of multiple worlds led Goodman to an ambivalent attitude 

toward perception. In his assessment of perceptual processes, he gave great 

importance to high-level perceptual processes, whereas he considered low-level, 

early mechanisms unimportant. For instance, he said: 

The final conviction of perception without conceptualization, of pure data, of 

absolute immediacy, of the innocent eye, of substance as substrate, has been 

achieved so many times and in such a complete way—by Berkeley, Kant, Cassirer, 

Gombrich, Bruner, and many others—that there is hardly any need to argue for it 

again here (3). 

But this position ultimately denies any cognitive importance to perceptual 

processes that are primary, automatic, inevitable, common to all of us, and 

independent from and impenetrable to knowledge and belief. These perceptual 

processes are responsible for such fundamental achievements as figure and 

ground segregation, the unification of elements that possess certain 
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properties, depth perception, and the visual understanding of causality 

relations. 

Common World 

The fourth concept is the idea that the early stages of perception are genetically 

hardwired. As such, this part of perception grounds any kind of symbolic activity 

by presupposing the actual existence of matter and of a world comprising both 

perceiving organisms and perceived objects. If this world did not exist, then there 

would be no possibility of communication. Conceptualizations would be 

completely free of grounding on a substratum common to the sender and the 

receiver of a message. In a state of complete freedom the human conceptual 

system could continually establish new and unpredictable processes of primary 

perceptual processing. If, as Goodman suggested, human cognition is a creative 

process that produces reality, then one can think of as many worlds as there are 

symbolic products of mind processes. If one is concerned with communication as 

we are here, however, then it must be recognized that communication is not 

possible unless there is a substratum of common experience, and there is no 

common experience unless there is a common world that perceivers share. By 

and large, whenever an observer is exposed to a certain set of stimuli, a certain 

set of perceptual outcomes results. Goodman proposed that not only 

multiplicities, but also oppositions of different worlds coexist. But this proposal 

makes sense only if these are multiplicities and oppositions within the same 

world, for only in this case would diversity exist within a common context that is 

available to all. To communicate means to have a world in common. 

Information Overabundance 
The fifth concept I would like to stress is the idea that visual information 

concerning any given part of reality is overabundant. Thus, the task of a 

perceiving organism is, among other things, to tackle this surplus of infor-

mation. Presumably, different aspects of the available information will need to 

be selected or combined as a function of the current goals of the organism. In 

this view, derived mainly from the ecological optics of J. Gibson (4), visual 

information available in the optic array should be conceived as potentially 

limitless. To appreciate the full theoretical impact of this way of thinking about 

visual information, it is useful to discuss the distinction between two different 

approaches to perception: the direct and the indirect (5). 

According to proponents of direct perception, the information available in 

the spatial and temporal structure of the optic array specifies the properties of 

visual objects and events. In any given optic array, light rays reflected by the 

edges and the vertices of objects converge toward one potential viewpoint. 

Because of the spatial structure of the world, the spatial structure of these fight 

rays conveys information to a perceiver that could occupy that viewpoint. 

When the perceiver moves with in the environment, he or she occupies 

different viewpoints in sequence, and the resulting temporal structure (which 

Gibson dubbed "optic flow") conveys even more information by revealing 

features of successive arrays that remain constant over time; these are the 

invariants that were discussed in chapter 2. If we accept that these invariants 

exist and that the visual system is equipped to register them, then perceptual 

properties—such as rigidity, collinearity, and convergence of edges toward the 

same point—do not need to be inferred; they can simply be picked up by the 

visual system from the available information. In an important 
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development of the Gibsonian position, Cutting (6) proposed that not only is 

each perceptual feature of the world specified by visual information, but that for 

many of these features, there are actually several different sources of 

information available at the same time. According to this approach, which 

Cutting called "directed" perception, the world is extremely rich in sources of 

information, and the visual system has the job of selecting or integrating them 

according to the visual task at hand: 

Human perceptual systems, like all complex biological systems, are eclectic and do 

their best in different ways under different circumstances. In perception this means 

that perceptual systems may use different sources of information at different times, 

even when performing the same apparent task and when all sources equally specify 

the object or event perceived (7). 

The position that Cutting defended is especially important for our dis-

cussion of communication through graphics. When working at the represen-

tation of a given part of reality, the person drawing is continuously involved in 

choosing among several potential ways of conveying information and in 

deciding which are to be exploited and which should be omitted. This game is 

one of the main sources of difficulty for the drawing professional but also one 

of the most intellectually stimulating and entertaining parts of the job. 

Representational Domain 
The last concept is not a theoretical issue but a practical one. For the purpose of 

our discussion, I have decided to limit the analysis to representational drawing, 

that is, to graphic products aimed at representing scenes and objects that an 

observer can recognize. These can also be objects that do not exist, as long as 

they are objects that an observer apprehends as entities that could be the object 

of direct perceptual experience. In this sense, even representation of a mermaid 

or unicorn belong to the category of figurative drawing. 

ASPECTS OF COMMUNICATION 

Armed with this minimal theoretical apparatus, we are now ready to discuss the 

working of the communicative process. According to the classical model of 

Jakobson (8), the process of communication can be conceived as the following 

sequence emitter: → code → message → code → receiver. This sequence is 

inadequate to describe communicative activity in full, however, because it does 

not include an important dimension that we will call shared knowledge. To 

some extent, shared knowledge has to do with the activities of codification and 

decoding, but it requires something more than just a code, as is the case, for 

instance, with language. Shared knowledge implies a number of different 

subcodes, such as technical jargon, mathematical symbol systems, the ability to 

direct the focus of attention on some specific aspect of the real world, or the 

ability to navigate between the different specialistic contents of a scholarly 

domain. It seems reasonable to suppose that the amount of information 

effectively available for human communication depends, all things being equal, 

on the amount of knowledge shared by emitter and receiver. For example, two 

friends discussing the metaphysics of Aristotle or how the clutch of a car works 

will be able to exchange much 
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4.1.   A three-
dimensional model of 
the communication 
process. 

more information if they both already know Aristotle or what a clutch is. Here 

we will call the proportion of information that depends on shared knowledge 

the "communicative efficacy of information exchange." 

In Figure 4.1, the process of communication is represented in a three-

dimensional graph. The dependent variable is hypothesized to be some measure 

of the efficacy of communication. Its potential variation is represented as a 

function of two independent variables, the amount of transmitted information 

and the amount of shared knowledge. The x-axis corresponds to the amount of 

transmitted information that, for convenience, could be conceived as ranging 

from "insufficient" to "excessive," with some intermediate point that serves as 

the optimal amount. The y-axis corresponds to the magnitude of communicative 

efficacy, that is, the amount of information that can be actually used by the 

receiver. Finally the z-axis represents the amount of knowledge that is shared by 

the emitter and the receiver. Note that communicative efficacy increases as the 

amount of shared knowledge increases. 

If the model in Figure 4.1 is correct, then the psychological mechanism 

behind human communication is much more complex than Jakobson described. 

Its complexity is due to the coding process, which in human communication can 

take at least two different forms. In the first coding mode, the linguistic mode, 

the code is independent from the processes that control its production. In the 

second coding mode, the perceptual mode, the code is internal and inseparable 

from the processes that control it. For instance, a verbal message can be coded 

by different speakers, for example, a native speaker of English and a native 

speaker of Italian. The outcome of the coding process is wholly different, 

despite the fact that the processes that control the production of the code are the 

same—the parts of the mind that are responsible for the production and the 

organization of verbal materials. This is so true that the emitter and the receiver 

must reach an agreement as to what code should be used in each case. If one of 

the two ends of the 
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process does not know the code used by the other, then the message remains 

incomprehensible. In the case of graphic communication, the code is intrinsic to 

the coding processes. There is no choice between different codes because the 

code is already implied by the working of low-level perceptual processes, the 

processes that Fodor (9) called the "system of inputs." There is ample evidence 

that these processes yield essentially the same perceptual outcomes in 

essentially all human observers (with the exception of minor individual 

variations or pathologies). Thus, the message conveyed by an image is 

profoundly different from a verbal message. When presented with the 

representation of a human body, even if produced in different epochs and by 

different cultures, observers will generally perceive a human body. When 

presented with words such as ombre, shadows, uomo, and man, a reader will not 

understand them unless he or she knows the relevant language. Again, we 

recognize the importance of the notion of invariants. All the representations of 

the human body presumably capture some invariant features that the perceptual 

system is capable extracting automatically. Words, instead, may only share 

etymological roots (depending on possible common origins of different 

languages) that may or may not be recognizable. Representational conventions 

in different cultures may be different, but they are always grounded in the same 

fundamental processes. For this reason, it is difficult to encounter images that 

are completely unintelligible. In a densely illustrated book, one needs to 

translate the words, but not the images. 

Geometric patterns are an especially interesting domain of visual com-

munication. Basic perceptual processes, presumably due to genetic prewiring, 

allow us to appreciate their communicative content and aesthetic value even 

without any specific training (10). When used as decoration, geometric patterns 

tend to be confined to a fixed set of figures, usually schematizing features of the 

natural world such as leaves, flowers, or animals. The modes of representation 

of these figures is often similar across different cultures. Accordingly, most 

observers can derive aesthetic pleasure from attempts to represent the world, be 

they Japanese, African, Aboriginal Australian, or prehistoric. In contrast, 

observers from different cultures typically encounter difficulties when they try 

to understand the symbolic meaning of such depictions and their sociocultural 

functions. Adequate understanding of these aspects is reached only if the 

observer shares an ample degree of social knowledge with the emitter of the 

graphic message. In understanding images, shared knowledge puts the system 

on a higher position of the z-axis of Figure 4.1, but this is not true of verbal 

communication in which there is no shared process unless there is a common 

language. Thus, for many kinds of content, language can be the most efficient 

tool for communication, but this is not the case for all content. Language 

presupposes a larger number of cognitive constraints on the passage of 

information between the emitter and the receiver. Communicating through 

images is fundamentally different because the basic components of graphic 

communication are shared by all systems of representation in any epoch and 

culture. 

MULTIPLE VERISIMILITUDES 

Any graphic representation is always an interpretation, no matter how faithful 

to reality it is in proportion and attention to detail. Thus, graphics are always 

attempts to explain reality. History, and especially the art history, 
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has often fallen prey to a misunderstanding concerning the true goal of 

representation. People have often considered the goal of representational ac-

tivities to be truthful reproduction, or representation faithful or even equivalent 

to reality. We see traces of this misunderstanding in the Boccaccio's awed 

respect for the realism of Giotto's figures and the impression of depth that he 

achieved with perspective painting. More recent examples are the inventions of 

photography, stereoscopy, holography, and virtual reality. Nonetheless, no 

contemporary theorist believes in the objectivity of communication media, and 

the position does not stem from a belief in an intrinsically malicious behavior of 

the emitter of the message, but from a basic constraint on the process of 

communication. Any process of communication requires a code, and a code 

requires choices. A code can work when it is shared by emitter and receiver, but 

to be shared it needs structure and rules. Rules make communication possible, 

but they also reduce the possibilities of adaptation to reality. Thus, reality can be 

represented through the filter of the code, but only in a series of successive 

approximations. Each approximation corresponds to a specific choice in the 

coding process. When an artist builds a realistic representation, observers can 

experience percepts that are similar to those that would be produced by the 

represented objects. For this reason, it is tempting to talk about a form of 

equivalence between the represented scene and the image that represents it. But 

this is a special form of equivalence. When we say that an image appears to be 

real, the very word that we use {appears) describes two contrasting experiences: 

We are aware of convincing visual information being presented to us, but at the 

same time, we are fully aware that we are looking at a representation, at a fiction. 

Kubovy (11) called this kind of awareness collusion: "It is important to keep in 

mind the distinction between illusion as perceptual error, which we have called 

delusion, and illusion as an awareness of perceptual error, which we have called 

collusion." Kemp (12) distinguished between two kinds of such collusions: 

"conscious acceptance and cooperation which are based on knowledge that the 

observer has regarding what is being observed; and perceptual reaction which is 

based on coercive interpretation of certain geometrical patters as representations 

of space." These ideas are not new. In the 17th century, the Jesuit thinker 

Thesaurus thus described the unexpected cognitive experience engendered by 

prospective representation of space: 

This is an unexpected and innate delight of the human intellect, the awareness of 

having been playfully deceived; for the transition from deceit to disambiguation is a 

manner of error that happens through a wholly unexpected route, and for this very 

reason it is very pleasurable.... You will laugh about your deceit a soon as you will 

realize that you have been deceived, having been taken by surprise by an 

experience that you did not expect (13). 

THE DIALECTICS OF EMPHASIS 

AND EXCLUSION 

Drawing can be thought of as material transposition of data in which the 

variable, multifarious matter of represented things is transcribed into a new 

material medium, the graphic symbol on a surface. To operate this 
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4.2.   Piranesi, View of 
the Tiberina island. 
Note. From Focillon, 
Piranesi, Henri Laurens, 
1963, Paris. 

transduction, one needs to make choices, the most obvious one being, as noted 

previously, that of emphasizing certain visual qualities and neglecting others. 

To represent water, the drawer will need to include horizontality, continuous 

change, and reflection of objects in front of it (Figure 4.2). But more important, 

one will need to choose between different visual qualities. The choice will be 

dictated by the kind of information that the artist wants to transmit and by the 

type of communication he or she is trying to establish. Let us now try to 

describe the processes that will bring a drawing to completion. One could ask, 

first of all, what are the criteria for choosing the objects that will be represented, 

which of their features will be emphasized, and what graphic devices will be 

employed to this end. The possibilities are almost infinite (the whole sensible 

world around us), but the artist will choose to represent and communicate only 

some of them. Occasionally, the representation will be more complicated that it 

would normally be, provoking an especially articulated experience. Thus, the 

representative process is defined by the dialectics of emphasis and exclusion. 

This opposition is so important that I want the meaning of its poles to be as 

clear as possible. To this end, I find it useful to borrow the observations of 

Edgerton (14) on the geometric heritage of Giotto. Edgerton discussed an issue 

that seems unrelated but is actually extremely relevant here. In contrasting 

European and Chinese art of the same period, he compared two drawings 

(Figures 4.3 and 4.4). The first drawing represents a fly and is an etching from 

the monumental Micrographia published in 1667 by the English naturalist 

Robert Hooke. The second drawing represents the flight of two dragonflies and 

is attributed to Chìien Hsuan, a Chinese painter working during the Yuan 

period. Both drawings represent insects with wings, but despite the similarity of 

content the difference of approach is dramatic. Obviously, the two images have 

been produced for radically different purposes. Although both aim at truthful 

representation, their approaches to representative imaging is diametrically 

opposed: That of Hooke is; scientific, detached, and inquisitive 
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4.3.   Hooke, 1667, a fly 
observed by means of a 
microscope (etching). In 
S.Y. Edgerton Jr. (1991). 
The heritage of Giotto's 
geometry. Ithaca and 
London: Cornell 
University Press. 

that of Chìien Hsuan is entertaining, empathic, and admiring. One realizes that 

the images come from cultures that attach different meanings to the idea of 

knowledge. "We see immediately how the Chinese painter sought with rare 

sensitivity to reveal the gossamer lightness of flying insects, whereas Hooke ... 

stressed just the fixed geometric structure of the blue fly's wings, and gave no 

indication how they actually move in flight" (15). 

We can find many other differences in these drawing that are instructive for 

our purposes. For instance, in Hooke's etching, the insect is seen from an 

invasive viewpoint. The aid of the microscope plays a fundamental role in this, 

causing the subject to take on a "stretched-out" appearance, almost like a 

monster or space alien. All the parts are represented with an obsessive, 

analytical precision, that of the anatomist. All the details are represented in full, 

leaving nothing to the perceptual completion by the observer. The space of the 

representation is limited by the perimeter of the figure, and the representation is 

deprived of the insect's flight environment. In short, the fly has become a heavy, 

complex object, almost like a machine fully defined by its geometry. We see the 

hallmark of the beginning of modern Western science. Not yet having 

abandoned visual observation as a way of investigating reality, science here is 

going through a stage of "super seeing," looking for that which cannot be seen 

directly but can nonetheless be perceived with the aide of optical prostheses and 

hinting at that which cannot 
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4.4.   Chìien Hsuan, 
13th century. The 
beginning of the fall. In 
S.Y. Edgerton Jr. (1991). 
The heritage of Giotto's 
geometry. Ithaca and 
London: Cornell 
University Press. 

be seen even with special optical devices and will eventually require other 

kinds of tools. 

Chìien Hsuan's dragonflies, on the other hand, are observed with respect 

and from afar. The viewpoint conveys the feeling of an observer who shares an 

environment with the subject of the observation. The dimensions of the insects 

are not altered relative to the scene; one could say the size and the proportions 

are mainly a way of getting at the true subject of the image, which is the 

weightlessness of insect flight. The scene, not the insects, dictate which parts 

the image possess. Space continues beyond the perimeter of the figures. One 

does not feel that there is a geometric logic to the representation beyond the 

immediate appearance of the scene. This is not the beginning of a science. 

Rather, one feels immersed in a civilization where knowing nature means to 

achieve a form of harmony with nature itself, a civilization that abhors the idea 

of dismembering nature to understand it. When looking at a drawing, it is 

relatively easy to appreciate what the artist has chosen to portray, and what has 

been emphasized and made stronger. Presumably, this has to do with the power 

of the image in all its absorbing details. From one special viewpoint, the image 

becomes, in terms of its cognitive properties, a rather convincing surrogate of 

reality; when looking at reality, one asks what is there, not what could have 

been there but is not. Thus, much more complicated is to imagine what elements 

have been willingly excluded by the artist. Obviously, the number of excluded 

elements is potentially limitless, 

74   The Psychology of Graphic Images 

 



but when observing an image we seldom experience the absence of elements. We 

could interpret this fact as a feature of the artist's work of emphasis, which directly 

aims at omitting voids. 

Consider, for instance, the experience of caricature or satirical pictures. 

Drawings of this kind are typically schematic, with minimal suggestions of three-

dimensionality and relief and with insignificant backgrounds, if any. Nonetheless, 

the deformations that have been used in the drawing are capable of suggesting so 

many added meanings that the pictures do not appear to lack anything (16). Figure 

4.5 reproduces a masterful drawings by Saul Steinberg. These drawings are 

extremely simple, and yet nothing is missing from them. The choice of showing 

only two things, the profiles and the moon, is counterbalanced by the, reference to 

an experience shared by everyone, the action of looking at the moon. This allows 

the artist to depict the darkness of night without any dark background on the white 

paper, just hinting at it with a lack of objects in the background. The compelling 

experience of the image produces a suggestive involvement of the observer. So 

complete is the communicative collaboration between emitter and receiver that 

there is no need for any additional information. Despite its simplification and the 

lack of so many potential sources of information, the drawing is rich in meaning, 

achieving complete balance. Paradoxically, one could conclude that the very 

choice of excluding some sources is itself a way of conveying information. As a 

consequence, the image is experienced as being continuously full. The experience 

is intimately linked with the assumption that the image has a high degree of 

realism. In graphics, as in any other form of communication, the way a receiver 

reads the message is as important as the way the emitter constructs it. 

Communication can never be reduced to a connection between an active 

emitter and a passive receiver. Even if communicating through pictures does not 

require immediate feedback from the receiver to the emitter, it seems plausible that 

a form of reciprocal exchange is implicitly operative. Consider, for instance, the 

four principles that Grice (17) listed as the basis of verbal interaction. The first, the 

principle of quantity, dictates that messages must contain the right amount of 

information—not too much but also not too little. This is the factor represented on 

the x-axis of Figure 4.1. The second, that of quality, establishes that if a speaker 

puts some information in a verbal message, then he or she must have evidence for 

it. The third principle, that of relation, requires that the speaker must say only 

those things that are relevant to the topic of the conversation. Finally, the fourth 

principle, that of mode, stipulates that speakers are sincere when they 

communicate. 

Grice's four principles require some modifications before we can apply them 

to communication through images. In my opinion, only the first and the fourth 

principles work equally well for verbal and visual communication. Just like 

speech, graphics must contain the right amount of information and presuppose a 

truthful communicative intent. The second and the third, instead, could be 

summarized by a single but different principle, which I propose calling "the 

principle of emphasis/exclusion." According to this principle, visual messages are 

as realistic as is required by the communicative goal. This implies that only those 

aspects that are relevant to a specific communication will be included and 

emphasized, whereas the others will be neglected. For instance, no one would deny 

that a photograph is more realistic than a drawing on a traffic sign. But, 

accordingly, no one would deny that 
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4.5. Saul Steinberg, 

Dessins 1945-1954, 

Paris: Gallimard. 



the photograph would not be appropriate to substitute the sign. There simply are 

too many potential messages in a photograph and too much redundancy. This 

richness is not only useless, but also detrimental to the purpose a traffic sign. 

By the same token, no one would disagree that the Steinberg drawing of 

Figure 4.5 is less realistic than the typical still life drawn by a student of the 

Ecole des Beaux Arts in the 19th century. Yet, if Steinberg had drawn his 

subject with the Beaux Arts style, all the irony his drawing conveys would be 

lost. There is an important asymmetry in the encounter between the receiver and 

the emitter that takes place in the graphic message. The emitter takes an active 

part in choosing what to include and what to exclude, whereas the receiver can 

only accept the artist's emphasis. In doing so, the receiver does not expect all 

the sources of visual information that were present in the represented part of 

reality. This would be impossible, but even if it were, the outcome would be a 

list, not communication. To communicate means to emphasize some aspects at 

the expense of others. To communicate means to propose a version of the 

world. What are the steps taken by an artist in choosing what must be included 

in an image? In balancing between the opposing requirements of emphasis and 

exclusion, he or she must deal with the action of two different forces. One is the 

need to comply with the constraints on the various stages of perceptual 

processing; the other is the attempt to convey a specific message. Suppose, for 

instance, that the message one wants to convey is the description, in an 

anatomic drawing, of the human muscular system (see Figure 4.6). In this case, 

it is irrelevant to try to render the facial expression or gait of the subject. If, on 

the other hand, the intent is to present a conventional scene (Figure 4.7), then 

expression and gait may be much more important than anatomic precision. 

Clearly, this is an extreme case, but it exemplifies how the final intentions of 

the artist force a number of successive choices on the construction of the final 

product, depending on the content he or she wants to transmit. 

A similar process can take place in the perception process, when we focus 

our attention on part of a scene. By directing our gaze to one location, focusing 

on It, and attending to it, we neglect the rest of the scene surrounding it. In the 

well-known work of Rubin (18) on figure-ground articulation, the dialectics of 

emphasis and exclusion play an important role in determing what part of the 

scene is the figure, even though the articulation is operated automatically by 

low-level processes. These processes are influenced by several factors in a 

dynamic tradeoff, which causes any part of a scene to have the potential to be 

either figure or ground, depending on the conditions. In his model of object 

recognition and identification, Kosslyn postulated the existence of a structure 

called an "attention window," which is responsible precisely for emphasizing or 

excluding part of the incoming information. Kosslyn's model divides the visual 

system in several processing subsystems. The two subsystems that take care of 

primary visual processing are the "visual buffer" and the "attention window" 

(19). Koffka discussed the hierarchy of qualities that exist in the different parts 

of the perceptual field in terms of two categories: thing and nonthing. 

"Particularly we find the things within something that is not itself a thing. The 

things do not fill our environment either spatially or temporally; there is 

something between them and around them. In order to have a convenient term 

for this we shall call it the frame-work, so that, disregarding the great variety of 

things, we can divide the 
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4.6.   Vesalio, 16th 
century, The human 
muscular system. The 
works of Andreas 
Vesalius of Brusselles, 
De humani corporis 
fabrica, Dover 
Publisher, New York, 
1950. 

behavioral environment into things and framework" (20). For the purpose of our 

discussion, the main consequence is that the first aspect of a representation that 

will be underplayed is the part that will be experienced as background, and what 

will be emphasized is the figure. This tendency is apparent even in children's 

drawings and in primitive art. The environment that surrounds the subject is 

often not drawn, leaving a figure against a bare background. 

THE REALITY OF FICTION 

An interesting phenomenon takes place at the receiving end of graphic com-

munication. The receiver of the communication reacts to the representation in 

ways that are analogous to reactions to the represented objects. This 
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4.7.   Callot, 
1617-1623, Farmers, 
front and side views. 
In H. Daniel, Callotis 
Etchings, Dover 
Publisher, New York 
1974. 

pattern of behavior is ubiquitous, even though all receivers of graphic com-

munication are aware that they are not reacting to the real object, but to its 

visual surrogate. This surrogate seems to take on the role of a cognitive 

prosthesis capable of filling in for the absent object. Here are some cases 

demonstrating how the behavior of the receiver of graphic communication 

mimics the behavior of someone experiencing the real object: 

1. Suppose you show an illustration to a person. Next you ask, "What is this?" 

Typical answers are "It's a horse," "It's a man," not "it's a drawing," "a 

photograph," or "a painting" of a horse or of a man. 

2. Children enjoy embarrassing adults with questions such as, " Do blue dogs 

exist?" When we answer negatively, they reply, "They must exist because I 

can draw one." 

3. In many religious or magical practices, images are worshipped or manip-

ulated as if they were real people or real objects. 

4. Iconoclastic religions consider images blasphemous. The rationale lies in the 

fact that creating images amounts to competing with the divinity in the 

creation of concrete entities. 
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5. Advertising or political posters on the street are often modified with graphics 

by passers. This interventions are often aggressive and derogatory, 

sometimes even pornographic. The act is not directed toward the material 

used for printing the image, but toward the person or the object that are 

represented in the image. They aim at the female body or at the face of a 

political adversary. 

6. Images created by artists can become collective realities through myths, 

legends, narratives, or poetry, and they can spread across cultures in different 

parts of the heart. Gombrich presented an interesting discussion of the myth 

of Pygmalion in different cultures (21). 

7. Many painters have described about the evocative ability of their images. 

Often, this ability has been presented as a gift to give life in powerful and 

concrete ways to realities that are odd, funny, or faraway. Two great ex-

amples are De Pictura by L. Battista Alberti and the Trattato by Leonardo 

da Vinci (22). 

An artist is the master of all things that can arise in the thoughts of humankind; 

therefore, if he wishes to see the beauty of things that delight him, he is the master 

of their creation. And if he wishes to see monstrous things that frighten him, or 

that are funny and laughable, or are truly pitiable, he is their master and creator. 

And if in a desert he wishes to create shadowy, cool places amid the hot 

temperatures, he can create them; so, too, can he create warm places amid 

cold temperatures. If he wants valleys, he creates them; if in the high peaks 

of mountains he wishes to find vast open country and then the sea's horizon, 

he is master of this desire; and likewise, from the lowest valley he may see the 

highest mountain, or from the mountain the lowest valleys and shores. In effect, 

all that exists in the universe, whether in essence, reality, or the imagination, 

exists, too, in the artist—first in his mind and then in his hands. And those hands 

possess great talent,, able to create proportional harmony with a single glance 

(22). 

8. Characters in a graphic image can speak to viewers, directly addressing them 

through the use of a confidential, or a menacing, "you." One of the most 

effective images of the U.S. propaganda from the First World War, for 

instance, presented Uncle Sam pointing his finger to remind viewers that 

their homeland needs soldiers. A similarly effective poster from Italy in the 

Second World War addressed the viewer by saying, "Hush, the enemy 

listens." 

A FIRST APPROACH TO PERSPECTIVE 

A unique fact influenced Western culture in the last five centuries: the de-

velopment of linear perspective in its geometric foundations, its theory, and its 

practical application. In the beginning, perspective seemed a technical tool to be 

used to produce truthful representations of real space. The set of geometric rules 

that formed the body of early perspective served the purpose of representing on 

a two-dimensional plane of projection the spatial depth of a scene and the three-

dimensionality of the objects laid out in it. These rules were surprising in that 

they were capable of 
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coordinating into a coherent whole the set of spatial relationships between 

different components of a scene: objects and animated bodies. Earlier 

representations had tried to convey the impression of three dimensionality of 

objects, sometimes with a degree of success, but they had never succeeded in 

representing all spatial relations between elements in a coherent view. They 

never achieved the degree of control over space afforded by perspective 

constraints. 

Suddenly, objects, distances, and positions were regulated by a common 

and necessary constraint. All volumes in the scene could now contribute to the 

generation of the same homogeneous and coherent space. Later, the conceptual 

apparatus of perspective began to be used to create illusions of reality in 

imagined spaces. One of the chief applications of this potential use of 

perspective has been the creation of nonexistent apertures and illusory spaces. 

The pictorial technique that achieved effects such as "opening" the ceiling of a 

room toward the sky or the wall of an inner court into a garden was called 

sfondato (burst out) by the post-Renaissance painters. Painters and architects 

soon learned that the appearance of actual spaces could be corrected by 

"accelerating" or "slowing down" perspective. These artifices could create 

nonexistent spaces or dilate spaces that were too narrow. Suddenly, architects 

became the new alchemists of appearance, capable of overcoming the physical 

constraints of real space by manipulating the visual constraints of perspective. 

Around 1480, Donato Bramante was able to do this in the church of Santa 

Maria presso San Satiro in Milan. The space available for the building was too 

narrow for the construction of even a small apse. The solution that Bramante 

conceived is shown in Figure 4.8. Using accelerated perspective, in part through 

elements painted on the walls and in part by exploiting the plasticity of bas-

relief stucco elements, he created a "visual" apse that elongated and dilated the 

inner space of the building. Nobody would believe there is an apse in the church 

by looking at it from the outside. 

In Rome, Cardinal Bernardino Spada was dissatisfied with a perspective 

view painted on a wall of his Palazzo's secret garden. He contracted architect 

Francesco Borromini to transform the enclosure into larger environment. 

Borromini did more than that, creating "one the most ambiguous and 

problematic constructions of the baroque age" (23). Figure 4.9 presents the plan 

and the section of the work, a gallery. Note how the real space of the enclosure 

is deformed, based on perspective considerations and how the depth of the 

gallery, which extends visually to a considerable extent, is actually compressed 

in a relatively narrow physical space. Father Andrea Pozzo (1642-1709), a 

mathematician, painter, and architect, was commissioned to decorate the ceiling 

of the church of Saint Ignatius in Rome. Given that the funds were not sufficient 

to build the dome that was included in the project, Pozzo proposed that a big 

canvas be placed underneath the ceiling of the church as a temporary solution 

and that the canvas be decorated with a painting of a fake dome, so that visitors 

walking in the central aisle of the church would have the illusion of a real dome. 

The deceiving canvas was to be destroyed once the funds to build the real dome 

became available. We do not know if the funds were ever collected. What we do 

know, however, is that the real dome has never been built, and never will be, for 

the deceiving painting not only serves exceptionally well as a substitute, but 

also has become more than that, testifying in an extraordinary way to the 

incredible potentialities of the perspective technique (24). 
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4.8.   Bramante, 16th 
century. False 
perspective at the high 
altar of the church of 
San Satiro in Milan. 
From F. Cassina, 
1840-1862, table X. 
(Courtesy of Civica 
Raccolta delle Stampe A. 
Bertarelli, Milan, Italy). 

It is not a coincidence that some of the 17th-century students of 

perspective had great friendships with Descartes and corresponded frequently 

with him. These students of perspective were interested in optics and geometry, 

as well as in philosophy. Two phenomena that attracted a great deal of attention 

for their theoretical and practical implications were dioptric and catoptric 

anamorphosis. Dioptric anamorphosis is a set of projective deformations of a 

drawing, constructed so that, when the drawing is observed with a very small 

angle of gaze (close to the picture plane and to its side), it reveals a 

recognizable figure, such as a historical character or an object. When viewed 

from a "normal" viewpoint, on the other hand, these drawings show only a set 

of meaningless lines or scenes unrelated to the hidden figure, usually a 

landscape (see Figure 2.5). Catoptric anamorphosis usually consists of appar-

ently meaningless colored patterns drawn on a circle. The patterns are drawn so 

that when a mirrored cylinder or cone is placed in the center of the circle, the 

reflection of the pattern in the curved mirror reveals figures or known objects. 

The reflections are deformed by the curved mirror, but the revealed objects 

usually look relatively well proportioned and realistic. Experiencing 

anamorphosis amounts to an interesting and complex observation in visual 
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4.9.   Borromini, 17th 
century. Ground plan 
and section of the 
perspective at Palazzo 
Spada in Rome. 
Archivio fotografico 
Editalia. 

science. When our eyes are located in the point of projective regularization, we 

see a piece of reality that seems well structured and stable. As soon as we move 

from the appropriate viewpoint, however, structure and stability are lost into a 

meaningless chaos. In anamorphosis, we are direct witnesses of a transition 

between order and chaos. Although mutually exclusive, these two states are 

contiguous in the anamorphic experience, and they arise from the same 

material. A slight change in the viewpoint transforms what appears to our 

senses as stable and orderly into chaos lacking any structure. The study and the 

practice of anamorphosis was instrumental in demonstrating that any pictorial 

configuration could correspond to several different realities. This in turn 

suggested the complementary notion that any reality could be represented 

pictorially in several different ways. The latter conclusion should not be taken 

in the sense of a trivial form of subjectivism, however, the idea that everybody 

sees and represents reality in a wholly idiosyncratic way. Rather, anamorphosis 

reinforces the concept that the possibilities of representation depend in 

fundamental ways on constraints from projective geometry. 

As we will see in the next chapter, Kemp (25) convincingly argued that 

important conceptual developments such as orthographic projections and de-

scriptive geometry stemmed precisely from the practical work of perspective 
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experts such as Rieger, Lambert, or Monge. These developments, as the ex-

amples below will show, provided radically new ways of representing certain 

realities, while emphasizing aspects and contents that could not be commu-

nicated as clearly with previous descriptive tools. The process of 

communication between an artist and the observer of a drawing is mediated by 

vision, which is an active and a selective process (26). These features of the 

communicative process affect both artist and observer. How people look at the 

world depends on their knowledge of it, as well as on their goals, that is, on 

what information they seek while looking at it. In contrast, the information 

sought by the observer of a graphic image is strongly constrained by the choices 

the artist made when creating the image. The visual elements available to the 

artist producing an image are, to some extent, all equivalent. In choosing some 

at the expense of others, the graphic artist creates a representation that is 

already, in part, a distillation, with emphasis placed on certain aspects. This 

emphasis favors certain interpretations while it reduces the availability of 

others. 

In inventing outline drawings, artists did not invent an arbitrary language. 

Rather, they discovered a way of producing stimuli that are somehow 

equivalent to those that are normally codified as objects present in the visual 

field and that can form the basis for guiding intentional actions. In making the 

selected choices, an artist is guided by a personal way of seeing that depends on 

personal preferences, on communicative goals, and on the broad cultural 

climate surrounding the activity. Yet the foundation for the possibility of an 

indirect communication with the potential viewer of the work lies in the 

certainty that artist and observer share the same mechanisms for primary 

perceptual processing, that these mechanisms are triggered by the same factors, 

and that they produce the same outputs. An artist can make radical choices. 

Emphasizing certain aspects can produce compelling responses. Aspects that 

could attenuate those responses or engender doubts regarding the desired 

interpretation can be put in parentheses. Once a certain graphic rendition comes 

alive as visually legitimate, the artist's work pushes away all alternative 

renditions and their corresponding interpretations. This negation opens the door 

that lets in a new proposal, a new manner of representation, a new meaning. In 

this way, drawing is first and foremost a trigger for a cognitive process. 

PICTURE PERCEPTION 

Of all theorists of perception, Gibson has considered most thoroughly the 

distinction between picture perception and ecologically valid perception. In his 

many discussion of this topic, Gibson revealed a profound ambivalence. On one 

hand, he was fascinated by the many implications of pictorial representation: 

their cognitive consequences, cultural meaning, and even their social 

dimensions (27). On the other hand, he worried about the quantitative and 

qualitative limitations of the perceptual information contained in pictures. In my 

opinion, however, it is precisely what Gibson considered a limitation that makes 

pictures both useful and actively manageable for the purpose of communication. 

What Gibson considered limitations, I consider elements of vitality. 

Gibson claimed that the appropriate way to study visual perception is by 

looking at an active organism in its environment. Studies based on 
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impoverished stimuli—all the stimuli used in the visual experiments in labo-

ratory and not in ecological conditions—such as graphics, were thought to 

convey biased evidence concerning the working of visual perception: 

A frozen form does not specify the solid shape of an object, only some the invariant 

features that a solid object must have. And, in any case, we never see just a form; we 

see a sample of the ambient optic array. If I am right, most of experiments from 

psychologists, including Gestalt psychology, have been irrelevant (28). 

In his battle against investigations of impoverished laboratory displays, 

Gibson stressed the richness of information available in the environment for a 

moving organism. In doing so, however, he neglected to consider the specific 

positive aspects of graphics as tools of knowledge and of culture. 

Gibson was refining his objection to the picture theory of vision in a significant if 

largely implicit way. Far from arguing for the irrelevance of pictures, Gibson had 

finally convinced himself that the effectiveness of line drawings and caricatures must 

be telling us something fundamental about vision itself. The real mistake of the 

picture theory of vision was not the attempt to generalize from picture perception, 

but rather the commitment to a particular theory of how pictures—and vision—

might function (29). 

Gibson was so committed to showing the limitations of picture perception 

that he failed to note its positive sides. Yet the limitations discussed by Gibson 

may be shown to actually contribute to making drawings and painting useful for 

communication and visual knowledge. In what follows, I have reduced these 

limitations to three points, which 1 believe to show how Gibson's negative 

connotation becomes positive in the framework of graphic communication. 

"An Image Is Second-Hand Information" 
Gibson (30) wrote: 

We also communicate with others by making a picture on surface (clay tablet, 

papyrus, paper, wall, canvas, or screen) and by making a sculpture, a model, or a 

solid image. (...) Pictures and sculptures are apt to be displayed, and thus they 

contain information and make it available for anyone who looks. They nevertheless 

are, like the spoken and written words of language. They provide information that, 

like information conveyed by words, is mediated by the perception of the first 

observer. They do not permit first-hand experience—only experience at second 

hand. 

But if images are to be tools for communication, they are necessarily 

second-hand information. This is an image's strength, not its weakness. Often, 

we are more interested in the specific aspects of the available information that 

another observer has noted before us, rather than in the limitless richness of 

information available in direct observation. Michelangelo's David holds much 

more meaning than model for it. The dismembered parts of the human body 

represented in the anatomic drawing of De humani corporis fab-rica by 

Vesalius (Figure 4.6) are useful images precisely because they are the parts that 

Vesalius wanted to describe. Leonardo Da Vinci wanted to emphasize precisely 

this point when he claimed that viewers of his anatomic drawings could learn 

more from them than from direct observation of dissected 
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cadavers; he translated the confusing complexity of the real body into an 

orderly simplification. The dissected body provides firsthand information, but it 

also requires the processing of a great deal of data. The secondhand information 

of the anatomic drawings, having been filtered and organized, favors 

knowledge. 

"The Perception of Pictures Is Impoverished Perception" 
Gibson (31) wrote: 

The structure of an optic array is without gaps. It does not consist of point or spots 

that are discrete. It is completely filled. Every component is found to consist of smaller 

components. Within the boundaries of any form, however small, there are always 

other forms. This means that the array is more like a hierarchy than like a matrix 

and that it should not be analyzed into a set of spots of light, each with a locus and 

each with a determinate intensity and frequency. 

For Gibson, perceptual activity is little more than the act of picking up 

information, an activity that he equated to "resonating" with the information 

that reaches the perceptual system. A visual system automatically synthesizes 

into the limitless information available in the flowing optic array. Pictures, the 

result of deliberate choices, must necessarily be impoverished. 

In the perception of pictures, the spontaneous synchronization of an or-

ganism with its environment is broken by an intermediate process, which 

creates choices on the availability of information in a controlled optic array. 

Thus, the visual system of the observer no longer resonates with environment, 

but only with the picture itself. However, I deny that this is necessarily an 

impoverishment. In fact, we could take the whole corpus of images produced by 

artists—drawings, paintings, etchings, and photographs—that reproduce 

countless different subjects as nothing more than a catalogue of the information 

that observers were able to pick up from optic arrays. If it were possible to 

actually print it, such a catalogue would be both the best demonstration that 

Gibson was right when he claimed that optical information is limitless and that 

he was wrong when he claimed that reproducing this limitless information is 

impossible in general and sterile in practice. The individual limitations of each 

image in this ideal catalogue are in fact instruments of knowledge, for each 

limitation is at the same time an interpretation and therefore the beginning of an 

explanation. Thus, one could follow Gibson in considering these limitations as 

impoverishments. But one could also refute him by considering them as 

elements of enrichment that provide observers with images they may not have 

picked up that can be shared between the producer and the user of an image. 

"A Picture Is a Frozen Optic Array" 

Gibson wrote: 

"The kind of vision we get from pictures is harder to understand than the kind we 

get from ambient light, not easier . . . .  They are deeply puzzling and endlessly 

interesting. What are pictures, and what do they do for us?... The pictorial array is 

frozen in time and fixed at a single, unmoving point of observation." (32) 
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However, when we look at a picture, we have an opportunity to understand 

not only something about a part of the world, but also something about the 

viewpoint that was occupied when observing that part of the world. In that 

sense, observing a picture increases our knowledge, providing material for a 

history of the image. Gibson added: 

Pictures enable the invariants that have been extracted by an observer— at least 

some of them—to be stored, saved, put away and retrieved, or exchanged. Pictures 

are light writing inasmuch as they can be looked at again and again by the same 

observer and looked at by many observers. They allow the original observers to 

communicate in a fashion with unborn generation of other observers. Art museums, 

like libraries, are storehouses of knowledge, and they permit to accumulate. Pictures 

convey a knowledge at second hand and thus are efficient methods of teaching the 

young.... What exactly is a picture a record of? I used to think that it was a record of 

perception, of what the picture maker was seeing at the time she made the picture at 

the point of observation she them occupied… Any picture, then, preserves what its 

creator has noticed and considers worth noticing (33). 

This statement underscores the effect of seduction that pictures had on 

Gibson, as well as his belief that the utility of images stems precisely from their 

being frozen optic arrays. Perceptual processes can pick up information 

extremely fast, and they can cancel it very quickly as well. The latter process 

serves the function of opening up the way for further incoming information. 

Higher order cognitive processes, on the other hand, can be relatively slow. 

Cognition needs time to organize knowledge. Because they stop the flow of 

information in the changing optic array, images are a useful tool for cognition. 

They provide information that does not change over time and can wait for the 

completion of cognitive processes. 

DRAWING AND ITS COMMUNICATIVE GOALS 

I propose that a major determinant of an artist's choice to include specific 

elements in a drawing, as well as the choice of technical means to include them, 

are the communicative goals of the artist. As an introduction to this notion, 

which will be developed in detail in the next chapter, I discuss here two 

domains of graphics requiring radically different renditions to communicate 

efficiently. The first of these is illustrative graphics. To serve an illustrative 

function means, for a drawing, to strive toward the representation of objects, 

scenes, and landscapes by means of marks that cause perceptions comparable to 

those caused by actual objects, scenes, and landscapes. The second domain is 

operational graphics. Operational functions are those that try to provide 

information that can be used for manipulating, building, disassembling, 

renovating, or positioning an object that is represented by a drawing. An 

excellent example of illustrative drawing is the View of the Arch of Titus by 

Piranesi (Figure 4.10). Even without consideration of the aesthetic value of the 

work, it is obvious that Piranesi took great care in rendering the details and in 

showing precisely the spatial relationship between elements. The psychology of 

vision defines the two-dimensional features that are useful for representing 

space pictorial cues to depth. In this work, Piranesi used them with great 
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4.10.   Piranesi, 18th 
century, View of Titus' 
Arch. From Focillon, 
Piranesi, Henri Laurens, 
1963, Paris. 

skill. For instance, note the occlusion present between many objects in the 

scene, particularly between the two trees in the foreground that play an 

important role in suggesting depth. The texture gradient created by the pebbles 

on the road and the stones on the arc creates an orderly change in size and shape 

that is a powerful cue to depth. Linear perspective is used throughout the work, 

as shown clearly by the rendition of the curve of the arc and of the wood door, 

both of which appear regular but are actually distorted to take the position of 

the viewpoint into account. On the other hand, aerial perspective is used to 

suggest distances by using stronger marks for closer objects and progressively 

weaker ones for those that must appear farther away. Attached shadows are 

used to enhance the three dimensionality of volume: Cast shadows clarify 

spatial relationships and make them concrete, as in the case of the shadow 

falling on the left part of the door. 

Piranesi's etching is exemplar of the art of representing depth. The illus-

trative function is achieved in full. Let us consider, in contrast, some contem-

porary technical drawings. The content transmitted by these works, as well as 

the cues used to transmit them, are profoundly different from those of Piranesi's 

etching. Note that pictorial depth cues are minimal in Figures 4.11 and 4.12, 

reduced as they are to a few points of interposition. There are no other objects 

besides the one represented, which is removed from any context. Contrary to 

what happens in Piranesi's work, in which objects appear to recede in depth 

from the plane of the picture, here the objects appear to be on top the paper and 

are shown in strictly frontal position. This method is instrumental in preserving 

all dimensional relationships in the object—an essential piece of information in 

a drawing that serves an operational function. Linear perspective, which in 

Piranesi's work suggested a unified, coherent space, is substituted here by a set 

of separated projections on two, three, or more planes. Often, the planes of 

projection are parallel to the surfaces of the represented object and form 90° 

angles with each other. Paradoxically, the very depth cues that are necessary to 

create compelling impressions of three-dimensionality preclude the possibility 

of preserving the dimensions of the represented objects. Raphael was well 

award of this sort of principle of indeterminacy; after admitting the importance 

of perspective to the 
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4.11.   Prospect of the 

East Facade of the architect's work, Raphael said: 
Parthenon. In L. 
Benevolo, Storia della from foreshortened lines, an architect cannot derive any measure that 

città, Laterza 1976. would be useful for construction, for the architect requires all measures to 

be precise and related to parallel lines, not to those lines that appear to but 

do not actually exist (34). 

Objects and Their Infinite Representations 
The distinction between illustrative and operational functions has not always 

been drawn in the history of graphics. Usually, new modes of representation are 

generated when cultures experience the need to communicate new contents, or 

to separate contexts that were previously intermixed. In the examples discussed 

in the previous section, we see that the separation between the two functions 

was already clear and operative. In all three cases, the creators had a clear idea 

of purpose in choosing what information to transmit. Equally instructive is the 

examination of images from historical periods that precede the clarification of 

this distinction. In these images, there is tension in this separation of 

representational procedures, but the artists still lacked a clear conceptual 

distinction between the two choices. Illustrative function has been the basis of 

at least one major domain of the graphic arts (see Figure 1.1). This does not 

mean, however, that artists always felt the need to master the techniques for 

veridical representation. Illustration can be achieved even without consideration 

of verisimilitude. Compare, for instance, Piranesi's 
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etching (Figure 4.10) with the work presented in Figure 4.13. In The Antichrist, 

the techniques of perspective are not used, and as a consequence the image 

lacks the compelling spatial coherence of Piranesi. Of course, the content of the 

images are also different, but they are still obviously serving an illustrative 

function. The difference is one of emphasis within the illustration. In the case of 

Piranesi, the description of an environment is exhaustive, and in this sense 

independent from verbal integrations. In The Antichrist, the representation aims 

more at supplementing text than presenting pure visual information. Thus, it is 

not necessary that the representation present a compelling illusion of an 

integrated reality. Notice of the important chunks of information in the work 

(the Antichrist on its shrine, the group of followers, 

4.12.   Building 
specifications for a 
Savoia-Marchetti 
airplane of 1936. 
From Disegno e 
progettazione, di M. 
Petrignani, Edizioni 
Dedalo, Bari, 1967, 

4.13.   From "La Vie de 
l'Antechrist," 
Anonymous from the 
end of the 15th century. 
Note that depth cues are 
not used coherently. 
From }. Lehner, Devils, 
Demons, Death and 
Damnation (Dover, 
1971). 
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the shattered sacred images, the trees) fail to connect to each other, floating in a 

space that divides them rather than create a common framework. Notice, 

further, that pictorial depth cues are used only approximately, and some are not 

included at all. It seems plausible that the operational function of drawings was 

progressively discovered as a consequence of the radical renovation of Western 

culture during the Renaissance, and especially of the renewed interest in nature 

during that time. Leaving speculation founded on the authority of the ancient 

texts in favor of direct observation and experimentation, artists and scientists 

wanted instruments that favored and supplemented empirical work and then 

communicated its results to others. In parallel with the invention of instruments 

that enhanced the human ability to observe natural phenomena (the telescope, 

the microscope, the chronometer), Western culture produced specialized 

techniques for the communication of specific technical contents. Before this 

radical development, operational drawings were rarely produced. One of the 

few examples is the plan for the sewage and water pipelines for the cathedral of 

Canterbury (Figure 4.14). Three levels of information are stratified in the 

drawing. The first is that of buildings, which intermingles plans and prospects, 

although one feels that the artist was somehow trying to separate them. The 

second 

4.14.   Water and 
sewage lines for the 
cathedral of Canterbury, 
12th century. In L. 
Benevolo, Storia della 
Città, Bari Laterza, 
1976. 
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level is verbal, presented in the legends placed in various parts of the drawing to 

present supplementary information about features of the buildings. The third 

level is that of the pipelines themselves, which are emphasized by heavier lines. 

Note that the spatial relationship between the pipelines and the other levels is 

suggested by mere superimposition, with little attention for the specification of 

details. The actual construction of the pipeline required coordination with that 

of the building, but this coordination and the details of the integration between 

the two structures is left to the technical skill of masons. In the pretechnological 

epochs, specialized construction workers were protective of their competencies 

uninterested in divulging their techniques for solving construction problems. 

Operational graphics from the pretechnological epochs often lacked detailed 

information because the corresponding knowledge was shared by all the 

members of the construction guilds. A social knowledge diffused among 

masons, woodworkers, and master builders automatically guaranteed the correct 

translation into concrete technical solutions of the needs specified by the 

drawing. The Renaissance artisan could translate an illustrative drawing into an 

actual project. Using the drawing as a guide to the final effect to be achieved, he 

was proud of his technical and cultural tools. The increased specialization that is 

typical of modern mass production, on the other hand, requires increased 

specification of all details and operations involved in the production of goods. 

The final outcome of this process would be the complete separation between 

construction and design, between the project and its concrete instantiation. 

Descriptive geometry would later provide the tools needed to specify all the 

details of construction in the planning stage. In the Arabic miniature of Figure 

4.15, which represents an "automatic 

4.15.   An Arabic 
miniature from the 1Mb 
century depicting an 
automatic machine, 
Istanbul, Biblioteca 
Museo Topkapi. From 
Storia del Pensiero 
Filosofico e Scientifico, 
Vol. I, 1970, L. 
Geymonat (Ed.), 
Milano: Garzanti. 
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4.16.   Huygens, 1673, 
Horologium 
Oscillatonum. Schizzi 
preparatori. Oenvres 
complìtes de Christiaan 
Huygens, La Haye: 
Martisues Nighoff with 
kind permission from 
Biblioteca Universitaria 
di Padova-ltaly. 

machine," the emphasis is more on figural and decorative elements than on the 

technical and mechanical features that make it work. But these two levels will 

eventually separate. If demonstrating how a machine works is the requirement 

(Figure 4.16), details pertaining to decoration will be overlooked. Conversely, if 

the aim is to provide a sense of the external decoration, then function will be 

overlooked (Figure 4.17), This is true even if two images with different 

functions share the same subject. As a consequence, the same object comes to 

life not once but two, three, or more times. With regard to representations, one 

object is actually many different objects. A specific mode of representation 

tends to emphasize one of the possibilities and make others parenthetical. 

HOW TO SEE THE EIFFEL TOWER 

AND HOW TO BUILD IT 

An excellent example of the active process of emphasis and exclusion is pro-

vided by two images of the same object, but created with different goals in 

mind. Consider the Eiffel Tower. In the two examples here (Figure 4-18 and 
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4.16.   (Cont.) 

 

4-19), each image contains the information that is neglected by the other. I hope 

to clarify, once more, that just like any other means of communication, 

drawings are useful not because they contain all potential information, but 

because they inform in a purposeful manner. Useful drawings are not exhaus-

tive, they are selective. The view presented in Figure 4.18 takes us inside the 

building and creates the impression of being in the middle of the scene. The 

visible structure is extremely complex and appears articulated in a space that is 

both visibly large and dilated beyond the visible limits of the image. Viewing 

this picture, one could not understand how the beams were constructed, and yet 

the viewer is taken by the dynamics of the visible space. The fascination of "it's 

as if I were there" overcomes the ignorance of "how it stands up." 

The attitude of an observer changes dramatically, along with the cor-

responding cognitive dynamics, when looking at the view presented in Figure 

4.19. Here the suggestion of space disappears, along with the experience of 

open air in between the metallic structures. Instead, the structural components 

are emphasized in their different parts, and the differences in materials are 

marked through variations in the graphic symbols used. The result highlights 

how the metal beams were built and placed in the desired network of spatial 

relationships. Even more important, it is always possible to retrieve the actual 

dimensions of each part. Information about the different parts of the building is 

readily accessible at different levels 
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4,17,   The Clock-Case. 
In Handbook of 
ornament, 1957, by F. S. 
Meyer, Dover. 

of spatial scale. The switch from the structure as a whole to the details of the 

elements can continue almost endlessly, creating different individual objects at 

each step. Looking at the different blocks of Figure 4.19, one can switch from 

the whole object to its parts without any feeling for a hierarchy: The screw of 

Figure 4.19.4 is equally important as the spire of Figure 4.19.1. Appropriate 

uses of scale neutralizes any hierarchy of value. In the practice of construction, 

there is no hierarchy between different parts. 

In summary, I claim that Figure 4.18 produces a perceptual effect anal-

ogous to that which would be experienced while actually being in the portrayed 

environment; Figure 4.19 elicits a search for clues concerning the practical 

operations needed to build or otherwise act on the represented entity. The two 

drawings differ in which aspects are emphasized or neglected. In Figure 4.18, 

the hierarchy of space is presented as a function of distance; the picture as a 

whole can be correctly termed a "frozen optic array," for it consists of the 

projection of an object from a particular viewpoint. Space is dilated beyond the 

paper, and it is utterly impossible to 
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4.18.   Poyet, 
Construction Work at 
the Tour Eiffel. From 
Victorian Inventions, 
1971, by L. De Vries, 
John Murray. London 
(UK). 

retrieve precise measurements of the dimensions of the portrayed elements, 

despite the human figures that suggest a large building of monumental pro-

portions. In Figure 4.19, hierarchy is neutralized, both spatially and structurally. 

The parts presented are disassembled and cannot be visually reconciled; the 

various parts appear to be simply placed "on top" of the paper. Precise measures 

and assembling operations are readily retrievable, however, even though one 

has no visual appreciation for the size and complexity of the structure. 

So far, I have discussed the dialectics of emphasis and exclusion in terms 

of a selection of the infinite sources of information that are present in any 

object, both real or imagined. When the object becomes concrete in a drawn 

form, it is re-presented in a manner that depends critically on the commu-

nicative intention of the artist. But this intention usually is also recognizable. If 

we ask an illustrator, a technical designer, and a cartoonist to draw the same 

object, we will receive three substantially different representations. And even 

more important, viewers of the drawings will be immediately aware of the 

cognitive attitude needed to understand them and of the information one should 

expect to acquire. The subtle game of emphasis and exclusion 
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4.19.   Building 
specifications for parts 
of the Eiffel Tour.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

oversees all uses of the graphic media. Unavoidably, this interplay is 

reflected by appropriate choices of graphic marks. Thus, the features of 

graphics and the rules of their manipulation must be the focus of interest for 

those who wish to understand graphic communication. The next chapter is 

devoted to this topic. 
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CHAPTER 5 

WHAT MAKES A  
GRAPHIC IMAGE WORK 

n this chapter, we disassemble representational graphics to look at their 

parts. By analyzing the graphical and cognitive components of graph-ics, 

we try to understand how and why graphs work. Sheena Rogers (1) 

correctly called veridicality the property exhibited by representational 

drawings. The extraordinary diversity of graphic applications goes well beyond 

the pure representational function, however. The diagram presented in Figure 

1.1, even if incomplete, offers an overview of this diversity. In this chapter, I 

survey the different threads of the diagram and their corresponding examples. I 

begin with thread number 2 and with a set of graphic representations for objects 

and scenes that are related to veridicality by stronger and weaker connections. 

These examples demonstrate how veridicality is not an "all-or-nothing" quality. 

Instead, it can possess different gradations, from the strong connection between 

a real object and its representation that one finds in trompe l'oeil to the absence 

of any correspondence that one finds in abstract drawing. Next, I discuss thread 

number 3. In the drawings that belong to this thread, there is no relationship of 

veridicality between graphic productions and the represented segments of 

reality. There is, however, a visually compelling correspondence between 

nonvisual aspects of reality and the graphic symbols used to represent them. 

These symbols possess an intrinsic potential for communication, based on the 

functional properties of the visual system, but the communication does not 

require a correspondence between the drawing and the visible world. 

VARIETIES OF VERIDICALITY 

Figures 5.1, 5.2, 5.3, and 5.4 present four scenes exhibiting different degrees of 

correspondence with a physical layout of objects in the environment. Figure 5.1 

represents a landscape by Callot. The experience of depth and three-

dimensionality of the objects in the depicted scene is comparable with the 

experience one would have from the real scene observed from the appropriate 

viewpoint. To achieve this effect, the drawing contains several depth cues, 

including linear perspective, aerial perspective, shadows and 
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5.1.   Landscape. 
Callot, The Water Mill. 
From Callot's Etchings, 
1974, by H.Daniel, 
Dover 1974. (Reprinted 
with permission) 

shading, interposition, relative size, and texture (2). In terms of veridicality 

Figure 5.2, a horse's head drawn by Pisanello, is similar to the scene by Callot, 

but its phenomenal impact is substantially different. Although the overall im-

pression of three-dimensionality is strong, the head of the horse emerges from 

the white paper in the space between the paper and the eyes of the observer. 

The phenomenal position of the head presumably depends on the absence of a 

naturalistic background. In Callot's image, in contrast, phenomenal space 

5.2.   Pisanello, Horse's 
Head (Departement des 
Arts Graphiques, Musèe 
du Louvre, item 2360). 
(Reprinted with 
permission) 
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5.3.   Supporting beams in 

the Parthenon. From 

Tecnica del Disegno, 

1982, by L. Benevolo, 

Bari: Edizioni Laterza. 

(Reprinted with 

permission) 

 

 

 

 

 

 

 

5.4.   A Weber 

carburetor, axometry. 

(Reprinted with 

permission) 
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extends entirely beyond the sheet of paper and away from the eyes of the 

observer. This difference will be discussed in greater detail in the next para-

graph. Without depth cues to articulate the drawn background, the effect that 

perspective theorists called sfondato cannot materialize. The surface of the 

drawing sheet remains the farthest spatial frame of reference, so that the 

depicted object necessarily appears in front of it. The example presented in 

Figure 5.3 is also a representation of a real object, namely, part of the 

entablement of the Parthenon. But this representation demonstrates a deliberate 

departure from veridicality. All the depth cues that could produce an experience 

of three-dimensionality are missing, and the image has an abstract quality 

because of the precise marks drawn using graphic instruments. The depicted 

three-dimensional object is flattened into two dimensions and shown from a 

theoretical viewpoint that could not be occupied in practice— a viewpoint at an 

infinite distance from the object. Finally, the example in Figure 5.4 is detached 

from veridicality in another way. It shows a Weber carburetor through a set of 

"exploded" views and in section. All the parts are shown as detached but not 

independent components of the object. The core of the object is placed at the 

center of the picture and drawn using an isometric axonometry. The constituent 

parts of the object are parallel to the three orthogonal axes of space, so that the 

main axis of each convex part coincides with that of the concavity that will be 

fitted to that part. This way of representing objects must take into account the 

perceptual articulation of the whole and its parts. Any object of some 

complexity is a whole made up of different parts, divided up in an arbitrary 

way. Consider Kosslyn's thoughts on the subject: "Although we talk easily of 

objects and parts, the line between them is not clear. Is a face an object or a 

part? In some sense, it is both" (3). 

For the purpose of our discussion, the important feature of this type of 

drawing is its ability to show how objects are made up of both external and 

internal parts. Exploded views and sections depict objects as one would need to 

imagine them when thinking about their assembly or their construction. The 

simultaneous presentation of wholes and parts and of the appropriate spatial 

relationships between them makes available information that is invaluable for 

the purpose of guiding actions. Figure 5.5 depicts a hypothetical model of the 

three-dimensional structure of a cellular component. The drawing has the 

character of veridicality because of the attention devoted to the correct depiction 

of spatial relationships in the object. This is a paradoxical veridicality however, 

because the depicted part of reality cannot be observed directly. This paradox 

introduces a theme, that of the relationship between veridicality and 

observability, which will be discussed in greater detail in the next chapter. At 

present, it is important to realize that the degree of veridicality of a drawing can 

be gradual. The general purpose of a drawing is to convey information through 

the visual medium. Sometimes this purpose can be reached more effectively 

moving away from veridicality rather than striving for it. 

Figures 5.6 and 5.7 are two examples drawn from a vast subset of graphic 

productions that have nothing to do with veridicality. The subset was 

represented in Figure 1.1 at nodes 17 (optical-geometrical illusions) and 18 

(paper-and-pencil perceptual research). These drawings represent nothing but 

themselves. They are not drawings of objects; they are themselves visual 

objects. A quick perusal of most books on the graphic arts or on the psychology 

of visual perception reveals a large number of examples 
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5.5.   Hypothetical 
model of the three-
dimensional structure of 
a cellular component. In 
Staehelin L. A., & Hull 
B., Junctions between 
living cells, Scientific 
American 1978. 
(Reprinted with 
permission) 

of such objects, which are considered interesting for their ability to intrigue 

viewers. 

Figures 5.8 and 5.9 present two depictions of displacement. A displacement 

may be decomposed into two parts: an object and its trajectory in time. The 

object can be shown, as in the two cases of Figure 5.8, or it can be implied, as in 

Figure 5.9, which shows the trajectories of bikers performing a mass exercise 

during the Worker's Olympics of 1925. The direction of the lines representing 

trajectories is intuitive or is represented explicitly by arrows. In this way, the 

drawing becomes a tool to represent not only figures and spatial patterns of 

objects and scene, but also spatiotemporal properties of an event. Figure 5.10 

represents such an event. Any transformation necessarily implies a temporal 

dimension: In this case, the temporal variation of a quantity, the value of stocks 

in the London and Paris markets. A sudden peak or a downward fall would 

represent traumatic events with great precision. Diagrams such as that of Figure 

5.10 provide immediate and comprehensive information because they exploit 

general and automatic perceptual processes, not only to extract optical 

information at the early stages of the process, but also to extract higher level 

properties such the Gestalt psychologists "expressive qualities" or Gibson's 

"affordances" (4). Gibson created the neologism affordances to define 

characteristics that allow us to decide what is good or bad in the things with 

which we come in contact. The word affordance expresses, for example, the 

idea that air allows us to breathe and that the ground is a support on which we 

can rest. It allows us to recognize that water does not allow respiration, but does 

allow us to 

 

5.6.    Trademark by G. 
Meidinger. Catalogo 
Associazione Grafici 
Italiani, Alfieri, Venezia, 
1974. 
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5.7.   Drawings of 
geometric 
constructions. 

 
 
 
 
5.8.   Trajectories of 
object 
displacements. Note. 
From W. J. Bowman, 
Graphic 
communication, 
Reprinted with 
permission from 
John Wiley and Sons 
Inc., New York. 
(Reprinted with 
permission) 

 

 
 
 
5.9.   Trajectories of 
workers cycling. The 
Worker's Olympics, 
Frankfurt, 192.5. In 
Buonfino, Cacciari, 
Dal Co, Avanguardia 
Dada Weimar. 
Venezia, Arsenate 
Cooperativa Editrice, 
1978. 
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5.10.   A diagram of 
the evolution of prices 
of' two stocks at the 
Paris and London stock 
markets. From 
Semiologie graphique, 
by J. Bertin, 1967. 
Villars: Mouthon 
Gauthier. (Reprinted 
with permission) 

drink; and because it is fluid, it can be collected in a container and used for 

washing, but it is not a good support for heavy bodies. The optic information of 

water is well specified by the features of its surface, especially by its rippling 

fluctuations. The visible features of solid objects show instead the possibility of 

being manipulated, modified, modeled, and so forth. Every substance, every 

surface, every arrangement allows something in favor of or at the expense of 

something else. Gibson stated that the central problem for a theory of 

affordances does not concern whether these exist or not, but the understanding 

of how does environmental light convey this specific kind of information. 

Because the same stimulus provides information both for the perceptual 

outcome of formal-dimensional-positional features and for affordances, it is 

possible, according to Gibson, that two classes of invariants are working at 

different levels, providing simultaneously both types of information. One can 

think about a low-level class of invariants, such as those concerning formal and 

spatial characteristics, and about a high-level class of invariants, such as those 

concerning affordances. Diagrams are an excellent example of the interaction 

between top-down and bottom-up processes. "Reading" a diagram requires the 

activation of a data-driven process, which is responsible for registering the 

position of dots relative to the two-dimensional framework on the drawing 

surface. At the same time, however, a conceptually driven process is activated to 

assign a specific meaning to each of the dimensions and to appreciate their 

contribution for a specific position. The construction of diagrams, and the 

interpretation of them, represent two faces of an interesting perceptual and 

cognitive problem (5). 

A special form of drawing is the geographic map. Maps are special because 

they represent specific portions of the real world, but they are nonetheless 

essentially free from concern with verisimilitude. This is so because what 
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one observes on a map is not a replica of an environment seen from a potential 

viewpoint, but what one would see from an artificial satellite high up above the 

area. Of course, one could in theory occupy such high viewpoint, but maps 

have a much older history than satellite launching and human space flight. 

Mapmakers and geographers seem capable of conceptualizing and representing 

the equivalent of satellite-based imaging, but this process is not grounded in 

verisimilitude. In mapmaking, the viewpoint chosen to construct the projection 

of the represented region is of great importance. In fact, the choice of where to 

position the virtual viewpoint of the projection is decisive in making the map 

reliable. If, for instance, the region that must be represented is very large, then 

the mapmaker faces the problem of the distortions of the spherical surface of 

the planet when this is projected into two dimensions. One the must make 

choice. If the map must represent distances reliably, then a parallel projection 

is needed, and the viewpoint must be placed at infinity. This will distort the 

outlines of the represented regions. If, instead, the map must represent forms, 

and distances are not crucial, one would choose a polar projection. Geographic 

maps are obvious examples of the processes and the decisions involved in 

communication through images: The choice of viewpoint and the dialectic 

between emphasis and exclusion. Think about the differences between a 

political and a physical map of the same region, or between a road map and an 

orthographic map. 

Another choice a mapmaker must consider is the scale. This choice pro-

vides a value for the particular trade-off between represented area and the 

number of details included. The larger the represented area, the smaller the 

number of details that can included per unit area of the paper. An analogical 

coding of a very limited portion of the terrestrial surface is called a 

topographic map. Topographic maps are a very old form of diagram, as is 

shown by the examples of Figure 5.11. They date approximately to 2000-1500 

BCE, that is, more than 1,000 years before Anaximandrus (610-547 BCE) is said 

to have produced the first geographic map. Apparently, it took a long time to 

make the conceptual leap from two-dimensional representations of directly 

perceivable terrain to those of large areas that cannot be experienced in a 

unitary way, but must nonetheless be represented coherently. 

STRUCTURAL COMPONENTS OF 

DRAWINGS 

I have argued that veridicality is neither the sole nor the most important 

connection between a drawing and reality. I have shown, furthermore, that 

drawings can portray temporal transformations and that they can synthesize in 

a single representation the main spatial features of a large geographic 

environment. To understand how graphics, despite their extreme material 

poverty, manage to represent such a variety of things and concepts, we must 

do three things. The first is to analyze graphic art in its elementary 

components. The second is to understand how these different components are 

combined to reach specific communicative goals. The third is to list the rules 

that apply, in different contexts, to these combinations. For the purpose of 

analyzing graphics into components, an initial distinction can be drawn 

between two families of constituent elements. I will call these the "primary" 

and "secondary" components. The distinction between them is purely 

operative, in that none of the two components can exist without the other in a 

concrete drawing. 

104  The Psychology of Graphic Images 



5.11.   Topographical 

Map of the City of 

Nippur, 2000-1500 a. 

C. In Benevolo, Storia 

della Citta, Bart, 

Laterza, 1976. 

(Reprinted with 

permission) 

 

 

 

 

 

 

 

 

 

 

Primary components. Primary components have to do with the material aspects 
and the perceptual-cognitive implications that are common to all graphics in all 
cultures. They are (a) the characteristics of graphic marks, (b) the kind of 
relationship that one can establish between the surface of the drawing paper and 
the surfaces of the portrayed objects, and (c) the modalities through which the 
communicative goals of the artist influence the process of emphasis and 
exclusion. 

Secondary components. Secondary components, in contrast, are those that 

depend on the place, time, and culture that are the environment for the pro-

duction of a drawing; in addition, secondary components also depend on the 

personality and style of the artist. The number of these components is large, for 

they differ by historical period, country, and artist. At a sufficiently detailed 

level of analysis, one could say that they differ in each new drawing. The 

secondary components of graphics are the subject matter of the history of art and 

of art critics. I am interested in these only marginally. 

The objects of my study are the primary components, which are 

fundamental to investigate how graphic notations are formed. In contrast to 

secondary components, the primary ones are easy to define and finite. Graphic 

marks, which can be subjected to an infinite range of variations, constitute the 

most basic class of primary components. As anticipated in the first chapter, any 

time I talk about "lines," "traces," or marks, I refer to symbols produced by a 

human-controlled tool on any surface, aiming at communicating some content. 

In the 1974 edition of Art and Visual Perception, Arnheim discussed three ways 

of using a line to achieve specific phenomenal effect. 
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5.12,   Examples of  
object lines 

 

 

 

These are lines as objects themselves, lines as edges of surfaces, and repeated 

lines that produce the effect of texture on a surface. 

In my own analysis of graphic productions, I reached similar conclusions 

(6). Lines can indeed function as objects, as margins, and as texture elements. 

Going beyond Arnheim's classification, however, I found that lines also can be 

classified along another dimension, that of the mode of production which has, 

on one end, lines that are drawn perfectly by mechanical means or with the aid 

of instruments and, on the other end, lines drawn freehand with all the related 

imperfections. Recently, I worked on a further development of my work on the 

use of graphic lines (7), adding a fourth type of line, the line as a crack in a 

surface. This four-way classification exhausts the basic elements of any 

possible type of drawing. 

Lines as Objects 

In Figure 5.12a, we see a black segment, or a pole; Figure 5.12b is something 

that looks more or less like a fork. Figure 5.12c depicts the body of a 

schematic man. In Figure 5.12d, an object suspended on a rope attached at one 

of its extremities (8). This kind of mark is isomorphic to objects that are thin 

and that extend in one direction only. These objects are not uncommon. 

Consider, for instance, Figure 5.1, where we can see a rope holding a bucket, 

the masts of sailboats in the background, and the rope attached to the net on the 

foreground. In addition, the line object is useful to represent abstract geometric 

elements, such as the "rays" in Figure 5.6, or the lines that form the pattern of 

an optical-geometric (Figure 5.7). Finally, line objects are useful to represent 

virtual lines, such as the trajectories of Figure 5.8, or the unfolding of a 

transformation over time as in Figure 5.10, or a curve graphing a function. 

Object-lines are drawn through space but do not divide space into parts. 

Regions on either side of the line object are interpreted as belonging to the 

same background. Furthermore, line objects always represent an object that is 

"in front" of the picture plane. Therefore, they are always phenomenally 

"closer" to an observer. Line objects are usually open, that is, they are not 

connected to other lines, and they tend to be open on both ends. For this 

reason, the background usually completely surrounds object lines. In Figure 

5.13a, we see four segments that meet forming right angles, but intersect in 

ways that leave their extremities unconnected. Note that the rectangular region, 

even if completely enclosed by the segments, does not 

5.13.   The difference 
between object lines 
(left) and edge lines 
(right). 
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5,14,   Examples of 
edge lines. 

appear segregated from the background (Figure 5.13a). Instead, we see four 

independent intersecting line objects. Note also that the segregation of the 

rectangle takes place in Figure 5.13b, where a continuous edge appears to have 

a rectangular shape. 

Lines as Edges 

In the cases shown in Figure 5.14, objects are no longer represented simply by 

lines. Rather, they correspond to surfaces that are delimited by graphic marks. 

The lines now become edges that belong only to figures; that is, they acquire a 

"unilateral" function (9). Backgrounds lack edges and therefore appear to 

continue behind the figures. A perceptual split takes place in the perceived third 

dimension, despite the fact that the regions drawn on paper are physically on the 

same depth plane. With regard to phenomenology, the area delimited by a 

closed contour does correspond to a gap in the background. Thus, the region on 

one side of the edge line is completely different from the region on the other 

side (10), meaning that the "inner" region appears to be a different egocentric 

distance than the "outer" one. The edge line becomes the contour of an object, 

and this forces the enclosed region to appear closer to the observer. Typically, 

the terminators of edge lines are not isolated, but they intersect other edge lines 

or bend to form a closed contour. In many multistable patterns, edge lines are 

connected in such a way that there can be an inversion of border ownerships 

along lines. This intriguing effect is exemplified by the so-called impossible 

figures (see Figure 5.15) (11). 

Lines as Cracks 

Drawn lines can sometimes represent splits or ruptures on a surface (12). Crack 

lines are edges that belong to both sides of the surface, for they separate two 

parts of the same object. Examples of crack lines are the fissure that separates 

the two doors of an elevator or the lines that represent the mouth and eyes in the 

outline faces of Figure 5.16. Crack-lines are used sparingly in graphic 

productions, most likely because it is difficult to make a graphic mark to look 

like a crack. The reasons for this difficulty will be discussed in chapter 7, where 

I analyze the problem of how one can draw a hole. A crack line is made up of a 

line that separates two parts of a surface, or two juxtaposed objects such as the 

stones that make up a wall or the tiles laid out on the floor. In the last case, the 

line serves three functions: to border the right object (in the case of Figure 5.17, 

stones), to border the left object, and to define the fissure, that is, the space 

between the two stones. An additional, and far from secondary, feature of crack 

lines is their role in the recognition of expressive components (13). Crack lines 

are immediately connected with the notion of a fracture, a traumatic 

modification of an object due to an aggressive external agent. For this reason, 

lines are more easily interpreted as cracks when they are presented in 

conjunction with features that evoke 

Chapter 5: What Makes a Graphic Image Work   107 

 



5.15.   Checking for a 

leak in the basement. 

From Mind sights, 1990, 

by R. H. Skepard, New 

York: Freeman. 

 

 

 

 

 

 

 

 

 

5.16.   Examples of 

crack line. From S. 

Steinberg, Dessins 

1945-1954, Paris: 

Gallimard. Proprietè: 

Agence Hofman. 

(Reprinted with 

permission) 

5.17.. The Temple of 

Cough. Etching by 

Piranesi, from Focillon, 

Piranesi, Henri Laurens, 

1963, Paris. (Reprinted 

with permission) 
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5.18.   Another 
example of crack line. 
from Rilievo per il 
restauro, 1990, by L. 
Marino, Torino Hoepli. 

irregularity, causality, and lack of predictability. If you compare the drawing 

of Figure 5.18, you should appreciate that the crack line is more easily seen in 

the asymmetrical and irregular pattern. 

Lines as Texture 

When line elements are repeated on the picture plane, either without changes 

or with regular changes that show a systematic progression (the regularity 

need not be exact, but it can be simply statistically approximate), then the 

drawn surface appears to possess texture. Textural elements can take on a 

number of different forms and properties: They can be lines, dots, dashes, or 

irregular marks, for example, see Figure 5.19. Given that textural 

5.19.   Examples of 
texture line. 
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elements are usually rather close to each other, the regions surrounding them are 

necessarily small geometrically, and in fact nonexistent perceptually. The 

textured surface appears as a perceptual unit that is "in front," as in Figure 5.20, 

in which the four longer lines, even if they are not interrupted at the point where 

they intersect the edge of the column, appear to pass behind the column defined 

by a texture of horizontal segments (14). By manipulating texture, an artist can 

show small materials (such as hair, grass, pebbles, leaves, or waves) or 

differences in the color and the illumination of a surface (lights, shadows, 

transparencies, or physical color) or even material properties of a surface (such a 

rigidity, roughness, or hardness). 

Any skilled engraver knows how to maneuver adroitly between these infinite 

possibilities, usually succeeding in the production of visual texture that informs 

about the nature and the properties of a desired surface. The work of Piranesi 

(Figure 4.2) is an inexhaustible source of evidence for the informative 

possibilities of textures. By skillful manipulation of texture, one can achieve 

drawings that tell about subtle qualities such as the hardness, polish, and erosion 

of stone; the transparency and mobility of water; the waving tree leaves in the 

wind; the difference between light and shadow in the layout of objects; and the 

reduction of contrast with distance. This refinement in the use of texture is one of 

the outcomes of the introduction of perspective: Consideration of perspective is 

needed to evaluate textural changes on the picture plane to give the sense of 

surfaces slanting or receding in depth, as well as in the use of aerial perspective, 

the gradual reduction of contrast as a function of distance. Renaissance theorists 

gave ample attention to the correct use of texture, which was deemed fundamental 

to achieving the three goals of visual art: dignity, verisimilitude, and wonder. For 

instance, one of the most important art theorists of the 16th century, Daniele 

Barbaro (15), wrote: 

The true accomplishment in art is to draw contours in a delicate and subtle fashion, 

so that even those things that cannot be seen can be understood. This way of 

drawing is a sweet escape, a tenderness in the horizon of our field of view. It gives 

pleasure to the unsophisticated viewer, and it is source of wonder to the viewer aware 

of the technical difficulties. 

Gibson has demonstrated the fundamental role played by textures in the 

perception of the layout of surfaces. His analysis introduced the concept of 

stimulus gradient: 

Then, as the image differs progressively from point to point, the perceived surface 

can differ correspondingly in its distance or depth. There must in other words, be a 

stimulation gradient.. .  if repetitive order is the stimulus for visual texture, this 

would constitute a gradient of the impression of continuous distance (16). 

In Figure 5.21, Saul Steinberg, with unmistakable irony, proposed a 

ceremonious presentation of object lines, edge lines, and texture lines, the three 

most important kinds of lines presented here. In my opinion, this is an important 

contribution, even more so because it is constructed without using words. If one 

examines the examples in Figure 5.22 carefully, it can be noted that some of the 

structural elements of a texture have the same general properties of the first three 

classes of lines, transferred onto a smaller scale. 
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5.20.     The textured 
area is grouped into a 
single unit, and the 
horizontal lines appear 
to pass behind it. 



5.21.   Edge lines, 
object lines, and texture 
lines in a drawing by 
Saul Steinberg (S. 
Steinberg, Dessins 
1945-1954, Gallimard, 
Paris) © Agence 
Hofman. 

Starting from this example, it seems possible to make additional distinctions 

among texture lines. Cutting and Massironi (17) suggested a four-way clas-

sification: 

1. Texture lines as edges depict small objects nested within a larger object. 

Examples include depictions of cobblestones in a street (Figure 5.22a), the 

patterns in tree bark, or waves on a large body of water. Each such edge has 

a near side and a far side, but in a drawing or painting seldom is there any 

attempt to draw all cobbles, all bits of bark, or all waves. What is drawn are 

only a few emblematic strokes. Gombrich (18) called this "the etcetera 

principle," and it is applicable to texture of all types. 

2. Texture lines as objects appear on larger objects. Examples are ripples on a 

pond (Figure 5.22b), hairs on a head, fur on a pelt, and grass on a lawn. In 

such cases, each line represents a single small object. Moreover, at a 

particular local pictorial depth around the stroke, each such texture line 

appears against a pair of regions of slightly greater depth. 

3. Texture lines as cracks may or may not create small objects, but they always 

make patterns on a larger object. The mortar lines between bricks are created 

by texture lines and designate small objects within a larger one, but the 

tessellated cracks in the dried mud of a lake bed (Figure 5.22c) do not 

inherently create smaller objects; they are simply texture patterns on a large 

objects. Nonetheless, in each case, what lies unseen inside the crack is at a 

slightly greater depth. 

4. Texture lines as color typically represent shadow or different shades of light 

(e.g., Figure 5.22d). Thus, they are surrogates for achromatic color. At a 

normal viewing distance from the picture, dark lines and tightly spaced light 

regions tend to assimilate and approach a gray. No depth relations are 

implied, except perhaps as inferred by a light source (19). 

 

 
 
 
5.22.   Texture lines as 
edges, objects, cracks, 
and color. Cutting, J. e 
Massironi, M. (1998). 
"Pictures and their 
special status in 
perceptual and cognitive 
inquiry." In J. 
Hochberg (Ed.), 
Perception and 
cognition at century's 
end, Academic Press, 
New York 1998. 
(Reprinted with 
permission) 
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5.23.   Graphic 
symbols drawn 
freehand. 

The set of lines in Figure 5.23 has been sketched without a ruler. For this 

reason, all the lines are different from all the others, and it is practically 

impossible to reproduce them without the aid of some mechanical or 

photographic device. If one tried to copy them by hand, any careful observer 

would easily detect differences from the original. In general, the longer the line, 

the more difficult the reproduction. In Figure 5.23, one can easily determine that 

each line is different from all the others, even though some of them are the same 

length and some tend to have approximately the same pattern. Moreover, if we 

were to look at only one line at a time and were requested to make comparisons 

based on memory, it would be difficult to make correct judgments (20). Lines, 

just like any other graphic mark, are defined in a space with three dimensions: 

length, width, and pattern. The ability to discriminate between length and width 

is based on psychophysical constraints, whereas the ability to discriminate 

between patterns is based on processes of perceptual organization and unit 

formation. Differences in the properties of a graphic mark that depend on the 

mode of its execution convey information that can be used for graphic 

communication. If one decided to divide all graphic products according to the 

manner of their production, one would obtain two sets: the set of graphics with 

marks drawn using instruments and graphics with marks drawn freehand. One 

would also note that the elements of each set are homogeneous in terms of their 

communicative goal and of the kind of information that they can convey. As 

further illustration of the distinction, try this: Take a ruler and redraw the lines 

of Figure 5.23; using a ruler, one can obviate to the unavoidable imprecision of 

freehand sketching to obtain lines that look like those in Figure 5.24. The lines 

are still varying along the dimensions of length and width, but the variable that I 

have called "pattern" has now become completely irrelevant for discrimination. 

Historians of mathematics have not been able to determine exactly when 

the tools that allow us to draw straight lines were first discovered during the 

evolution of our culture. Egyptian geometers were allegedly called "rope 

stretchers" (21). But, evidence suggests that even neolithic humans were 

interested in spatial relationships of congruence and symmetry. To manipulate 

such concepts, they must have already learned how to free the abstract concept 

of a geometric line from the vagaries of freehand drawing. 

 

5.24.    Graphic 
symbols drawn with 
ruler. 

VIEWPOINT 

The preceding section was devoted to describing and analyzing the main 

component of any drawing: the graphic mark. We turn now to investigating the 

other basic constituent of graphic communication: viewpoint. Two properties of 

viewpoint are instrumental in defining which information is conveyed by a 

drawing and how the observer's expectations are set. The first property is the 

position of the viewpoint relative to the depicted object, which determines the 

slant of the picture plane relative to the surfaces present in the scene. The 

second property is the distance of the viewpoint from the object. It is important 

to clarify at the outset that these two properties are active factors not only for 

representations that aim at reproducing objects with some degree of 

verisimilitude, but also for abstract graphic productions. 
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Viewpoint position. I have defined drawings as sets of graphic marks drawn on 

two-dimensional surfaces. It will be useful, for the purposes of the present 

discussion, to think of the drawing surface (say, a sheet of a paper) as having 

the same properties as one of the structural components of cognitive processes. 

What I have in mind is Baddeley's (22) notion of a "visual spatial sketch pad" as 

one of the key components of working memory, or that of a "visual buffer" as 

proposed by Kosslyn (23). As discussed in the previous chapter, Kosslyn's 

visual buffer is a cognitive structure that possesses topographic organization, is 

capable of containing an enormous quantity of implicit spatial information, and 

can feed some of this information to the visual areas of the brain. The input to 

the visual buffer is provided by "images produced by low-level vision 

subsystems or via priming in the pattern activation subsystems," whereas the 

operations that can performed by the buffer are the "retinotopic representation 

of perceptual image, topographic representation of mental image, organized into 

units bottom-up" (24). "The visual buffer contains much more information than 

can be processed at the same time, and hence an attention window selects one 

portion for thorough processing" (25). Each time I mention a "plane of 

representation," I mean both a drawing surface and its cognitive equivalent, 

which we could picture as a sort of enhanced Alberti's window intersecting light 

rays as they are reflected by objects, but also capable of performing a first 

processing of sensory input. 

With regard to drawings, the role played by the plane of representation is 

connected to the contents that one wants to transmit by manipulating the 

tradeoff between emphasis and exclusion. Each drawing conveys a sense of the 

slant of the plane of representation relative to the represented scene. You can 

also think of this slant in terms of its equivalent, which is the slant of the scene 

relative to the plane. 

As I will explain later in this chapter, the slant relative to the plane of 

representation is an important constraint on how one builds a drawing, be it 

representational or abstract, and it also constrains how an observer reads the 

drawing. The relationship between the drawing sheet as a plane of 

representation and the represented object depends also on the structure of the 

represented objects. A number of aspects play an important role in this respect. 

These include: 

the prevalence of planar surfaces in the object (think of a regular solid, such 

as a cube); 

the main orientation of the object (a tree, for instance) 

the presence of axes of symmetry or other regularities (think of a vase) and 

the presence of sides that convey more information than others (imagine the 

top view of a butterfly as opposed to its frontal view, or the side view of a 

horse as opposed to its top view). 

The position of the plane of representation relative to the represented object 

depends logically from the position of the viewpoint, which is defined by the 

angle formed by the optical axis of the observer with the represented objects. In 

a nutshell, the optical axis is the height of the optical cone or visual pyramid. 

Imagine that both your retinae lie on the same plane and that this plane rotates 

in the direction of your gaze. The optical axis is the 
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line perpendicular to that plane at the midpoint of the segment connecting the 

centers of the two retinae. The angle formed by the optical axis with the 

represented objects can take on two classes of values that are important for our 

discussion. First, the angle between the optical axis and the object can be equal 

to 90°. Second, the angle can form angles with these structures that are 

markedly different from 90°. 

When the angle is exactly 90°, the corresponding viewpoints are special, in 

that they preserve in the projection certain metric relationships that are present 

in the object. For instance, for each point on a planar surface and for a given 

distance, there is only one viewpoint in such a manner that the optical axis of 

the observer is perpendicular to that plane, whereas there are infinite viewpoints 

in such a manner that the optical axis is not perpendicular to that plane. For 

each point on the corner formed by the junction of two half planes, there are 

infinite viewpoints if the optical axis forms two right angles with the corner. 

These viewpoints must belong to a plane orthogonal to the corner itself, 

however. If an object possesses rotational symmetry around the vertical axis 

(for instance, in a vase), the relationships between the optical axis and the axis 

of symmetry of the object will be the same as that with corner. Gibson 

presented the difference between these two possibilities in the following way 

(26). 

Consider for a moment the physical environment from which light is reflected that 

is projected onto the retina. The problem of distance perception has been reduced to 

the question of how we can see surfaces parallel to the line of sight. These will be 

called longitudinal surfaces to distinguish them from frontal surfaces, which are 

perpendicular to the line of sight.... The surfaces of the physical environment and its 

parts are either longitudinal, frontal, or somewhere between these two extremes. 

Viewpoint distance. The distance between the viewpoint and the represented 

scene is the second fundamental constraint on how drawings convey 

information. Marr (27) noted that perspective representations are viewer-

centered object descriptions, whereas nonperspective representations are object 

centered. In practice, however, pictures that are either exclusively viewer 

centered or object centered are quite rare (28). Most pictorial representations 

occupy an intermediate position between the endpoints of the continuum in 

Marr's definition. In distinguishing between viewpoint position and viewpoint 

distance, the classification I propose here is more informative precisely because 

of these intermediate cases. I hope, therefore, to be able to analyze these images 

in a more articulated fashion. To get a sense of the relationship between the two 

ways of classifying images, consider that a completely viewer-centered 

description, which corresponds to an image that has the viewpoint at a random 

position relative to the scene and at some finite distance from it, whereas a 

completely object-centered description exists at a specifically chosen viewpoint 

position but at an infinite distance. Given that there are two other basic ways of 

pairing distance and position, the classification proposed here promises to 

divide images in a more articulated and fruitful way, in accord with the 

observations of Willats. 

As for viewpoint position, there are two classes of distance that are relevant 

to our definition. The first comprises all the cases in which the viewpoint is at a 

finite distance from the scene. The second includes all the 
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cases in which the distance from the scene is infinite. Of course, this latter case 

corresponds to a theoretical possibility, for nobody will ever be able to look at 

an object from an infinite distance. Nonetheless, the possibility becomes 

concrete for the artist, who can choose to place the viewpoint at an infinite 

distance when trying to emphasize certain kinds of information and neglect 

others. As we will see shortly in the discussion of operational drawings, to 

represent a scene with a projection having the viewpoint at an infinite distance 

means to neutralize any perspective clue to three-dimensionality, reducing all 

objects to the paper surface. Thus, any scene becomes tractable within the 

domains of descriptive geometry. Conversely, to draw the same scene with a 

viewpoint at some finite distance means to create the conditions for plausible 

three dimensionality from the two-dimensional picture. Instead of descriptive 

geometry, we will be using projective geometry. Depending on how the graphic 

marks are laid out on the paper, observers will achieve different impressions 

about the layout of the represented object surfaces, and correspondingly 

different expectations. 

MANIPULATING THE COMPONENTS 

OF DRAWINGS 

We have now disassembled the simple and economic mechanism that consti-

tutes a drawing. It is now time to discuss how the structural components of a 

drawing can be manipulated for the purpose of producing a drawing with 

specific functions. Thus, we will now discuss how these components can be 

recombined as a function of the information that one strives to transmit and of 

the communicative goals one is trying to achieve. 

Let us start with a brief summary of the components we have isolated. The 

first, the graphic mark, can take on four different forms: the object line, the 

edge line, the crack line, and the texture line. Texture lines in turn can take on 

three different forms, as detailed in the previous sections. In addition, each of 

these types of graphic marks can be drawn in two different ways: They can be 

drawn precisely, using appropriate instruments, or they can be drawn freely by 

hand. 

The second component, the position of the viewpoint, can be chosen 

according to two different criteria. One is purely aesthetic. Choose the 

viewpoint that yields the most informative, more easily recognizable, and more 

convincing representation. In some sense, this an empirical issue: One tries 

several versions and chooses the best. The other criterion is utilitarian. Choose 

the viewpoint that best guarantees the correct recovery of the information one 

wishes to convey. Note that here you are not concerned with the most 

informative viewpoint, but with the viewpoint that best suits the transmission of 

a specific piece of information. To that aim, the best choice is usually to 

position the viewpoint at right angles with one of the structural components of 

the object. This choice is rational and principled; the choice of positioning the 

viewpoint at an infinite distance from the object always obeys this second 

criterion. In fact, the choice of this position is so important that it establishes the 

foundation for a whole branch of geometry, the "descriptive" geometry that 

provides a complete system for representing part-whole relationships in objects. 

The third component, the distance of the viewpoint from the represented 

object, divides in two major classes: finite distance and infinite distance. 
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5.25.   Projections of a 
solid from different 
viewpoints. 

When the viewpoint is placed at a finite distance, the object obeys the rules of 

perspective. Therefore, lines parallel to the optical axis converge toward the 

same point on the horizon (see Figure 5.25b). If instead the viewpoint is at an 

infinite distance, the depicted object obeys the rules of parallel projections. 

Therefore, lines parallel to the optical axis remain parallel (see Figure 5.25c), 

The projections of the Fiat 500 automobile in Figure 5.26 synthesize all that I 

have said about viewpoint position and distance. The drawings on the P and P' 

planes have random positions and finite distances. Those on the P1, P2, and P3 

planes are drawn using a specific viewpoint at an infinite distance. It is 

important to keep in mind that the decision on viewpoint position and distance 

has a much greater cognitive-communicative character than geometric one. The 

artist must make this decision even if there is no real object to refer to, which is 

the case when drawing something imaginary and nonexistent or when one is 

trying to make a graphic model to illustrate logical relationships visually. It also 

is apparent that the structural components of a drawing are mutually exclusive 

between classes. A line cannot be object 

5.26.   Projection of a 
Fiat 500 car. From 
Petrignani, M., Disegno 
e progettazione, 
Edizioni Dedalo, Bari 
1967. (Reprinted with 
permission) 
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and edge at the same time, and the viewpoint cannot be simultaneously in a 

random or specific position or at a finite and infinite distance. 

In making a certain choice, the artist puts into the drawing metacontextual 

information regarding the nature of the graphic product and about the viewing 

approach required by the observer. Thus, not only are the different components 

of a drawing selected and combined depending on the contents that one wants 

to transmit, but also these combinations show up constantly within each class of 

drawings as a sort of unwritten set of rules. One can then take the whole of 

graphic production and define subsets of it that have similar communicative 

functions. The number and kind of these subsets is not fixed. New subsets can 

emerge with new communicative needs. To verify these conclusions, let's 

examine three categories of drawings: illustrative, operational, and taxonomic. 

These three categories are probably the richest in number of graphic 

productions and are continuously increased by new inventions and 

contributions. I will draw the distinction between the three classes based on a 

functional criterion because I consider drawing a tool for communication that 

can modify its structure when its function changes. In this, drawing is 

substantially different from language, which maintains the same grammatical 

structure even if the contents one needs to transmit vary widely. 

ILLUSTRATIVE DRAWING 

Illustrative drawings are graphics that represent external reality or entities that, 

even if not experienced by observers in real life, are nonetheless drawn to 

appear as potentially observable. For the latter reason, illustrative drawings 

include figures that have symbolic functions. Think about much-exploited 

themes such as that of the Apocalypse, in which the artist draws monsters that 

come to Earth to warn mankind about the coming of the great event, and he or 

she draws them as concrete creatures even if they are nonexistent. Thus, the 

criterion for placing a drawing into this category is not the ontological status of 

the subject, but simply the mode of representation of objects, scenes, and 

characters. Symbolic or allegorical meanings are completely irrelevant. I group 

graphics from all ages under the rubric of illustrative drawings, from prehistoric 

cave etchings to today's cyberpunk comics. 

Although it is relatively easy to gain a rough understanding of the features 

of this category of drawings, to define its limits precisely is much more 

complicated. The domain of illustration lends itself to creative research, and the 

continuous innovations continually provide new challenges to attempts at 

classification. We could ask, for instance, to what extent certain drawings of 

Paul Klee can be considered as having illustrative functions (see Figure 5.27), 

even if it cannot be denied that they represent recognizable objects. Happily, 

however, to avoid these "borderline" cases will be easy because the vast 

materials available for analysis provides more than enough. 

If we accept that illustrative drawings are sufficiently homogenous in kind 

and in the use of their structural components, we can then attempt to outline a 

set of defining characteristics in terms of these components: line and position 

and distance of the viewpoint. In illustrative drawings, the use of freehand lines 

prevails, and these usually take on the form of edge lines and texture lines. Only 

in some special cases are these lines drawn using instruments, usually when 

representing artificial environments. Viewpoint 
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5.27.   A special case of 
drawing with illustrative 
function: Paul Klee, 
Dutch Cathedral, 1927. 
From Klee drawings, 
Dover 1982. (Reprinted 
with permission) 

positions tend to be chosen by trial and error, and distances tend to be finite. 

The construction of illustrative drawings has been formalized with discovery 

of the geometry governing perspective. Before perspective, each object in the 

scene was shown from a specific viewpoint belonging to that object only. The 

outcome was an image that was spatially incoherent, as we saw in the portrait 

of the Antichrist in Figure 4.13, which depicts not a single environment, but a 

collection of objects each shown from its own viewpoint. With the advent of 

perspective, all the viewpoints used in earlier representations are collapsed in a 

single-observer position for the whole scene. The viewpoint of the perspective 

rendition becomes in this way the framework for the generation of a hierarchy 

and of a homogenous spatial order. All the elements of the hierarchy become 

subordinate to this framework. The discovery and the formulation of the 

geometry of linear perspective represents an exceptional achievement of the 

visual cultures of the world, so compelling that it became the cornerstone of all 

Western art from the 15th through the 19th centuries. The widespread use of 

perspective was accompanied by a flurry of theoretical treatises and of 

practical handbooks. Even today, after geometry has lost interest in projective 

geometry, the study of linear perspective continues in the interpretation of its 

cognitive implications, producing fertile analyses and interpretations (29). 

OPERATIONAL DRAWING 

Operational drawings serve the function of preserving and transmitting in-

formation useful to performing operations (such as modification, construction, 

or destruction) on objects or on the environment. To this end, the most 

important aspects of this category have to do with dimension and relationships 

between parts. For efficacious operation, a drawing must preserve the 

dimensions of the represented objects, avoiding distortions, and showing in 

unambiguous fashion the constructive relations the relate each part to the 

whole. 

The components of operational drawings are the edge line and the object 

line (usually drawn using instruments), the choice of specific viewpoints, and 

placing viewpoint positions at an infinite distance from the object. We have 

seen that the basic components of illustrative drawings are based on the 
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5.28.   Palace facade, 
mosaics of 
Sant'Apollinare Nuovo 
in Ravenna, 5th and 6th 
centuries. In Benevolo 
L., Storia della città, 
Edizioni Laterza, Bari, 
1976. (Reprinted with 
permission) 

geometry of perspective; the geometric formalization of operational drawings is 

instead based on the rules of descriptive geometry. Before the seminal work of 

Monge's Geometric Descriptive (30), it was common to encounter images in 

which one of the faces of the represented object was frontal-parallel to the 

projection plane of the image. These images were used mostly to represent 

fronts of buildings or planimetries. Excellent examples are the Sumerian tables 

of Figure 5.11, the mosaics of the late Middle Ages of Figure 5.28, and in the 

projects of the Renaissance architects where the plan and the front of a building 

tend to be already connected, as in Figure 5.29. 

5.29.   Palladia, 1508-
1580, Villa Cornaro in 
Piombino Dese. In 
Palladio Andrea. I 
Quattro Libri 
dell'Architettura. 
Milano: Hoepli, 1976. 
(Reprinted with 
permission) 
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When Andrea Pozzo (1693) presented his perspective machines for scenic 

productions, he stated explicitly that a realistic and convincing representation 

must start from the three frontal presentations of a building. Before Monge, 

artists believed that the only important aspect of the viewpoint was its position, 

which had to be placed at the center point of the facade. Cultural conditions did 

not allow the correct interpretation of its indeterminate position in depth as 

being one of optical infinity. After Monge, the frontal plane is no longer simply 

the site of projection for a frontal object, it becomes the supporting framework 

for all the planes one must represent to provide metric and dimensional 

information about the represented object, as well as information about its spatial 

relations with other objects. 

In this way, after discovering perspective, the Enlightenment produced 

what we now call orthogonal projections. Perspective provided a system of rules 

for graphic notation with an illustrative functions. Orthogonal projections, on 

the other hand, provided a graphic tool for drawing plans and therefore were 

useful for practical purposes. To achieve this complex and sophisticated 

simplification, the mechanistic thinkers of 17th century had to cognize that 

geometry was the heuristic model par excellence, and Pascal and Leibniz had to 

provide the foundations that rendered the concept of infinity conceptually 

understandable and mathematically manipulable. Only then could orthogonal 

projections be understood as presentations of objects as seen from a viewpoint 

that no observer will ever be able to occupy—a viewpoint at an infinite distance 

from the scene. In orthogonal projections, space is rigorously conceived as 

purely Euclidean. Represented objects are dismembered along their orthogonal 

directions. As a consequence, artists had to give up using pictorial cues of depth 

to draw the object. Verisimilitude was thus abandoned in favor of an almost 

abstract treatment of the image. The practical value of the representation 

supported the new means of production that required plans and design to specify 

the stages of the project. Some examples of operational drawings were 

presented in chapter 4 (see, for instance, Figures 4.11 and 4.12), where again the 

pictures have been drawn while placing the viewpoint in a specific position and 

at an infinite distance. 

Some readers may ask how one determines the position of the viewpoint 

from looking at an image. After all, it is clear that this position must be in the 

mind of the artist, but how can one retrieve it from the picture? Does the image 

uniquely specify a given viewpoint, such that one can readily divide it into parts 

according to viewpoint properties? These are important questions, and they 

cannot be readily answered. The problem of tracing a two-dimensional 

representation back to the three-dimensional original is known as the problem 

of inverse projection. It is a problem that one finds over and over again in the 

study of perception and that also has important implications on how one may 

read a drawing—especially an operational drawing. 

Solving the direct projection problem, that is, going from the distal state to 

the proximal is a straightforward task. The circumstances are drastically 

different when the inverse projection problem is assayed: When the occurrent 

retinal state is known, it is impossible to pick out a unique distal property, 

object, or event as the source. In contrast to the direct projection problem, going 

from the occurrent proximal state to the distal state constitutes an poorly posed 

problem. The difficulty arises from the fact that although a specific distal event 

or arrangement is compatible with only a single retinal state, a given retinal 

state is compatible with countless distal states (31). 
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The problem of direct projection is the problem an artist solves whenever 

he or she sets out to draw a scene. The problem of inverse projection is instead 

a challenge for the observer of the image. Now, direct projection has a unique 

solution, but inverse projection does not, for the two-dimensional drawing of 

any surface is geometrically a legitimate projection of an infinite number of 

three-dimensional surfaces differently sized and angled relative to the 

viewpoint. Remarkably, when looking at a drawing, one does not feel disturbed 

by this wealth of alternative interpretations for each surface. To the contrary, 

most drawings do not appear at all ambiguous or uninterpretable. How can that 

be? 

The puzzle of inverse projection is especially salient when thinking about 

operational drawings, for illustrative drawings tend to be richer in pictorial cues 

to depth. Presumably, cue redundancy reduces the set of projectively equivalent 

three-dimensional arrangements, thereby helping the observer solve the inverse 

projection problem. Surprisingly, there is little evidence in the psychophysical 

literature on depth perception that this is really the case (32). 

What seems clear, on the other hand, is that in operational drawings, cues 

to depth tend to be avoided, except for interposition. As an expert of perspective 

and a skillful manipulator of depth cues, Monge was well aware that placing the 

viewpoint at infinity tends to flatten out the appearance of the projected object. 

For this reason, to correctly describe the three-dimensional form of an object in 

an operational drawing, one needs at least three orthographic projections, and 

often more. And yet, when looking even at a single orthographic projection, 

such as the one in Figure 4.16, observers do not usually experience uncertainty. 

They simply decide that the object is seen frontally and easily reach an 

interpretation of the distal state portrayed in the drawing. Why do observers 

make this assumption? 

To this date, there is no clear consensus on the answer to this question. 

Based on my personal, empirical observation, it seems that only sufficiently 

simple configurations are experienced as projectively ambiguous. This is the 

case of the trapezoid of Figure 5.30a, which is readily interpreted 

5.30.   A trapezoid (a) 
can be interpreted as a 
rectangle slanted in 
depth (b) or as frontal-
parallel trapezoid (c). 
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both as a frontal trapezoid and as a slanted rectangle. When the configuration 

becomes more complex, the degree of experienced uncertainty is reduced. If, 

for instance, the additional lines introduce more cues to depth, as in Figure 

5.30b, then the impression of a slanted rectangle becomes more compelling. If 

the additional lines do not introduce cues to depth, as in Figure 5.30c, then the 

frontal trapezoid is preferred. In terms of the problem of inverse projection, this 

seems to suggest that a frontal view is assumed when the frontal view is 

consistent with the simplest of all the projectively equivalent shapes, for 

instance, squares and rectangles among the set of quadrilaterals or the circle 

among conic sections. Thus, to show an object from a viewpoint that is frontal-

parallel to one of its surfaces, one should choose a view with the simplest 

surface in front. This rule of thumb is consistent with the notion that perceptual 

activity always proceeds from the complex to the simple, never from the simple 

to the complex. A trapezoid can be seen as a slanted rectangle, but a slanted 

rectangle will never be seen as a trapezoid (33). 

In conclusion, I think that there are two reasons why drawings do not 

appear ambiguous even if they are ambiguous in terms of the inverse projection 

problem. The first reason is that a drawing may contain redundant cues to 

depth. If these cues mutually constrain the interpretation of the drawing in a 

coherent fashion, then the set of potential interpretations is reduced and, in 

many cases, completely disambiguated. The second reason is that we have a 

bias toward simpler interpretations. If a surface is shown frontally and the 

projection shows a simple geometric figure, then the simple interpretation is 

preferred, and all the more complex alternatives are not considered. Figure 4.16 

shows two examples of operational drawings containing a large number of 

simple geometric figures (circles, rectangles, partly occluded squares). The 

impression that the view is frontal-parallel is very compelling, leaving no room 

for perceptual ambiguity. One readily interprets the view as faithfully depicting 

the distal arrangement of the mechanical components, which is the goal of an 

operational drawing. 

TAXONOMIC DRAWING 

Taxonomic drawings are drawn with the explicit aim of preserving and trans-

mitting visual information to be used for classification. They must render 

explicit features that support a systematic ordering of entities into distinct sets 

and on the basis of fixed criteria. If these criteria are morphological or inherent 

to directly observable features, then the graphic tool is not only apt, but also 

necessary to communicate criteria and methods for classification. The natural 

sciences in particular have used taxonomic drawings in a systematic fashion. In 

this usage, the scientists have created a vast investigation and description of the 

components of the natural world. 

As with illustrative drawings, taxonomic drawings are a consequence of the 

introduction and diffusion of perspective. In the taxonomic variety, however, 

one finds no rigid geometric formalization. Instead of a geometric framework, 

there are procedures that are functional to the aim of the drawing and are 

generally followed even if they are rarely spelled out. To understand the genesis 

of these procedures, it is useful to recall that perspective was the medium that 

enabled Renaissance artists to connect the forms of objects in a coherent and 

uninterrupted continuum. Before perspective, objects were 
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isolated, separate entities. After perspective, they become parts of a visual 

discourse, a fluent narrative without empty spaces. In this sense, rendering 

three-dimensionality was not only a new way of representing things on a two-

dimensional sheet, but also a new way of looking at things. During the Middle 

Ages, symbolic meanings had often emphasized deformation to the detriment of 

form (34). 

In the Renaissance, the symbolism gave way to rules for ordering forms in 

a well-defined spatial hierarchy. When symbols lost their importance, empirical 

observation could become more precise and more exploratory. The 

representation of observables, the object of perceptual experience, acquired 

greater reliability and a higher degree of reality relative to what was described 

or assumed in the classical texts. The new capacity to connect observables 

became ordered representation, with the connection between objects made 

apparent by the appropriate rendering of spatial depth. If artists were earlier 

attracted by vast compositions, now they directed their attention to each single 

object, realizing that each possessed an intrinsic form, independent of the 

descriptions, images, associations, and symbolism that were previously attached 

to them to the point of hiding their form. 

Thus, to understand and represent the space of landscape, to see and show 

light and color in their proper spatial relationships, were conceptual leaps 

similar in kind to those that pushed scientists to dissect human bodies and then 

to draw accurate representations of their constituent parts. Anatomy was rightly 

the first domain where observable variables demonstrated how a systematic and 

orderly representation of nature could be attained. The interest for natural 

systems developed, spreading from anatomy to botany and zoology (see Figures 

5.31 and 5.32). 

Foucault argued for the primary role of botany in the epistemology of the 

17th and 18th century: 

The fundamental arrangement of the visible and the expressible no longer passed 

through the thickness of the body. Hence the epistemological precedence enjoyed by 

botany: the area common to words and things constituted a much more 

accommodating, a much less "black" grid for plants than for animals; in so far as 

there are a great many constituent organs visible in a plant than are not so in 

animals, taxonomic knowledge based upon immediately perceptible variables was 

richer and more coherent in the botanical order than in the zoological. (35) 

Such a novel interest required a new tool that would fit its communicative 

goals. Given that botany relies on visual analysis, the graphic tool was a natural 

candidate. The method for representing objects in nature was shaped by a tacit 

but widespread consensus along paths that were stable and largely shared by 

intellectuals (see Figure 5.31) and that are still used for similar goals with little 

variation (see Figure 5.33). 

In the second half of the 16th century, the Italian naturalist Ulisse Al-

dovrandi (1522-1605) wrote convincingly about the new attitude: 

If it occurs to the painter to depict a plant according to different stages of growth, 

such as when it sprouts and emerges the soil, or when it bears flowers and fruit, being 

at the perfect age ready to reproduce itself by means of its own seed, he must see it 

in a similar state and imitate it, so as not to make a mistake. And what I say about 

the whole plant, one must also consider for all its parts, considered together, 

which make the plant complete, such 
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5,31.   Sweerts, Narcissus 

and Other Plants, in 

Florilegium, 1612. Note, 

from E. F. Bleiler (Ed.), 

Early Floral Engravings, 

1976, New York: Dover. 

(Reprinted with 

permission) 

as the root, the leaves, the stem and flowers and seeds, fruits, and other similar 

proportional parts, even occasionally considering their excrements, such as 

gums and resins. (36) 

Foucault recognized the impact of Aldrovandi's contribution and described 

it as a turning point in the history of knowledge: 

Until the time of Aldrovandi, history was the inextricable and completely 

unitary fabric of all that was visible of things and of the signs that had been 

discovered or lodged in them: to write the history of a plant or an animal was 

as much a matter of describing its elements or organs as of describing the 

resemblances that could be found in it, the virtues that it was thought to 

possess, the legends and stories with which it had been involved, its place in 

heraldry, the medicaments that were concocted from its substance, the foods it 

provided, what the ancients recorded of it, and what travelers might have said 

of it. The history of a living being was that being itself, within the whole 

semantic network that connected it to the world. The division, so evident 
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5.32.   Gesner, Bat and 
common guinea-fowl, 
1560. Note. From 
Curious Woodcuts of 
Fanciful and Real 
Beasts, Dover 1971. 
(Reprinted with 
permission) 

to us, between what we see, what others have observed and handed down, and what 

others imagine or naively believe, the great tripartite division, apparently so simple 

and so immediate, into Observation, Document, and Fable, did not exist. (37) 

Taxonomic images use the components of drawings in their own special 

way. All four varieties of graphic lines can appear: line objects, edge lines, 

crack lines, and texture lines. Lines tend to be drawn freehand. The use of 

freehand drawing and the frequent appearance of textures give a similar effect 

to that of illustrative images. On further consideration, however, one realizes 

that taxonomic drawings are fundamentally different from illustrative ones. The 

difference depends on the simultaneous use of many different viewpoints, all 

placed at finite distances. The choice of viewpoints aims at clarifying the salient 

aspects of the different parts of the represented object. If the object is a plant, 

for instance, the stalk, leaf, flower, and root will each be presented in such a 

way as to illustrate their most salient characteristics. Another defining feature of 

taxonomic drawings is the abolition of backgrounds. Objects are drawn against 

the white of the paper to make sure that no other visual structure disturbs the 

understanding of their forms and to make them look as if they were laid out on a 

surface with their relief directed toward the observer. As we have seen before, 

perspective representations of layout tend instead to recede in depth relative to 

the drawing plane. In this sense, taxonomic images can be conceived as going 

beyond the methods of perspective drawing. 

Presumably, to give up the powerful tools of perspective must have been a 

difficult direction to take, even if taxonomic drawings lend themselves naturally 

to such choices. In Figure 5.34, an anatomic drawing of the human brain, the 

larger portion of the image is wasted to show a room and a 
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5.33.   Permanence of the 

criteria for executing a 

taxonomic drawing. From 

The ancestry of corn, by J. 

W. Beadle, in Scientific 

American, January 1980. 

(Reprinted with 

permission) 
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5.34.   The larger part 
of the image is occupied 
by the surrounding 
scene, but the center of 
interest is limited to the 
human brain. Note. 
From De Dissetione 
Partium corporis 
humani, 1545 by C. 
Etienne, Paris. (In Brion 
ed. Quattro Secoli di 
Surrealismo, Milano 
Libri, 1973). 

 

dissected cadaver on a chair. Even in the famous drawings of Vesalio (see 

Figure 4.6), which are entirely devoted to anatomic detail, one finds some hint 

of the supporting terrain and background of the figures. 

In the botanical images of the following century, however, artists had 

completely given up representing backgrounds and started taking liberties 
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with projections relative to the chosen viewpoint for the sake of illustrating 

plant structure in detail. The images in Figure 5.31 indeed look as if they had 

been copied from a live specimen. After careful observation, however, one 

realizes that the images portray prototypical specimens, not actual specimens. 

The visual attributes that are critical for morphological ordering and 

classification have been emphasized and sharpened, to the detriment of 

individual variation. Again, Foucault made this point most forcefully: 

To observe, then, is to be content with seeing—a few things systematically. With 

seeing what, in the rather confused wealth of representation, can be analyzed, 

recognized, and thus given a name that everyone will be able to understand: "All 

obscure similitudes," said Linnaeus, "are introduced only to the shame of art." 

Displayed in themselves, emptied of all the resemblances, cleansed even of their 

colours, visual representations will now at last be able to provide natural history 

with what constitutes its proper object, with precisely what it will convey in the 

well-made language it intends to construct. This object is the extension of which all 

natural beings are constituted—an extension that may be affected by four variables. 

And by four variables only: the form of the elements, the quantity of those elements, 

the manner in which they are distributed in space in relation to those elements, and 

the relative magnitude of each element. (38) 

In botanical representations, minor, unavoidable, individual deviations from 

the norm found in single specimens are excluded from the picture. Here, the 

depicted specimen stands for the whole species; it is used to highlight the 

species' characteristics. It is not a coincidence that even today, in most cases, 

drawings and not photographs are still used for taxonomic purposes. A pho-

tographer necessarily reproduces the appearance of an existing individual, with 

it is potentially misleading specific characteristics. A drawing does have this 

limitation, and so the species can be described in an elegant and convincing 

fashion. In the domain of taxonomic drawing, one notes different adaptations in 

modality, forced on the technique by the different contents of the representation. 

Consider, for instance, zoology drawings, such as those used in entomology. In 

drawings aimed at illustrating zoological classifications, a global representation 

of the animal is usually accompanied by a series of sequential, supplementary 

views. In the global representation, the animal is presented in its most typical 

appearance, using the viewpoint that makes the drawing maximally expressive. 

Note that this viewpoint is not necessarily the one we take when seeing the 

animal. The additional sequence serves the purpose of illustrating different 

features, or different ways the animal can appear. This technique is especially 

useful in the case of insects, which undergo a number of metamorphoses during 

their lifetimes, with corresponding visual features presented for different stages 

of life (see Figure 5.35). Even when presenting the same stage of the life of an 

individual, a series of sequential presentations still affords the display of 

different appearances of the species, usually according to axes of symmetry or 

to notable features present on some parts of the animal. Incidentally, one may 

note that the technique exploiting different viewpoint for presenting the same 

object is closely related to a certain kind of Baroque experimentalism. Natural 

history textbooks contain a plethora of drawings and graphic materials. This 

immense graphic production rarely has any aesthetic pretension, but it is 

nonetheless created with careful, systematic attention to detail, patience, and 

skill in the use of visual means. One can appreciate the uniformity of the 

technique, which 
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5.35.   Vico,The 
Development Cycle of 
Cantarella degli 
Asparagi. In Penso, G. 
(1973), La Conquista 
del Mondo Invisibile, 
Milano: Feltrinelli. 

is based on unwritten but seldom-violated rules. Foucault defined drawing as 

the medium that allows nature to be conveyed by language. The effects of the 

enormous work of illustrators in the natural sciences goes beyond Foucault's 

suggestion, however, generating a corpus of visual materials that constitutes an 

integrated system of signs. Verbal or written discourse often would be 

incomprehensible if it were not accompanied by an orderly and functional set of 

drawings. The images in the drawings provide evidence for the discourse. Some 

content is conveyed well through language, but some is conveyed well only 

through vision. Messaris suggested the following line of division between these 

two kinds of content: 

What distinguishes images ... from language and from other modes of communication 

is the fact that images reproduce many of the informational cues that people make 

use of in their perception of physical and social reality. Our ability to infer what is 

represented in an image is based largely on this property, rather than on familiarity 

with arbitrary conventions. (39) 

However, in my view, a more balanced summary of the study's findings would 

yield the conclusion that, although the particular physical environment of one's 

culture may make one more or less sensitive to certain visual cues, a base-level set of 

common perceptual processes is the shared property of all people. (40) 

Taxonomic images can function as substitutes for objects of discourse 

because the visual features that define objects and differentiate between them 

can be presented simultaneously from different viewpoints. In this way, the 

drawings become prototypical examples that can define a class. To this end, the 

representation must be planned explicitly. A plant, at a first impression, can 

appear to be simply a copy of a real plant. But then one notices that flowers are 

drawn both in bloom and before blooming, both from the side and frontally; 

leaves, stems, and roots are all presented from different viewpoints. The 

representation is not just of an individual from a species; it is a representation of 

the defining characteristics of the species. 
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GRAPHS, DIAGRAMS, NETS, AND MAPS 

Node 11 of Figure 1.1 made reference to diagrams. Diagrams may be broadly 

defined as the set of images that are concerned with the visual display of 

quantitative information (41), an issue that Bertin called semiologie grapbique 

(42), and that Wilkinson (43) termed the grammar of graphics. The definition I 

like best, however, can be found in an entry by Maxwell in the Encyclopedia 

Britannica, written around the second half of the 19th century. Maxwell's work 

is worth remembering for its intelligent and clear organization, its conceptual 

propriety, and its philosophical precision. His definition reads: 

A diagram is a figure drawn in such a manner that the geometrical relations between 

the parts of the figure help us to understand relations between other objects. A few 

have been selected for description in this article on account of their greater geometrical 

significance. Diagrams may be classed according to the manner in which they are 

intended to be used, and also according to the kind of analogy which we recognize 

between the diagram and the thing represented. The diagrams in mathematical 

treatises are intended to help the reader to follow the mathematical reasoning. The 

construction of the figure is defined in words so that even if no figure were drawn 

the reader could draw one for himself. The diagram is a good one if those features 

which form the subject of the proposition are clearly represented. The accuracy of 

the drawing is therefore of smaller importance than its distinctness. (44) 

On the basis of the above criteria, Maxwell constructed an ample taxonomy 

of diagrams: on the base of their application: diagrams of illustration, metrical 

diagrams, diagrams purely graphic and mixted symbolic graphic, diagrams in 

pairs. Moreover he considers a set of diagrams concerning with kinematics, 

such as diagrams of configuration, diagrams of displacement and acceleration. 

The history of this application of drawing is recent because diagrams 

exploit two facts about graphics and perception that are a relatively novel 

achievement: the discovery of the possibility of mapping quantitative data to 

features of two-dimensional space and the awareness that automatic perceptual 

processes guarantee a correct interpretation of the graph, almost without any 

training, provided that some constraints are met. Recent research on the use of 

diagrams has yielded important contributions, testifying how the interest in 

images and how they work has spread widely in domain field as well. Tufte has 

written two important books on the use of graphics and diagrams (45). 

Scientifically rigorous and yet as engaging as a novel, Tufte's books describe 

the discoveries, potentialities, problems, errors, and falacies found in the 

common use of diagrams. Before Tufte, Jacques Bertin (46) has analyzed the 

structural properties of diagrams, graphs, nets, and maps. Inspired by true esprit 

de geometrie, Bertin's work discusses the constituent components and the rules 

of usage for graphics. 

More recently, Wilkinson (47) defined "grammar" rules that should be 

followed to create diagrams that best communicate the data under discussion. 

The rules are both mathematic and aesthetic because the functionality of a 

diagram depends both on the precise mathematical treatment of the data and on 

the careful choice of the visual attributes with which those data are displayed. I 

do not summarize this work here. Instead, I focus on the connections between 

diagrams and the structural components of drawings: 
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the plane of representation and the various kinds of graphic lines. Additionally, 

I deal with the problem of translating temporal sequences into spatial properties 

of the two-dimensional plane. 

Diagrams have been used in many places in reaction to a question that was 

not always explicitly asked. Although their first appearance dates back to the 

beginning of the 12th century, the first precise description of diagrams as we 

know them is usually dated to the year 1361. In that year, French mathematician 

Nicola Oresme (1323-1382), Bishop of Lisieux, published a Tractatus de 

latitudinis formarum, in which he argued that any phenomenon contingent on 

an independent variable could be conceived as a form, which in turn could be 

decomposed into two orthogonal dimensions, longitude and latitude. Thus, the 

idea of representing functions by means of coordinates was formalized. 

According to some researchers (48), however, the idea of relating increases and 

decreases of quantities such as temperature, light intensity, and motion to a 

fixed scale was advanced in Paris and Oxford even before Oresme. In fact, 

graphic representations establishing a relationship between intensities (intensio, 

for instance, speed) and extensions (extensio, such as distance or time) were 

already relatively commonplace both in Oxford and in Paris at the beginning of 

the 14th century, and the method of positioning bodies by means of orthogonal 

coordinates was already familiar to much earlier geographers and astronomers. 

For instance, Apollonius of Perga used orthogonal coordinates during the 3rd 

century BCE. Moreover, the graph reproduced in Figure 5.36, establishing a 

relationship between changes in latitude (vertical axis) and longitude 

(horizontal axis) of planets, dates back to the 11th century. For several centuries 

there was scarcely any innovation relative to these early graphing techniques. 

At the end of the 18th century, however, two notable events occurred. Scotch 

economist William Playfair (1759-1823) and Swiss mathematician J. H. 

Lambert (1728-1777) published the first systematic tables representing the 

distribution of populations and the temporal variations of economic parameters; 

C. de Fourcroy 

5.36.   Munchen 
manuscript N. 1436, 
11th century. Variations 
in the Position of 
Planets as a Function of 
Latitude (Vertical 
Divisions) and 
Longitude (Horizontal 
Divisions). In A. C. 
Crombie, (1952). 
Augustine to Galileo. 
Oxford:W. Heinemann 
Ltd 1957. (Reprinted 
with permission) 
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5.37.   C. de Fourcroy, 
1782, Tableau 
poleometrique. The 
diagram depicts the 
number of inhabitants 
in several European 
cities by the area of 
different squares. In ]. 
Bertin, Semiolgie 
graphique, Mouthon 
Gauthier-Villars, 1967. 
(Reprinted with 
permission) 

(1782) published the Tableau poleometrique, reproduced in Figure 5.37, which 

described the number of inhabitants per city in a list by the areas of a set of 

squares. 

In the second half of the 18th century. Western culture developed an 

interest in the scientific study of the social world. Before then, society and 

social phenomena were not deemed worthy of official philosophy. The initial 

interest in sociological issues blossomed, forming the initial cores of those 

fields of study such as demography, sociology, psychology, anthropology, and 

economics, which are called the human sciences in our century. Scientists 

interested in these scientific endeavors needed conceptual tools that would 

allow them to understand and communicate large bodies of data and variables 

that were often fuzzily defined. Not surprisingly, boring and unreadable tables 

containing scores of detailed measurements did not work well for these 

purposes. What was needed were techniques for data summary and data 

presentation. Statistical diagrams played a fundamental role in serving this 

purpose. 

One of the defining characteristics of graphic displays of quantitative in-

formation is the use of exclusively frontal picture planes. Frontal picture planes, 

avoiding foreshortening of the axes of a diagram, allow for precise appreciation 

of dimensions relative to these axes. Thus, any point in the plane can be 

associated with two values on the two axes, thereby establishing a relationship 

between the two variables represented by the two oriented quantifiers. Again, a 

number of choices in the definition of the rules for representing information in 

diagrams were based, unconsciously, on properties of perceptual process. For 

instance, among infinite possibilities, the axes were made to coincide with the 

phenomenal vertical and horizontal, the main 
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directions of our perceptual world. The direction of increase was defined as left 

to right horizontally and from the bottom to the top vertically. An additional 

achievement was the spatial representation of the time dimension. In our 

perceptual experience, correspondences between space and time are 

commonplace. In most cases, it is natural to represent time on the x-axis 

(horizontal) because time is a one-dimensional variable that we experience to 

unfold from "behind us" (the past) to "in front of us" (the future), not from the 

bottom to the top. In all diagrams published by Playfair, and in most of those 

published by Lambert, time occupies the x-axis (49). 

In broadest terms, one could say that any diagram has to do with time, 

either directly or indirectly. Some diagrams are explicit visualizations of one or 

more variables as a function of time; they are diachronic representations of 

those variables. Others represent nontemporal quantities, but they require time 

in that their structure implies that one understands these quantities are taken at 

one and the same point in time. These are synchronic representations. Among 

the kinds of diagrams most used for diachronic representations are Cartesian 

line graphs and polar graphs. In Cartesian graphs, a line or a curve is used to 

display the variation of a variable as a function of time. By adding more curves, 

one can compare the simultaneous variations of different variables within a 

given temporal window, as in Figure 5.10. Time, as well as the variables of 

interest are represented as lengths on a system of orthogonal axes, which define 

the coordinates of each point. In polar graphs, instead, the coordinates are not 

defined by orthogonal segments, but by an origin and an angle. For any other 

point on the graph, the distance of the point from the origin represents the value 

of one variable. This also defines a segment, and the angle formed by this 

segment with a reference segment having the same origin represents the value 

of the other variable. Time is usually represented by this angle (see Figure 

5.38). Polar graphs are used less often than Cartesian graphs, and often the latter 

can substitute the former with no loss of clarity, but not in one case. When one 

wants to represent cyclical changes within a temporal window, polar graphs are 

expecially useful. The length of the temporal window is then represented by the 

circumference of the polar graph, and the cyclical repetition can be directly 

comprehended by going around that circumference. 

Graphs using synchronic representations are usually of three kinds. The 

first is the pie chart, used to display relationships between parts that make up a 

whole. Figure 5.39, for instance, displays the contribution of each continent to 

world production of steel in a given point in time. The area of each slice of the 

pie, relative to the overall circle, directly represents the proportion of steel 

produced by the corresponding continent. 

The second type is the histogram, which is usually employed to represent 

the distribution of a numeric variable divided into bins or "classes." For each 

class of the variable, a rectangle is drawn, the area of which directly represents 

the proportion of cases within that class. The whole area of the histogram 

corresponds to all the cases, so that one can directly read the proportion for each 

class by comparing visually its area with the overall area. A special form of 

histogram is the bar chart, which represents proportions associated with 

categories. For instance, the graph of Figure 5.39 could be redrawn as a bar 

chart by associating a rectangle to each continent and then drawing these 

rectangles so that their length represents the proportion of steel. Note that in this 

case, it would make no sense to speak about the meaning of the area, given that 

one variable is just a sequence of categories. 

5.38.    An example of 
a polar diagram. 
(mine) 
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5.39.   Pie chart: the 
world production of 
steel. 

The third kind of graph is the scatter plot. A scatter plot represents the joint 

distribution of two variables, one represented by lengths on the x-axis and the 

other by lengths on the y-axis. Thus, each point on the scatter plot is a joint 

measurement on both variables, and the "cloud" of all points represents the type 

and the strength of the covariation. For instance, one could imagine that the x-

axis is used to represent the age of children, and the y-axis is used to represent 

their performance on some task. If performance tends to improve as a function 

of age, then higher values on the x-axis will tend to be associated with higher 

values on the y-axis, and the cloud will be stretched diagonally to the right. If 

the association is strong, most points will be close together; if it is weak, they 

will be more scattered on the plane. Each name has its own referent by way of a 

stable connection that arises from a widely accepted convention. In the same 

way, each number is strongly associated with its own value. A line, an area, and 

a texture have no stable semantic relation with anything except themselves, 

however. To use these components of graphics as tools for visual 

communication, it is necessary to establish a connection with the reality one is 

trying to represent. To achieve this goal, one needs to exploit the existing 

association between names and things on one hand, and numbers and quantities 

on the other. Verbal segments and numeric indicators assigned to graphic lines 

form the bridge that connects graphic lines to things (50). 

Definitions of the components and structure of graphics have varied de-

pending on the stance of the theoretician. Bertin, for instance, distinguished 

between diagrams and networks, the latter including flow charts, tree charts, 

and oriented graphs. He explained the distinction in the following way: "A 

graph is a diagram in which it is possible to establish correspondences between 

each division of one component and each division of the other component on 

the plane" (51) and "A graph is a network (Figure 5.40) in which it is possible 

to establish correspondences between all the elements of the same component 

on the plane" (52). 

In practice, the difference is that in a diagram, one first attributes meaning 

to the two dimensions of the plane and then establishes correspondences. In a 

network, one can take a set of meaningless figures to be placed on the 
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J, Berlin, Semiolgie 
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(Reprinted with 
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plane and then seek the most efficient way of distributing them in the picture, 

for instance, looking for the distribution that minimizes crossovers or the one 

that yields the simplest configuration. According to Bertin, the primary 

components of a graph are (a) the plane with its dimensions and (b) a 

perceivable form, which he dubbed a "spot" (tache), capable of varying in size, 

position, intensity, texture, color, form, and orientation. 

Kosslyn, who was preoccupied with the proper use of graphs rather than 

with their structure, limited his discussion to three primary elements: 

framework, contents, and labels (53). Tufte, who is rightly considered the major 

influence on theorizers of graphic communication, warned that a good drawing 

"has two keys, simplicity of design and complexity of data" and added that 
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data to graphic. p. 22 
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what is to be sought in designs for the display of information is the clear 

portrayal of complexity. Not the complication of the simple; rather the task 

of the designer is to give visual access to the subtle and the difficult—that 

is, the revelation of the complex (54), 

In his terms, derived from the definitions of "data," "variable," and other 

entities that are at the basis of all statistical tables, Wilkinson established how 

algebra, geometry, aesthetics, and scale variations interact with each other. In 

the diagram reported in Figure 5.41, he summarizes the passages that, starting 

from the data, lead to a graphic. From bottom to top, the main points are: 

data: recorded observations concerning quantities, qualities, 

relationships 

dataset: a set of indexed data, not always localized in a single 

space-time frame 

varset: a compound of the words "variable" and "set" that refers to a set of 

variables, such as those that allow the creation of a pie chart; 

graph: "the graph object is a collection comprising a graph and 

methods needed for representing it as a geometric object" (55); 

graphic: the image created by a graph on the basis of one or more aesthetic 

functions. 

Tufte and Kosslyn each devoted a chapter of their books to the issue of 

graphic lies. One of the examples proposed by Kosslyn is reproduced in the two 

versions of Figure 5.42. Although the two versions actually depict the same 

data, in one case the y-axis was modified to suggest that the difference between 

two quantities is negligible (Figure 5.42a), in the other case, it was modified to 

suggest that the difference is large (Figure 5.42b). Before I can express my 

opinion on the issue, we must agree on a definition of what constitutes a lie. If 

lying in this case amounts to falsifying data, then none of 
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representing the same 
data. By changing the 
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the graphs is lying because the data have not been falsified. If lying amounts to 

emphasizing some feature of the data at the expense of others, then the graphs 

are lying, but so is every image. And if every image lies, then none lies. In 

general, an image cannot be subjected to a truth test. One can present figures 

that are incongruous, ambiguous, even uninterpretable. But in the very moment 

that these figures are shown to an observer, they by definition show incongruity, 

ambiguity, or cannot be interpreted. The opposition between true and false does 

not pertain to the image, for falsehood cannot be represented. A lie is a 

statement about a state of affairs that does not correspond to the referent state. 

An image is never a statement, however. Falsehood can only reside in an 

external connection between the image and a verbal statement about the image. 

For instance, "this painting is not by Titian," "the portrait does not resemble 

John," "the dragon represented by A. Pare in 1575 is an invention." Or: "this 

diagram is not consistent with the data that are supposedly represented by it." In 

the latter case, it seems appropriate to say that the diagram is wrong, not that it 

lies. An image per se is always assumed to be true because in many ways, it is 

always false. This discussion on truth and falsehood in imagery may appear as a 

piece of sterile philosophizing, but it is important because it provides another 

entry into the difficult problem of the relationship between the physical and the 

perceptual world. Sensory data provide the means for mapping the external 

world into a conscious representation. Each stimulus, therefore, independent of 

its nature, automatically starts a disposition to take the sensory datum as real. 

Thus, an image, which is always only a presentation and never a 
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judgment, can enter the set of things judgeable only through its caption Only 

the relationship between an image and its external definition can be false, not 

the image itself. If I am right, then the two graphs of Figure 5.42 are not lying. 

What is lying is the intention that guided the choice of a range for the y-axes. 

The two graphs are simply subjected to the tradeoff of emphasis and exclusion 

that is the main property of any graphic entity. In each graph, a different visual 

aspect has been emphasized, yielding two different ways of looking at the same 

set of data. 

A map is a graph that groups together a series of spatial features into a 

unitary and continuous structure. As such, a map can be thought of as the 

reconstruction of a chain of fragmentary visual, motor, and cognitive 

experiences, aimed at preserving their spatial properties with the best possible 

accuracy. The transcription and the organization of these experiences is both 

conventional and realistic. It is conventional in that most of the lines and 

graphic marks employed bear little resemblance to the represented objects. It is 

realistic because the spatial relations that connect the various elements in the 

map are largely preserved and faithful (56). 

A neglected, but in my opinion important, feature of maps is that geo-

graphic representations are a kind of drawing that has to do with movement. 

One could say that the true function of maps is to establish a relationship be-

tween the stable objects of geographic space (lakes, mountains, routes, cities) 

with the planning and execution of actions and trips. It is certainly not a co-

incidence that mapmaking provides a critical source of information for military 

actions. Warfare, be it offensive or defensive, is a continuous planning of 

actions that strive to reach objectives laid out in space and to reach them at 

specific times. A map is not a picture that shows places as they can be ob-

served, but a codification of information about stable features of geographic 

space, useful to envision scenarios for our actions or the actions of others. 

The most impressive statistical graph ever produced is a graphic account of 

the losses suffered by the French army during the Russian campaign of 1812 

(57). The graph, a masterpiece executed by Charles Joseph Minard in 1869, 

manages to condense an exceptional quantity of information in a single view 

(Figure 5.43). Part bar graph, part time series, and part geographic map, it 

represents the number of men under the orders of Napoleon by the width of a 

filled surface that moves over the Russian territory toward Moscow and back. 

Small digits written next to the surface give the exact number. With the cold 

precision of a surgeon, Minard reduced the surface by 1 millimeter for every 

loss of 10,000 men. The name of the places distributed over the immense region 

traveled by the army during its progressive annihilation contribute to place the 

events in the territory where they happened. In addition, the timing of the retreat 

is defined by a graph of temperature as a function of time, with time running 

from right to left in the direction of the retreating army. We cannot refrain from 

a reaction of sympathy when we read that on October 24, the day when the 

army began its retreat, the temperature in Moscow was 0° Reaumur (32° 

Farenheit), and it was raining. The downward slope of the temperature, always 

below freezing, integrates with the path of the narrowing army in a dramatic 

way. The result is an impressive narrative condensed in a single view and 

readable with only a few glances. It is a drama produced by a small amount of 

abstract graphic marks. And, perhaps most surprising of all, the "cold"' and 

"rigid" statistics portrayed in the graph manage to cause a remarkable emotional 

involvement in the viewer (58). 
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A SUMMARY TABLE 

My decomposition of drawings info their elementary constituents is now 

complete. Based on these components, we can sketch how one could construct a 

table in the form of a checklist aimed at classifying instances of graphic 

productions. Starting from the classes described in Figure 1.1, in the first two 

columns of Table 5.1, I have provided names and node numbers for a number 

of different drawings. The following columns are divided into four blocks, 

corresponding to the following components: type of line, viewpoint, 

alphanumeric components, and "specific" properties. Each group of columns is 

divided according to subdivisions. Thus, the types of line are divided based on 

the modality of drawing the line (by hand or with the aid of instrument) and on 

the characteristics of the line (object, crack, edge, and texture). The possible 

viewpoint features are divided based on position (random or specific) and 

distance (finite and infinite). I will devote a few more words to the last 

columns, those that are concerned with the alphanumeric component and with 

specific properties, because these two aspects have not been discussed yet. 

Three columns are devoted to alphanumeric components. We have seen, 

especially as far as diagrams are concerned, that verbal and numeric textual 

components are essential in some graphics. Some graphics need a caption, 

whereas others, such as comic strips, are fundamentally a medium of parallel 

development of words and images. We will distinguish between three 

possibilities: the case of alphanumeric components serving a function of 

internal identification (in the table), of external identification (ex), and of total 

identification (Sigma). 

The last column in Table 5.1 (√) serves as reminder for other properties 

that are essential for certain drawings. For instance, comic strips require that the 

narration does not end with a single frame, but unfolds through 

5.43.   C.J.Minard, 
1869, graphic 
representation of 
casualties in the French 
army during Napoleon's 
invasion of Russia of 
1812. From The visual 
display of quantitative 
information, 1983, by 
E. R.Tufte, Cheshire, 
CT: Graphics Press. 
(Reprinted with 
permission) 
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Table 5.1   SUMMARY TABLE 

TABLE IN THE FORM OF A CHECK LIST IN WHICH ARE CLASSIFIED 

INSTANCES OF GRAPHIC PRODUCTION 

 

a sequence of frames. Caricature requires an external referent for the drawing. 

Calligraphy requires that signs be placed in an orderly and sequential fashion on the 

page. Technical drawings presuppose a notion of scale as dimensional relationship 

between the size of the drawing and that of its subject. These properties are specific 

in that they are idiosyncratic to a specific type of drawing but are not always 

immediately apparent when considering examples. 

Given that the degree to which each feature is present in each class cannot be 

determined with precision, I will not try to enter numbers in each cell of the table 

thus constructed. Instead, I will use three conventional marks to signal a high, 

medium, and low frequency: (.), (°), (O). After considering Table 5.1, we see once 

again that communication through graphics is a parsimonious tool. The number of 

structural components that has emerged from my analysis is relatively limited, and 

the subsets that define each class is even smaller. Each line in the table represents 

what could be considered chromosome map for each type of drawing, although this 

simile may be a little too bold, just as a chromosome map allows us to make 

predictions about the visible features of an individual, so does my table form the 

basis for establishing expectations about the visual features of a drawing by knowing 

its class. Table 5.1 analyzed 10 of the most often-used classes of drawings presented 

in Figure 1.1. The reader is now invited to add more lines to the table and enter other 

classes of drawings to be analyzed based on his or her own experience and memory. 

To the extent that my classification effort is successful, I would expect an excellent 

degree of consistency in the way other observers perform this task. 
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CHAPTER 6 
VISUALIZING THE INVISIBLE 

n chapter 5, I discussed objects of perceptual experience as inexhaustible 

sources of information. I argued that any creator of graphic work must look 

at the world of perceivable objects and make choices to establish what 

should be shown and what should be excluded. In this chapter, I will address 

those graphic images that do not represent objects of perceptual experience, but 

entities that must be imaged by intuition or conceptualization. These entities 

actually do exist in some form, but nobody will ever see them. They therefore 

are different from the images of myths or fables, such as monsters, superheroes, 

genies, and gingerbread houses. Those fruits of our fantasy are rather simple to 

represent because they are nothing more than variations of entities that we all 

encounter in our daily experience. On the other hand, any artist knows well that 

to illustrate Kant's books would be impossible, senseless, and even ridiculous. It 

is difficult to imagine how a drawing could clarify a difficult passage of the 

Prolegomena to Any Future Metaphysics. Nonetheless, even philosophers, who 

when manipulating concepts prefer to use words, have used images when 

discussing objects and their spatial relations or specific aspects of the natural 

world. Excellent examples of this practice are found in Descartes and Newton, 

which I discuss later. 

TO SHOW WHAT CANNOT BE SEEN 

Everybody knows that philosophical works tend to contain mostly abstract 

concepts and deal with their objects only in an abstract fashion. Concepts can be 

made explicit and communicated only through words. When concepts are not 

completely clear, explanations can be given only through additional words. 

Illustrations, drawings, and pictures are useful to explain objects or events that 

can be perceived. In some cases, these objects can themselves be abstract 

concepts (e.g., the concept of force), but these always make reference to visible 

effects (e.g., the application of force). In other cases, images have been used to 

illustrate abstract concepts in allegories. In the case of allegories, however, the 

connection between the referent and the image is arbitrary 
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and heavily dependent on convention. From a communicative standpoint 

allegories do not lend themselves readily to modulation and manipulation. The 

kind of drawings discussed in this chapter pertain to abstract concepts, but 

these are related neither to visible effects nor to allegories. Rather I am 

concerned here with aspects of reality that can be inferred only from indirect 

and fragmentary cues, usually collected with complex and sophisticated 

machinery and through the use of mathematics. First and foremost in this class 

of images are the figures used to construct models and illustrate hypotheses in 

scientific practice. For example, images of this kind are used to produce 

explanations on topics that have to do with infinitely small or large matter in 

the universe. Thus, the graphic models that are the topic of this chapter are not 

isomorphic to some segment of reality, and I do not see how one could 

compare them with other forms of rhetorical artifice. These are images that 

have their own autonomous structure, specific content, and communicative 

goal. To highlight the specificity of this type of graphic production and its 

independence from other forms of drawing, I will call these graphics 

hypotbetigraphs, products of hypothetigraphy, a neologism that synthetizes the 

connection between graphic production and scientific hypotheses. 

GRAPHIC MARKS AND THINGS: MODES 

OF CORRESPONDENCE 

The iconic material that belongs to the class of hypothetigraphic images is 

superficially diverse but structurally homogeneous. In this class of images, one 

finds a variety of different graphic solutions, but all can be shown to obey the 

same functioning structure. The specifics of hypothetigraphy and the limits of 

its territory can be defined, to a first approximation, by considering the path 

traveled by scientists as they started to probe into the remotest strata of the 

natural world. This journey began with the analysis of objects that could be 

seen with naked eye, such as body parts or the features of plants. Subsequently, 

scientists began to consider objects that could not be seen because it was below 

the threshold of visibility. They did so by building sensory amplifiers, such as 

the microscope, to make visible the invisible. Later still, they realized that there 

are certain entities, such as magnetism and electricity, that cannot be seen but 

that can be detected and studied with appropriate artifices and a lot of intuition. 

Finally, scientists reached a point where they could make visible entities that 

not only could not be seen at all, but could only be conceived of and described 

through abstract mathematics. 

How can hypothetigraphy perform this seemingly impossible task? An 

answer to this question requires that I consider the ways in which a graphic 

mark can be used to show some aspect of reality. I divide them in three 

categories: correspondence of edges, geometric correspondence, and visual 

organization. 

By correspondence of edges, I mean similarity in the form of the graphic 

mark and the form of the edges of the object that one wants to depict. This 

similarity guarantees that the retinal excitation provoked by the drawing is 

similar, at least in terms of form, with that provoked by looking directly at the 

actual object. Correspondence of edges applies when the drawing is what 

Gibson called a "frozen optic array." Much of representational visual art has 

tried to achieve correspondence of edges, from early cave etchings to modern 

realistic painting. You can think of this mode of representation as founded 
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on the Aristotelian assumption that perception provides truthful knowledge 

about reality. To represent what one sees means to represent truth. Thus, a 

representation will be as useful as it is realistic. 

Geometric correspondence applies to graphic marks that are used to 

construct figures, lines, and spaces according to logical-visual procedures 

derived from a small set of visually self-evident postulates. Obviously, an im-

portant domain of application for this mode of using graphics is Euclidean 

geometry, where the visual component plays a critical role. In Western culture 

(1), Euclidean geometry was taken as the truthful way of representing real 

space. Nonetheless, it is actually just a mathematical model that defines the 

range of demonstrations that can be performed using three simple instruments: 

the ruler and a pair of compasses. The question, then, is why did Euclidean 

geometry become the only true geometry. I think the answer lies in the obvious 

correspondences between abstract geometric figures and the complex variability 

of visible objects. These correspondences, which are easily detected through 

perceptual inspection, suggest that objects obey the same fundamental 

geometric relationships that are valid for geometric figures. In this way, 

Euclidean geometry could become the workshop where thought, assisted by 

perception, could work out the laws that govern spatial and dimentional 

relationships. The most important and basic of these relations are equality and 

similitude. Equality concerns size, whereas similitude concerns form. The ruler 

and pair of compasses can be used to explore them either concretely, through 

the systematic application of perception and action, or mentally, without any 

concrete manipulation. In fact, all theorems of Euclidean geometry can be 

demonstrated in both ways. One of the great conceptual difficulties for young 

students is to understand how these demonstrations can be performed by means 

of observation and systematic application of logic. Thus, in Euclidean 

geometry, the ruler and compasses play the role of conceptual tools even before 

they are used as aids for the drawing. The systematic search for correspondence 

between geometric figures and concrete objects will generate a sort of 

"Euclidean mode" of drawing, which will be especially useful to describe states 

of the world according to classical mechanics (2). 

Drawings based on visual organization, finally, use graphic elements as a 

means of triggering specific processes of visual cognition. As with any kind of 

visual stimulation, information contained in a drawing triggers early processes 

of grouping and segregation according to laws that are known and that can be 

empirically demonstrated. These laws form the basis for the potential 

representation of abstract concepts in hypothesigraphy. When one is trying to 

represent entities that do not belong to the visible world and have little in 

common with geometric concepts, one must work with the only framework 

available—that of the constraints and rules of perceptual activity itself. 

The third mode of representation does not exclude the other two. In fact, it 

can function as a constraint on the other two. To achieve the correspondence of 

margins, for instance, one will have to apply rules of projective geometry. Once 

the correct projections are derived, however, it will still be necessary to evaluate 

the perceptual effect of the resulting graph (3). The operations performed using 

tools such as a ruler or a protractor are understood and performed correctly 

because perceptual visualization allows us to first perform them conceptually, 

without any concrete manipulation of tools, to check the spatial relationships 

between figures. In the visual organization 

 

Chapter 6: Visualizing the Invisible    143 



mode, however, perception functions independently. Perception has no geo-

metric rules or tools to validate its results. Solutions must be found by trial and 

error, using only perceptual means to generate visible forms to entities that 

have no visual definition. 

This does not mean that artists have been using laws of perceptual 

organization consciously and explicitly. To the contrary, the development of 

hypothetigraphy can be regarded as the unfolding of a lengthy empirical study 

of trial and error. In hypothetigraphy, the only way to learn whether a certain 

arrangement of graphic elements will suggest the appropriate intepretation to 

an observer is often by trying it and then asking oneself whether it indeed 

suggests the intepretation. The artist may have had a conscious intepretation in 

mind, but the image produced is vague and lacking in detail. By looking at the 

concrete image, the artist can see what elements are missing or how they could 

be rearranged. By using perception as a guide the artist knows there is a good 

chance that the communicative intention will come through. This is so because 

basic perceptual processes function in the same way in both the artist and in 

potential observers of the work. Completely unaware of the huge theoretical 

problems underlying their task artists continually attempt to exploit perceptual 

organization in their work, 

FROM STAGE PRODUCTIONS 

TO ABSTRACT SCHEMATA 

Throughout the Middle Ages, science was part of philosophy. It was founded 

on the fundamental Aristotelian notion of the senses as sources of reliable 

knowledge: having defined special-objects as those known through the senses, 

Aristotle wrote: "Perception of special-objects is true or is liable to falsity to 

the least sensible extent" (4). The perceivable world was considered a direct 

source of knowledge, and observation provided a direct route to truth. It was a 

science that emphasized qualitative aspects and paid little attention to the 

quantitative. For this reason, relationships between different phenomena were 

based on sensory analogies. Mathematics and geometry were disconnected 

from the natural sciences and generally proceeded along a parallel and 

independent path. Engineering problems were not solved by means of 

rigourous mathematical tools, but by practice and experience. The corpus of 

knowledge about materials, structures, and building procedures that allowed the 

daring spatializations of Gothic cathedrals had been accumulated slowly over 

centuries. They were guarded among builders' guilds as trade secrets, not as 

physical theories in a mathematical form. 

The development of perspective, along with the inventions of print, the 

telescope, and the microscope, was among the most important events of the 

Renaissance. Perspective brought about a completely novel way of looking at 

the world. Part of this development had to do with the promotion of the first 

mode of drawing, the correspondence of edges. All things, from the simplest to 

the most complex, were analyzed, sectioned, measured, and classified based on 

geometry and proportions that could now be seen, because they were looked at 

with different eyes—eyes that had been given the right to look, and as a 

consequence had acquired the capacity to see and to represent all the 

components of the natural world. Thus, all the different forms of things could 

be shown, then different hidden structures and the different metamorphoses and 

processes could be shown as well. 
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The diffusion of printing increased the availability and the spread of 

knowledge. Books illustrated with etchings offered a natural answer to those 

who wanted more explanations and more clarity. The etchings were an apt tool, 

and this kind of book soon became the most sought after. From the diagram of 

Figure 1.1, we are reminded that illustrative drawing was an offspring of 

pretechnological drawing and that it later generated the genre of scientific 

illustrations. The Best printed textbooks followed the criterion of representing 

machines or buildings in their totality, providing only minimal and approximate 

suggestions about the modalities of their construction. Even more scarce were 

indications about the mechanical principles underlying their functioning. This 

was the approach of great artists such as Leonardo Da Vinci, Francesco di 

Giorgio Martini, and Mariano di Jacopo (known as "Taccola"). Presumably due 

to the strength of the realism of perspective, drawings that showed objects in 

their entirety seemed to contain all the information necessary for their 

construction. 

Scientific illustrations of this period belong to what I have called the 

pretechonological thread. Consider a drawing that aims at explaining the 

working of a pump to extract water from mines (Figure 6.1) or one that tries to 

describe the trajectory of a projectile (Figure 6.2). In both examples, the 

technological information is embedded in an almost theatrical production, a 

scene with characters and a complex context. Such a production must be faithful 

in representing all elements of the situation because explanation of the object 

rests so heavily on the viewer's overall interpretation of the drawing. One 

cannot describe the trajectory of a cannon ball, for example, without also 

showing the cannon, the projectile itself, the fire and smoke of the explosion, 

the landscape, and the artillery soldier. To show interaction between objects 

without showing the objects themselves would be senseless. The concept of 

force as a relationship between two magnitudes had not yet been worked out 

when these drawings were produced, and understanding of the concepts of 

energy and its conservation still had a long way to go. Thus, physical 

phenomena were demonstrated through the depiction of things, animals, or 

people in relation to those physical phenomena. 

Soon thereafter, however, such illustrations of technology were enriched 

with a new and useful convention. It was in the true nature of the Renaissance 

to develop the idea of superimposing an abstract geometric scheme onto the 

realistic depiction of a physical event, so as to make the geometry underlying 

the event explicit (5). The innovation is well represented by two etchings, one 

by Cesare Cesariano (1522; Figure 6.3) and the other by Hermann Ryff (1547; 

Figure 6.4). This practice coincided with a trend that made the schemes of the 

natural philosophers less abstract (6). One way of reducing the degree of 

abstraction was to connect geometric patterns with realistic representation. As a 

consequence, for a brief period, two modes of drawing, correspondence of 

edges and geometric correspondence, worked in conjunction. But soon the 

Aristotelian paradigm would begin its decline, and the appearance of things 

would become an unwanted burden to be overcome by those who wanted to 

perform scientific investigations of nature. 

The early Accademie, the learned societies founded in Italy during the days 

of Mannerism, formed an important forum for discussions on art—its nature, 

function, and procedures. As one would expect, in most cases these discussions 

were purely "academic," bringing few original contributions to the development 

of art theory. Members of the Accademie shared a corpus of ideas—those of 

Mannerism—and tolerated no doubt or disagreement on the 
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6.1.   A pump for 
extracing water from 
mines. Giulio Agricola, 
De re metallica, 16th 
century, New York: 
Dover. (Reprinted with 
permission) 

principles that inspired their debates. For this reason, the Accademie served an 

essentially conservative function from their start. Even if they were limited by 

their attitudes, however, some members of these societies did show some 

originality in the development of their rather retrograde erudition. A case in 

point is that of Federico Zuccari (1543-1609), one of the most important 

spokespersons of the academic culture in Italy at the end of the 16th century. As 

the head of the Accademia of S. Luca, Zuccari devoted no small part of his 

speculative effort to the theory of drawing. Testimony of his work is collected 

in lectures he gave to the Accademia, later collected in the volume L'idea de' 

pittori, scultori et architetti (The idea in painters, sculptors, and architects), 

which was published in Turin in 1607. The contemporary reader is impressed 

with the resonance of some of Zuccari's concepts with some of the most widely 

studied constructs of modern cognitive psychology, such as 
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6.2.   Hermann Ryff, 
Representation of the 
Trajectory of a 
Projectile, 1582. Note. 
From Intuitive Physics, 
by M. McCloskey, 1983, 
April Scientific 
American, p. 114. 
(Reprinted with 
permission) 

that of mental imagery. Of course, reinterpreting early discussions in light of 

contemporary theory can be misleading in many respects. Nonetheless, it would 

be unfortunate to neglect one of the few contributions from that period to the 

theory of drawing. 

Zuccari made an important distinction between "internal" and "external" 

drawing, which has been praised by Panofsky (7) and is still relevant to 

discussion on drawing. According to Zuccari, an internal drawing is something 

that is both visual and mental and that could resemble an image when relieved 

of its scholastic connotation. In Zuccari's own words, "by internal drawing, I 

mean the concept that is formed in our mind in 

6.3.   Geometric 
diagrams superimposed 
on the realistic 
representation of a 
physical event, Cesare 
Cesariano, 1522, 
Vitruvius Pollio, De 
Architectura, Como: Da 
Ponte, 1521. (Reprinted 
with permission) 
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6.4.   Geometric 
diagrams 
superimposed on the 
realistic representation 
of a physical event, 
Hermann Ryff (1547). 
In The Heritage of 
Giotto's Geometry, 
1991, S. Y. Edgerton 
Jr., Ithaca: Cornell 
University Press. 

 

 

order to acquire knowledge about an external object and to be able to perform 

actions on this object in accordance with our understanding of it" (8). 

External drawing, on the other hand, was Zuccari's term for the bodily, 

visual form that allowed the internal drawing to reach our senses: 

I therefore affirm that external drawing is nothing but the appearance of an 

object as delimited by a shape without concrete substance, that is, a simple 

outline or silhouette of any object imagined or real. A drawing formed in this 

way is bordered by a line, and it becomes a visualizable form of the ideal 

image. Thus, the line is the material and the visual substance of external 

drawings, whatever technique one uses to create the actual drawing (9) 

The following citation, which could have been placed in several other parts 

of this book, is especially interesting in that it seems to prefigure the birth of 

that kind of drawing that I have called hypothetigraphy: 

Furthermore, I claim that external forms of things in nature, being the object of 

our experience, are our true experience of external drawing. That is, because 

the internal and substantial forms of these same natural objects, not being by 

themselves objects of experience, cannot be portrayed or painted. Only the 

minor philosophers, which we call physicists, natural 
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philosophers, or philosophers of the soul, are able to know these internal forms 

with their internal eyes, and usually they can do so only imperfectly as they paint 

them within themselves by means of the art of internal drawing. Thus, only the 

external forms of the objects that can be experienced can be imitated by painters, 

and the art of painting can only be imitation of the true live world (10). 

Although Zuccari's notion of drawing was one that aimed only at verisi-

militude, his theory seems to make room for the idea that there are certain 

aspects of nature that cannot be directly experienced. These aspects can only be 

imagined, or "internally drawn," by natural (minor) philosophers. Now that 

drawings are used well beyond the borders of the imitation of nature, it become 

imperative to find ways to give form to those abstract entities that are 

necessarily invisible and yet constitute the foundation of the visible world that 

we all share. 

ALLEGORICAL VISIBILITY 

AND CONCRETE INVISIBILITY 

It is not impossible to stumble on images that could be considered examples of 

hypothesigraphy in the history of the graphics, although hypo-thesigraphy in the 

modern sense, the sense that was the object of Zuccari's intuition, developed 

only between the 17th and the 18th centuries. It was a time that witnessed a 

widespread, unstoppable diffusion of printed images, the apotheosis of drawing 

as a tool to illustrate and explain. In this period, Descartes started to rely on 

drawings to explain certain aspects of his thinking. No philosopher had done 

that before. Descartes used the whole gamut of graphic representations: 

naturalistic images to describe the workings of the senses, geometric patterns to 

explain dioptrics, anatomic tables to describe the various parts of the "man-

machine" and how they worked, abstract images to explain his theory of 

vortices (see Figure 6.5). Descartes' drawings of vortices represented a typical 

example of abstract diagrams, used to represent hypothetical structures that 

explained natural facts. According to Hackmann (11), after Descartes it became 

"interesting to study the development of these abstract diagrams during this 

period (and beyond). They gave these hypothetical structures a visual 

concreteness which they do not have in nature and which must have helped with 

their dissemination." Roche, discussing the picture that Descartes used to 

illustrate his theory of terrestrial magnetism (Figure 6.6), noted that "hypothesis 

and naturalistic representation are integrated in this diagram. Such diagrams no 

longer represent idealizations of what can be seen, but usually represent what 

cannot be seen, or what is hypothetical, or auxiliary" (12). 

Zuccari's intuitions and Descartes' graphic productions became explicit, 

consciously adopted tools in the work of Newton. Newton, facing the challenge 

of distinguishing between absolute and relative spaces and motions, argued that 

absolute space and absolute motion cannot be perceived. To understand them it 

therefore is necessary to "go beyond the senses." Newton's nature transcends 

experience. It is no longer the nature of Aristotle, which was ready to reveal 

itself to those that observe it with the proper attention. Newton's nature is made 

of elements and guided by laws that can be understood only going beyond the 

dimensions of the senses. 
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6.5.   Descartes, An 
illustration of the theory 
of vortices. In R. 
Descartes, 1664-1667, 
Le monde ou traitè de la 
lumiere. In Cartesio, 
Opere Filosofiche, [Eds 
Adam & Tennery] Vol. 
I, Bari: Laterza, 1994. 
(Reprinted with 
permission) 

As a skilled user of graphics and illustrations, Newton knew that thought is 

free to roam in many different directions, but explanations can be provided and 

understood only through the mediation of the senses. Perception can guide 

thought to a limit, and beyond that limit thought must proceed by the sheer 

force of abstraction. Before one reaches that limit, however, it is not 

6.6.   Descartes, A 
drawing illustrating the 
mechanical theory of 
magnetism. In Renati 
Des Cartes, Opera 
Philosophica ed. IV, 
parte IV de terra (p. 
196). Amsterdam, 
1664. Biblioteca 
Universitaria di 
Padova-Italy. 
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6.7.   Diagrams for 
analyzing forces into 
their components. From 
Newton's Philosophiae 
naturalis principia 
mathematica, editio 
ultima, Amsterdam, 
1723. (Reprinted with 
permission) Biblioteca 
Universitaria di Padova 
(Italy). 

inconvenient to use that mode of drawing that I have called the Euclidean 

mode, or mode of geometric correspondence. 

Causal mechanical relations were ideally suited not only to be shown, but 

also to be computed and verified through planar geometry. Figure 6.7 includes 

three drawings that demonstrate the composition and decomposition of forces 

through graphic diagrams. Two of them are by Newton himself. The world of 

classical mechanics lends itself naturally to representation by drawing using the 

mode of geometric correspondence. In this world, objects lose their formal 

singularity and abdicate their names to take on that we could call (if you forgive 

me the oxymoron) an "anonymous identity," which corresponds to their mass. 

Mass, as an abstract concept, can be represented by a single point identifying a 

barycentre. Mass as a critical part of the definitions of momentum and kinetic 

energy transforms the universe from an encyclopedia of objects to a field of 

forces that are in continuous interaction. The notion of equilibrium is added to 

the two fundamental relations of Euclidean geometry, equality and similitude. 

By establishing that force equals mass times gravitational acceleration, the 

identity is shown between two entities that were once considered 

heterogeneous. In all this, the systematic application of Euclidean geometry 

through drawing played a fundamental role, creating the millieu that favored the 

development of hypothetigraphy. To show mechanical forces entails showing 

things that cannot be seen because by definition one can only see the effect of 

forces, not the forces themselves. As the laws of motion and of mechanics are 

gradually discovered and described in mathematical terms, the quasi-realistic 

components of scientific illustration make room for increasingly abstract and 

geometric representations. 

Hackmann discussed four kinds of illustration used in scientific texts. His 

analysis distinguished between allegories, experimental conditions, 
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phenomena, and causes. Allegories consist of symbolic references that are 

found in several books of the 17th and 18th centuries. They highlight the im-

portance and validity of the "experimental" philosophy of the academies of the 

18th century, a discipline roughly corresponding to what we now call the 

natural sciences. Experimental philosophers worked in "theaters" of experi-

mental philosophy, which were nothing but laboratories with apparatuses for 

teaching demonstrations and experiments. Hackmann's second type of 

illustration, experimental conditions, illustrates the material contexts and setups 

that allow one to generate a certain phenomenon. The third type, phenomena, 

consists of pictures that demonstrate the objects of scientific explanation and 

the instruments that are used to demonstrate them. Finally, the fourth type, 

causes, consists of diagrams that illustrate factors hypnotized to be causes of a 

phenomenon (luminous rays, currents, energy, and so on). Hickman said: 

"These (abstract) diagrams relate to the microstructure of natural phenomena 

and could not be observed (or isolated) by instruments or laboratory 

procedures, but were primarily based on the theoretical framework" (12). Over 

a time span of three centuries (from the 17th to the 20th century), scientific 

illustration went from predominantly using the former two kinds of illustration 

to strongly preferring the latter two. 

Through the works of Galileo, Descartes, and the rediscovery of Kepler's 

study of astronomy, the 17th century witnessed the unification of mathematics, 

geometry, and the physical and natural sciences. Kepler was especially 

instrumental in spurring the change in cosmology through his realization that 

gravitational motion was not be ascribed to a spiritual virtus but to necessary 

laws that could be described with mathematics. Thus, the concept of force, 

which was previously separated from matter, was now inherent to it by virtue 

of a logically necessary correspondence. Force and matter now represented two 

different aspects of mathematical causality, even though the notion of force 

would find a precise definition only with the introduction of another of the 

fundamental principles of physics, inertia. 

The large corpus of empirical data and of theoretical developments 

produced in the two preceding centuries found a grand synthesis and a fertile 

systematization in the Philosophiae naturalis principia mathematica of 

Newton, published by the Royal Society in 1687. From Newton's Principia 

come the drawings reproduced in Figure 6.8. These depict (a) the curvature of 

water waves as they pass through a hole, (b) the water density represented by a 

set of horizontal lines, and (c) the imaginary substitution of a homogeneous 

orbit by means of threads. These pictures are completely detached from any 

constraint having to do with visual verisimilitude. Despite their independence 

from considerations of realism, however, these pictures are not independent 

from reality tout court. In fact, the graphic elements used by Newton 

correspond rigorously to specific physical states of affairs, defined by the 

presence of actual or potential physical forces. It is important to note that these 

representations are far from conventional. In them, a given graphic element 

does not simply stand for a physical component, according to a convention 

without any logical rationale. Instead, Newton's is a graphic model built to 

permit rigorous simulations and the computation of precise solutions to 

problems involving the action of several forces. This model formed the basis of 

graphic statics, that part of the study of statics that deals with complex problems 

involving the application of forces by constructing graphics rather than through 

mathematical analysis. If one were to insert graphic statics into the scheme of 

Figure 1.1, a logical place would be before 
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6.8.   Three drawings 
by Newton: (a) The 
bending of diffraction of 
a water waves through a 
hole; (b) horizontal lines 
representing densities of 
water; (c) replacement 
of an orbit by chords. 
Top and center from 
Philosophiae naturalis 
principia mathematica, 
ed. Colonia 1760; 
bottom, ed. Amsterdam, 
1723. (Reprinted with 
permission) Biblioteca 
Universitaria di Padova 
(Italy). 

 

node 22 hypothetigraphy, with connections to node 2 and to geometry in general. 

From the beginning of the 18th century, the new sciences increasingly used 

pictures that were not representations of data observable through the senses. 

Figure 6.9 is a representation of "electrical atmospheres," a notion introduced 

by Benjamin Franklin to explain the mechanics of attraction and 
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6.9.   Electrical 
atmospheres according 
to Franklin, Canton, 
Beccaria and Stanhope. 
In La rana ambigua, 
1986, M, Pera, Torino: 
Einaudi. 

repulsion through electricity. The drawings were all executed between 1741 

and 1781. The first of them is still a realistic representation of physical 

apparatus, whereas all the others use quite abstract signs corresponding to 

different hypotheses about the nature of those atmospheres. 

The concepts of force, work, and inertia displaced the attention of thinkers 

away from objects as independent entitites and onto the dynamics of the 

relationships between their components. With the beginning of the study of 

dynamics, the object of attention became the motion of bodies under the action 

of forces, and it no longer mattered what the bodies were or what was the nature 

of the force under examination—be it the pull of an ox, the muscles of a man, 

or gravity. What was crucial was to show the nature of the relationships; it 

became immaterial, if not misleading, to represent possible objects involved in 

physical events. Awareness became widespread that scientific truth, hidden 

behind sensible appearances, actually resided in dynamic relationships. Sensible 

appearances are made up first and foremost by objects and their forms. But to 

seek scientific truth, one had to renounce the infinite richness of forms and look 

instead for graphic solutions suitable for showing phenomena, events, and 

dynamics regulated by principles that could not be perceived. 

Ultimately, this direction led scientists to doubting the usefulness of visu-

alization in physics. The elementary components of matter, as we study them 

today, are made of energy-mass and are subject to interactions, collisions, and 

decays regulated by laws, which bear little resemblance to those of classical 

mechanics. These phenomena were all conceived and tested without the aid of 

visualization. At the beginning of the 20th century, the idea that physics 

reflected the observable continuity of the world was still widespread (13). 
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This notion was akin to the time-honored maxim of scholastic philosophy; 

natura non facit saltus (nature does not contain abrupt discontinuities). The 

idea of continuity entails the notion of a strict connection between cause and 

effect, the law of causality in classical physics. In the first decades of the 20th 

century, however, several discoveries of evident discontinuities in the structure 

of matter undermined this notion. For these cases, the strong connection 

between cause and effect is no longer valid. As a consequence, modern physics 

will undergo a serious crisis, spurred by a harsh debate on the proper way of 

conceiving, describing, and visualizing the structure and the behavior of 

subatomic particles. The discussion had a focus that today one could describe as 

metacognitive: The critical point was how one should mentally approach the 

problem of thinking about, and representing, the characteristics and the features 

of the subatomic world. 

VISUALIZATION: SPLENDOR AND MISERY 

The debate on the problem of visualization revealed a profound crisis in the 

cognitive approach to physical problems, experienced by many physicists of the 

20th century. It was a cultural revolution that is of great interest for the subject 

matter of this book. A brief summary of the historical landmarks of this 

development is the best introduction to the debate. 

1. Newton's Principia offered a new meaning to the notion of a causal 

explanation. An explanation was causal, according to new criterion, if the 

phenomenon explained it could be reduced to the central concepts of 

Newtonian mechanics, such as mass, force, quantity of motion, and 

momentum (14). 

2. The concepts of causal relationship and of mechanical procedure had found 

in pictorial visualization a tool for demonstration and clarification, as well 

as a criterion to establish the validity of a theory. The very notion of 

mechanical causality was identified with the possibility of a visual 

representation (15). Three of the most important developers of classical 

mechanics—Galileo, Descartes, and Newton—were all excellent artists. 

Although it has been given little attention by historians of science, this fact 

is actually an interesting singularity in the development of mechanics. 

3. After Maxwell presented the field equations for electrodynamic phenomena 

in 1873, his formulation was criticized for not leaving any room for 

imagination. Feynman (16) synthetized the Zeitgeist of end-of-century 

physics in this way: 

It was not yet customary in Maxwell's time to think in terms of abstract fields. 

Maxwell discussed his ideas in terms of a model in which the vacuum was like 

an elastic solid. He also tried to explain the meaning of his new equation in 

terms of the mechanical model. 

In Figure 6.10, an 1873 drawing by Maxwell illustrates the forces resulting 

from the sum of the magnetic field produced by a charged thread and the 

magnetic field of the Earth. Representations of the distribution of electrical 

or magnetic forces in space in terms of lines is a way of making the 

invisible visible (17). It is an operation that has a sort of 
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6.10.   Maxwell, 1873, 
Forces resulting from 
the sum of the magnetic 
field produced by a 
charged thread and the 
magnetic field of Earth. 
In A treatise of 
electricity and 
magnetisme, 1954, New 
York: Dover. (Reprinted 
with permission) 

naturalistic feel to it. By drawing magnetic forces as a set of lines, one 

must necessarily overlook the fact that electrical or magnetic fields are 

continuous. The processes of emphasis and exclusion, which are always at 

work when one creates a graphic work, also were involved in Maxwell's 

choices. It is tempting to think that a specific communicative goal guided 

these choices at least in part, and that goal was to adhere to the dominant 

theoretical paradigm of classical mechanics. 

4. As the atomic account of matter began to spread among chemists and 

physicists, they faced two contradictory facts: on one hand, everyone was 

aware that rigorously speaking, the atom could not be visualized; on the 

other hand, everyone also accepted that one could give up some rigor in 

exchange for the ability to reason about atoms through a visual 

representation. This trick was extremely helpful to grasp some features of 

the theory. 

5. In 1911, working in this cultural climate, Rutherford decided to accept 

Nagaoka's proposal of considering atoms as miniature planetary systems, 

having central nucleis that attract electrons orbiting around them. 

6. In 1913, Niels Bohr proposed a new theory of the atom. The theory was 

based on discontinuity and proposed important violations of classical 

physics. Nonetheless, Bohr's theory preserved Rutherford's comforting 

image of the atom as a microcosm of orbiting microplanets (see Figure 

6.11). 

7. At the beginning of the 1920s, the limits of the model of the atom as a 

microscale planetary system were becoming apparent. If the planetary 

model could still be considered adequate for single-electron atoms, such as 

the hydrogen atom, its quantitative limits became extremely obvious with 

more complex atoms. Thus, nuclear physicists started to slip into 
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a conceptual dark hole where the microsphere image of a planetary electron 

transformed into a nonvisualizable entity (18). 

8. The 1920s witnessed a tumultuous events in nuclear physics. In 1925, 

Heisemberg presented his theory of quantum mechanics. In quantum 

mechanics, particles are not visualizable and are not subject to the 

continuity constraints of classical mechanics. Always an intuitive and 

radically nonvisual thinker, Heisemberg denied that visualization could be 

useful to theory. In 1926, Schrodinger presented his wave theory of 

mechanics. His work, strongly in touch with the idea of continuity in 

classical physics, relied heavily on a fully visualizable metaphor. 

According to some, Schrodinger was motivated in part by his 

dissatisfaction at the absence of visualizable features in quantum mechanics 

(19). Heisemberg, on the other hand, reportedly defined wave mechanics as 

simply "repugnant" (20). His distaste for waves spurred him to draw a 

clear-cut distinction between "intuition" and "visualization." The debate 

was instrumental in part to Heisemberg's formulation of the principles of 

indetermination, which at the beginning of 1927 provided the strongest 

rebuttal to classical causality. 

9. By 1897, Thompson had demonstrated that cathode rays are made of 

concrete subatomic particle having negative charge (the electrons). At that 

point, it seemed that the controversy over the nature of cathode rays had 

been resolved. For several years, this controversy had occupied the most 

brilliant physicists of the late 19th century. In 1927 and 1928, however, a 

series of important contributions demonstrated the wavelike nature of the 

electron. As a consequence, the idea that an electron can behave either as a 

small particle or as a wave gained acceptance. Accepting 

6.11.   Rutherford's 
image of the atom as a 
microcosm of orbiting 
microplanets. From 
Imagery in scientific 
thought, 1982, by A. I. 
Miller. In A. Shimony 
and H. Feshbach (Eds.), 
Physics as Natural 
Philosophy, Cambridge, 
MA: MIT Press. 
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the dual nature of the electron was tantamount to recognizing that any 

visual representation of it was impossible. 

10. In 1929, Bohr arrived at the conclusion that a coherent formalization of 

atomic phenomena had been reached only thanks to a conscious renunce-

ment of the usual attempts at visualization (21). Hanson (22) offered a 

review of opinions on the issue of visualization during the following 

decades. In 1933, Einstein claimed that all scientific images of nature were 

mathematical images, and only mathematical descriptions were in accord 

with empirical facts. Einstein believed that the universe should no longer be 

conceived as an immensely large machine, but as boundless thought. In 

1950, Heisemberg declared that physics had reached the limit of 

visualization and that the picture of electrons as microplanets orbiting 

around the nucleus could not be taken literally. In 1954, De Broglie argued 

that the classical visual models of physics could be used to represent certain 

aspects of the world but were too rigid to encompass in their visual forms 

the full richness of reality. 

11. In retrospect, the debate on visualization had been essentially a process of 

linguistic clarification (23). Quantum theory was preoccupied about 

describing a world that had lost all connections to sensory experience, and 

Heisemberg, its foremost defendant was active in trying to discourage any 

interpretation of new concepts in terms of old categories. Later, when 

discussing the incertainty and discomfort resulting from the theories of 

Schrondinger and Heisemberg of 1926 and 1927, the latter (24) recalled 

how physicists were growing increasingly convinced that quantum 

mechanics was a correct theoretical framework, but they were profoundly 

frustrated at not having a language to talk about it. All discussions were 

immensely frustrating because, as Bohr used to say, all words in a language 

refer ultimately to ordinary perception (25). But perception could not be 

abandoned. Thus, after the crisis in the 1920s, two problems emerged. The 

first was that of deciding what one could expect from perception. The 

second was that of perception's proper use. One had to be wary of 

perceptions, which can always deceive, yet it was necessary to build 

measuring instruments that relied on perception to show what could not be 

seen but had been postulated by theory. From the standpoint of this book, 

the most important consequence of the crisis has been the gradual 

emergence of a radically new way of thinking about images. Once it 

became clear that images could provide a grammar to represent the 

invisible, the theory of visualization again opened up to new possibilities. 

In developing his novel version of quantum electromechanics, for instance, 

Feynman created original diagrams to represent quantum relationships 

rigorously but without mathematics. Even Heisemberg (26), the archenemy 

of visualization, ultimately gave a positive evaluation of Feynman's 

diagrams, calling them "intuitive methods" according to his new definition 

of intuition. In Feynman diagrams, particles are drawn as if they left a trail 

delineating their passage. Each line thus describes the path of one particular 

particle, dividing in two whenever the particle undergoes scission (Figure 

6.12a and b). A mathmathical expression is associated with each line and 

each vertex. The probability of any particular interaction described in the 

diagram is obtained by multiplying the expressions involved. Thus, 

Feynman diagrams are invaluable computational tools. 
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6.12a.   Feynman 
diagrams: Particles are 
drawn as if they leave a 
trail delineating their 
passage. Electron-
positron annihilition 
and new particles, 
Scientific American, 
June 1975, by S. D. 

6.12b.   The basic 
components of 
Feynman diagrams. 
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THE PSYCHOLOGICAL APPROACH 

TO VISUALIZATION 

About a decade before the explosion of the visualization debate in physics, 

psychology experienced a harsh debate on a related theme. The debate, in truth 

much more sterile than its counterpart in physics, had to do with the role of 

mental images in thought, and specifically with the question of whether it is 

possible to have thoughts without mental images. 

The structuralist theory of Wundt-Titchener, which was the leading 

paradigm of the period, maintained that conscious experience could take three 

distinct forms: perceptions, ideas, and emotions. According to this theory, any 

conscious state could be analyzed in its elementary components, which could be 

detected and described with the methods of introspection. The elementary 

components of perceptions were believed to be the sensations, those of ideas 

were believed to be images, and those of emotions were believed to be affective 

states. Mental experiences that did not referred directly to the present, such as 

memories and anticipations, were deemed to be those that relied more on the 

use of images. The latter tenet began to play an increasingly important role in 

the theory until it grew into the claim that images are a necessary component of 

all thought activities. Already Aristotle, in his De Anima, had argued that 

thought without images was not possible. Supported by Aristotle's authority, 

one side of the controversy set camp under Wundt at the university of Leipzig, 

in Germany, and later at Cornell University under Titchener. 

The opposite camp worked off the university of Wurzburg under Külpe, 

Ach, and Buhler. According to these theorists, thinking was possible without 

any contribution from sensory contents or images. A paper by Ach (27) initiated 

the hostilities. Ach discussed "knowledge without images," which other 

psychologists of the same school later transformed into "thought without 

images." 

A cornerstone of the debate was the colloquim given by Poincaré to the 

Société de Psychologie in 1908. In that colloquim, the great mathematician set 

forth the ideas that were later developed by the other great French 

mathematician, Jacques Hadamard in his lectures to the Ecole Libre des Hautes 

Etudes in New York (1943). Hadamard summarized his ideas in a book titled 

The psychology of invention in the mathematical field. In this book, Hadamard 

suggested that mathematical invention is based on choices just like any other 

kind of creative invention, including poetry. These choices are governed by a 

feel for scientific beauty and by concrete mental representations. Thus, 

Hadamard was a strong defender of the importance of mental images. For 

instance, he wrote: If "I think,. . . and so will a majority of scientific men, that 

the more complicated and difficult a question is, the more we distrust words, the 

more we feel we must control that dangerous ally and its sometimes treacherous 

precision" (28). 

The debate dragged on without appreciable theoretical results until the 

advent of Gestalt psychology. Behaviorism finally banned these kind of 

discussions under the rubric of mentalism. Nonetheless, the discussion of 

images produced and utilized during mental activity started again with the birth 

of cognitive psychology at the beginning of the 1960s. Three factors were 

important in generating the new way of thinking about visualization in 

psychology: the body of experimental results and the resulting theoretical 
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debate on mental imagery, the work of Johnson-Laird on mental models, and 

the new consideration of the role of vision in problem solving that sprang from 

the 1959 reprint of Wertheimer's work on productive thinking. Although the 

latter remained somewhat marginal to the debate, the first two factors generated 

a flurry of research and theory. I will not attempt to synthetize here the 

immense literature presently available on imagery and mental models. 

Nonetheless, given the importance of the debate to the issue of graphic 

communication, a discussion of the relevant aspects is in order. 

MENTAL IMAGES 

Novel interest in the study of mental images brought about new debate. 

Kosslyn (29) provided a critical review of the issues, which he divided into 

three groups: nature of representation, methodology, and brain locus. The 

debate on the nature of representation in mental images was typical of the first 

phase of the debate and witnessed a large participation by psychologists as well 

as philosophers. According to one side of the debate, mental images are 

characterized by a depictive representation. In other words, mental images are 

an internal picture in which elements are structured as the pixels of a cathode-

ray tube monitor, generating a figural correspondence with depicted object. 

According to the other side, images are based on a propositional 

representation, which is a sort of mental sentence that defines in nonambiguous 

fashion the image's mode of appearance. The constituent elements of propo-

sitional representations are symbols, not picture elements. 

A number of experiments have been performed in the attempt to gather 

evidence in favor of one theory or the other, but the debate died out after about 

a decade without a clear winner. According to Kosslyn, the weight of the 

evidence is slightly in favor of the depictive representation, but no crucial 

experiment was devised that allowed conclusive resolution of the 

contraposition. This fate is not uncommon in many theoretical oppositions in 

psychology, and I agree with Kosslyn that, for this as for other controversies, 

"Part of the problem was that the two kinds of theories are not really cast at the 

same level of analysis" (30). 

Two additional issues from Kosslyn emerged in the following 20 years. 

Methodological questions gradually came to the attention of researchers as new 

experimental results were scrutinized and evaluated, and brain locus questions 

began to be asked as new tools for functional neural imaging became available. 

Kosslyn reviewed these results, reaching important conclusions about how we 

produce and use mental images. He also offered a functional model of the brain 

structures involved in mental imagery. I will not delve into the details of this 

work here. It will suffice to note the following conclusion of Kosslyn, which 

seems to be especially fitting to the theme of this chapter: 

People can "mentally draw," visualizing patterns that they have never seen and that 

are not simply new combinations of familiar components. This process is a special 

case of the attention-based imagery described above. Only in this case one does not 

shift the attention window to a sequence of discrete locations but rather moves it 

continuously, activating the path left in its swath. (31). 
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The ability to visualize a novel pattern is critical to the construction of a 

hypothetigraph. Kosslyn devoted only the short passage above to the idea, 

suggesting that this kind of image should be understood as a special case of 

attention-based imagery. In general, the literature on imagery has focus on the 

contributions of memory and perception in the generation of mental images. In 

the case of hypothesigraphy, however, in addition to perception and memory, an 

important role is served by problem-solving and thought processes. The role of 

thought processes in hypothesigraphy brings together the issue of mental images 

with that of mental models. 

MENTAL MODELS 

According to the theory of thought processes proposed by Johnson-Laird (32), 

at the basis of mental life there are three kinds of representations: strings of 

symbols, which are the foundation for natural language; mental models, which 

possess structural features similar to those of the corresponding parts of the 

represented world and of which the primary function is the representation of 

states of affairs; and images, which are akin to mental models but with greater 

emphasis on the perceptual aspects of the represented reality. "Images 

correspond to views of models: as a result either of perception or imagination, 

they represent the perceptible features of the corresponding real-world objects" 

(33). 

I am not interested in discussing here the core of the mental models theory, 

which centers around the problem of syllogistic reasoning, its comprehension 

and interpretation, and around other inferential operations implied in the 

conscious use of language. Instead, I find relevant for my discussion the role of 

the "cognitive tools" that Johnson-Laird proposed as auxiliary elements in the 

processes of integration between reasoning, perception, and language. 

Johnson-Laird did not provide a single, final definition for each of the three 

kinds of mental representations. I define them here gradually, as the discussion 

develops. All knowledge about the world depends on the ability to construct 

mental models (34), but the primary source of models is perception (35). There 

is a difference between "physical" and "conceptual" models (36). The latter 

represent abstract entities, whereas the former represent the physical world and 

divide it into six kinds: relational models, spatial models, temporal models, 

kinematic models, dynamic models, and mental images. 

An image ... consists of a viewer-centred representation of the visible characteristics 

of an underlying three-dimensional spatial kinematic model. It therefore 

corresponds to a view of (or projection from) the object or state of affairs 

represented in the underlying model. (37) 

The content of a model is a function both of the model itself and of the 

processes that evaluate the model. A model is never a frozen state of thought 

because it can be modified recursively. A single model can represent an infinite 

number of possible states. Models can be constructed to represent real, possible, 

or purely imaginary states. Mental models derive from the structure of the 

world, both the perceived and the conceived structure of it. They can establish a 

relationship between propositional representations and other models. They can 

transform a model of a given form into another model of a different model of 

another form. For instance, they can transform a model into an image. 
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Empirical studies on mental imagery, as well as the theory of mental 

models, can provide useful hypotheses on the processes that contribute to the 

production of hypothetigraphy, but they cannot explain all its implications 

because they were never aimed to this goal. The aim of work on imagery and 

mental models aims at explaining the everyday working of the mind and at 

explaining how common sense contributes to knowledge. Hypothetigraphy, 

instead, is a tool that serves the function of communicating new discoveries, 

often obtained with counterintuitive reasoning. Thus, hypothetigraphy is often 

at the border of common sense. Moreover, hypothetigraphy should be 

conceived as a sort of translator from the counterintuitive, exceptional 

framework of a new discovery to that of common sense. Nonetheless, we have 

a lot of territory to cover before we will achieve a cognitive psychology of the 

exceptional products of the mind, despite occasional attempts in the field of 

visual thinking. 

VISUAL THINKING 

Visual thinking cannot be considered a field of scientific investigation in the 

cognitive sciences. Rather than performing experiments guided by well-formed 

theories, psychologists can be said to have used this notion as a flag word, used 

to oppose the predominance attributed to language in the field of creative 

thinking and communication. Some of the considerations that have been 

developed in this field are nonetheless interesting for my purpose here. 

Among the various anecdotes on visual thinking, one story has taken on a 

quality that approaches myth. It is the story of the alleged discovery of the 

benzene molecule by the Belgian chemist F. Kekulè. The story is most likely an 

invention but an interesting one even if untrue. Kekulè narrated that by 1865, he 

had been searching for some time to understand the chemical behavior of 

benzene. To that extent he had tried, without success, to build a model of the 

molecule that would be consistent with its chemical behavior. One afternoon, 

after working in his office, Kekulè fell asleep on a couch by the fireplace. 

During his sleep, he had a dream in which atoms aggregated in various ways; 

with them was a snake that bent to bite its own tail. As soon as he awoke, 

Kekulè realized that the valences of the carbonium compounds could form 

loops (see Figure 6.13). Pictures of chemical structures present some special 

properties relative to the diagrams that we have discussed so far, I will discuss 

them later. 

Another famous anecdote illustrating the alleged role of visual thinking in 

the solution to problems is Wertheimer's (38) account of his conversations with 

Einstein. The conversations dealt with the reasoning that lead to the formulation 

of the theory of relativity. In a footnote, Wertheimer cited Einstein's words: "I 

very rarely think in words at all. A thought comes, and I may try to express in 

words afterwards" (39). Spurred by Wertheimer's considerations about the 

importance of direction in thought processes, Einstein also claimed, "Of course, 

behind such a direction there is always something logical; but I have known it 

in a kind of survey, in a way visually" (40). 

Einstein was perhaps trying to appeal to the interest of Wertheimer on the 

role of vision in thinking because these statements contrast with his claims of 

1933, when he argued that the only images that are in accord with the available 

data were mathematical images. It would be difficult to classify mathematical 

images as visual images. Although certainly not verbal, 

6.13.    Kekulè's model 
of the benzene ring. 
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Einstein's thought was probably also not visual. Presumably, it proceded in that 

abstract format that is available only to those who can manipulate complicated 

mathematics. Typically, mathematicians are aware of this extraordinary form of 

thinking but cannot describe it. 

If, now that the 20th century is over, one were two choose the two images 

that best characterize the scientific achievements of the century, there is little 

doubt that many would cite Rutherford's planetary model of the atom and 

Watson and Crick's spiral model of DNA. Both images describe models, and 

both are tridimensional. The first, more appealing even though certainly in-

accurate, made a fundamental contribution to making an opaque and almost 

incomprehensible world familiar and accessible to imagination. The second, 

more complex and articulated, has taken on many different form but has never 

renounced the double-helliptical structure. The double-helix, despite its great 

simplicity, presents a piece of knowledge that has grasped attention of the 

public like no other, becoming an emblem of the basic tenet of genetics, that is, 

the idea that molecules contain a memory of all our characteristics. It is an 

image that is intriguing and reassuring at the same time. 

In general, hypothetigraphy produces these "total" models only rarely. 

Most of hypothesigraphy is made up of images produced for the commu-

nication, explanation, and popularization of science describing much more 

specific facts. To understand what makes this kind of communication unique, it 

is useful once more to analyze the relationship between graphic elements and 

represented objects. 

BUILDING HYPOTHETIGRAPHY 

Constructing hypothesigraphy is an activity that is stimulated by active 

frequentation of novelty, of that which was not previously known. Novelty is 

most easily and synthetically communicated through simplified images having a 

unique meaning. 

Hypothesigraphy is based on the principle that illustration is the first step to 

demonstration. Illustrating is a way of emphasizing, by visual means, those 

contents that cannot be effectively conveyed by verbal expression. 

There are essentially functions of hypothetigraphy. The first is that of 

connecting into a unitary pattern a body of knowledge that is fragmented and 

apparently not well organized. I call this the connective function (Figure 6.14). 

The second is that of reconstructing the various phases of a process for purposes 

of illustration and interpretation, starting from observable results. I call this the 

reconstructive function (Figure 6.15). The work of connecting or reconstructing 

always entails an interpretation. This amounts to saying that the image 

embodies a hypothesis regarding some data, imposing a pattern on the data 

themselves. In this sense, hypothetigraphy is a way of identifying what Brown 

defined as phenomena: 

The world is full of data, but there are relatively few phenomena. My suggestion is 

rather simple: phenomena are abstract entities which are (or at least correspond to) 

visualizable natural kinds. When scientists construct the phenomena out of a great 

mass of data what they are doing is singling out what they take to be genuine 

natural kinds. (41) 

Phenomena are to be distinguished from data, the stuff of observation and 

experience They are relatively abstract, but have a strongly visual character. They 

are constructed out of data, but not just any construction will 
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6.14.   A structural 
model of a metallic glass 
built by arranging rigid 
spheres in a compact 
configuration. In 
Metallic Glasses, by P. 
Chaudhari, B. C. 
Giessen, D. Turnbull, 
Scientific American, 
April 1980, p. 84. 
(Reprinted with 
permission) 

do. Phenomena are natural kinds (or patterns) that we can picture. They show up 

in scientific inference mediating between data and theory. (42) 

Thus, visualization, rejected by Heisemberg, Bohr, and later by Einstein, 

again becomes a legitimate element of theoretical dimensions. No longer an 

impediment to the potentiality for abstraction, visualization becomes possible 

for phenomena as long as these are separated from data. In my terminology, one 

could say that representational illustration, aiming at veridicality, are depictions 

of data, whereas hypothetigraphy is a depiction of phenomena. 

Hypothetigraphy must serve a double function. As is the case for all 

images, it must provide a surrogate for a piece of reality. On the other hand, 

however, it must make clear that the reality being shown is not that of data, but 

of phenomena defined by some theoretical hypothesis. For this reason, 

hypothetigraphy is almost invariably accompanied by explanatory text. Given 

that graphic elements do not have any directly recognizable relationship to 

portrayed objects, it becomes unavoidable that a figure caption establish the role 

played by each graphic element in the figure. 

An emblematic example is the benzene molecule described by Kekulè (see 

Figure 6.13). Not only does this picture show a piece of reality that cannot be 

accessed through direct observaton, it also presents a model of the architecture 

of matter that is informative, devoid of redundancy, convincing as an 

explanation, and economic in the means employed. The constituent elements of 

the figure are a certain number of letters, which symbolize the atoms of the 

elements in the molecule; a precise arrangement of the letters on the surface of 

support; a series of graphic elements made up of short straight lines; a certain 

number of these elements; and finally the distribution of these lines in between 

the letters. Note that although the letters per se serve more of symbolic than a 

visual function, the other elements convey predominantly visual information. 
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6.15.   The sequence of 
events that may have 
originated stars from a 
cosmic wave. Note. 
From Did a supernova 
trigger the information 
of the solar system? By 
D. N. Schramm, F. N. 
Clayton. In Scientific 
American, October 
1978, p. 98. (Reprinted 
with permission) 

As any other picture, an hypothetigram suggests to the observer what kind 

of attitude is appropriate during the observation and what kind of information is 

to be expected. These features of the image are metaperceptual. Consider the 

following list. First of all, the graphic elements are object lines. The shape of 

figures is simple and symmetrical. The image plane is frontal parallel relative to 

the viewpoint. These features provide hints that there is no visual resemblance 

between what one is actually seeing and the true objects of the description. At 

the same time, however, they let us appreciate that the logic underlying the 

structure of the image is analogous to the logic underlying the phenomenon. 

This appreciation is eminently visual. Thus, we have arrived at the following 

paradox: To be useful as a communication tool, hypothetigraphy must let one 

see that what is being shown is something that cannot be seen. 

The rules of hypothetigraphy are to eliminate, to reduce, and to simplify. 

The more the visible world of daily experience is complex, three-dimensional, 

multicolored, rich in light and shadows, and varied through an infinite selection 

of forms, the less of these properties that must be allowed into the 

representation of the nonvisible world. Space is not represented, but translated 

in 
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a plastic, two-dimensional abstraction on the frontal plane. Observation will not 

focus on the observer or on the object because the former has not seen the 

object and the latter is not visible. Backgrounds and colors will have to 

eliminated, with the exception of the cases when they can be used as aids for 

discrimination. Graphic elements that could trigger associations with natu-

ralistic entities also will have to be eliminated. The infinite variety of forms will 

be distilled to a very limited set. Their complexity will be simplified as much as 

possible, to the point that whenever possible it will be advisable to resort to the 

simplest and most primitive of all forms, the circle. As the most prototypical of 

all forms, the circle is also the form of all things formless. We cannot help 

imagining that the very small parts of matter, those too small to sense with our 

visual or tactile receptors, must be copies at a smaller scale of bodily objects 

that we experience commonly. Although we have learned not to ask questions 

about the odor or taste of a neutron, it is difficult for us to stop imagining that 

neutrons and electrons are little balls (43). Thus, contrary to what happens to 

the world of artists, in which what is mysterious often becomes rich and 

dreamlike in dimension, the mysterious world of the scientist often means 

arriving at something trivial. In the illustrations of scientific texts, the same 

graphic solutions are used in the domains of classical mechanics, particle 

physics, and other scientific fields. 

It is extremely difficult to visualize the behavior of an electron mentally 

because the behavior of an electron is simultaneously particlelike and wavelike. 

For the same reason, it is impossible to show this behavior in a picture. It is 

possible, however, to show the interaction between electrons and the 

corresponding events separately for the particle and the wave state. One of the 

graphic elements that is used more often to represent dynamic interactions is the 

arrow. The use of the arrow in graphics is so widespread that one is tempted to 

consider it an obvious, natural component of impoverished graphic solutions. 

After observing the examples of Figures 6.16, 6.17, and 6.18, however, one 

may be convinced that arrows provide cost-effective and informative graphic 

solutions and enjoy widespread applicability. Arrows are one of the privileged 

instruments of hypothetigraphy, and it is natural to ask what factors contribute 

to its great communication potential. Gombrich (44) noted that arrows are 

readily understood by people from widely different cultures as indicators of the 

direction of movement. As a historian of art, he attempted to determine when 

and where arrows took on this meaning. According to Gombrich, arrows as 

indicators of direction are found in illustrations of the 18th century, such as that 

of Figure 6.19 which is dated 1737. Arrows were employed in graphics even 

before that. For instance, Descartes made use of them in the illustration to his 

book Le Monde ou Traitè de la Lumiére (45). I am convinced that even more 

ancient examples could be found. Think about the metaphor dreamed up by the 

Greek mythologists to explain the working of that invisible force of love: It is 

an arrow shot by a small blind agent. But whatever their true origin, there is 

little doubt that arrows as graphic symbols began to be used widely during the 

18th century, especially in the interpretations of electrical phenomena. 

The communicative power of arrows lies in the fact that they can convey 

information about orientation, intensity, and direction of a force, and they can 

do so in nonambiguous, perceptually eloquent fashion. These perceptual 

features are readily detected by low-level, bottom-up visual processes. Their 

interpretation in terms of electricity and magnetism is then warranted by 

cognitive integration that involves top-down processes. Of course, any 
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6.16.   From the 
nucleotide sequence of a 
viral DNA, by J. C. 
Fiddes. In Scientific 
American, December 
1977. 

magnitude that possesses orientation, intensity, and direction is called a vector, 

and vectors are represented precisely by arrows. But the graphic uses of the 

arrow go beyond the mere representation of forces. Among the many other uses 

are the representation of direction, as in the intriguing, almost expressionistic, 

picture attributed to Kelvin (Figure 6.20) depicting the formation of a vortex in 

a fluid; the representation of sequences of operations (Figure 6.16); the 

representation of trajectories (Figure 6.18); the representation of the different 

phases of an event (Figure 6.21), in their 
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6.17.   From Gauge 
theories of the forces 
between elementary 
particles, by G. Hooft. 
In Scientific American, 
June 1980. 

appropriate order; the spatial structure of the distribution of a force in a field 

(Figure 6.17). Other kinds of uses can also be found, as in the suggestive and 

unlikely mechanical model of Maxwell (Figure 6.22). In the model, dating back 

to 1861, currents are represented by the sequences of circles in between the 

hexagons, whereas the magnetic fields are represented by hexagonal vortices. 

Feynman diagrams represent an especially creative and efficient illustration 

of how arrows can be used to illustrate the unfolding of an hypothetical event 

(Figure 6.12b). It is useful to understand these diagrams because they provide 

further insight into the power of hypothetigraphy in creating links between 

invisible events and images that make them "visible." 
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6.18.   From the arrow 
of time, by D. Layzer. In 
Scientific American, 
December 1975. 
(Reprinted with 
permission) 

Gell-Mann (46) wrote that Feynman diagrams "give the illusion that you 

understand what is going on" in the interaction between particles. They do so by 

plotting distance against time. Figure 6.12a, for instance, shows the interaction 

of an electron and a positron and the consequent production of electromagnetic 

energy, or photons. One must bear in mind, however, that when we talk about 

the conversion of matter into energy, we are really talking about the 

transformation of matter into other forms of matter and of certain forms of 

energy into other forms of energy. This is so because, as Gell-Mann 

6.19.   Bernard Forest 
de Bèlidor, A water 
wheel with an arrow. 
From Gombrich, 1990, 
Pictorial Instructions. In 
H. Barlow, C. 
Blakemore, M. Weston-
Smith (Eds.), Images 
and understanding, 
Cambridge University 
Press. Cambridge, UK. 
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8.20.   A vortex 
configuration. In W. 
Thomson (Lord 
Kelvin), Mathematical 
and physical papers 
(Vol. IV), 1910, 
Cambridge University 
Press. Cambridge, UK. 

reminded us, all matter possesses energy, and all energy is associated with 

matter. In Feynman diagrams, material particles are denoted by letters (e = 

electron, u = quark up, and so on) and by lines. Particles that are accompanied 

by the production of energy are represented by wavy lines. The two diagrams of 

Figure 6.12a show two alternative outcomes of the collision between an 

electron and a positron and of the consequent production of a virtual photon. A 

photon is said to be virtual when its decay time is so short that the photon 

cannot be observed. When a virtual photon decays, several different kinds of 

particles can be created. In the left diagram of Figure 6.12a, the electron-

positron pair disappears to form a virtual photon, but then it reappears as a 

consequence of the decay of the virtual photon. In the right diagram, in contrast, 

the two particles exchange a photon and change direction. In the first case, 

"annihilation" has taken place, in the second, "diffusion." The difference is 

represented in the Feynman diagram by the orientation of the wavy line that 

represents the virtual photon. Thus, Feynman diagrams arc not a single, fixed 

way of representing concepts, but a system of components that can be 

recombined in many different ways. For this reason, they manage to convey a 

large amount of information and can be easily adapted to describe several 

different classes of event (Figure 6.12b). Perhaps in no other domain has 

visualization through hypothetigraphy provided useful solutions to research as 

in Feynman diagrams, despite the fact that the subject matter of particle physics 

is by definition one that cannot be visualized. 

Despite its value in understanding the role of visualization in scientific 

work, hypothetigraphy has nonetheless a limit as a conceptual construct. This is 

a delicate point, sharply emphasized in the work of Giovanni Anceschi (47). He 

argued that hypothesigraphy is extremely useful in promoting systematic 

knowledge of the iconic universe, but conceptually the notion of 

hypothesigraphy is somewhat instable, in some senses even fuzzy. It is as if the 

notion were a container for several different phenomena, connected to a 

hypothesis by what Anceschi called "ontological modalities, or if you prefer 

matters of credence, or to conditions that have to do with the existence of the 

represented objects and with the corresponding modalities of their knowledge" 

(48). I basically agree with this, although analyzing Anceschi's suggestion 

would require another chapter in this book. 
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6.21.   From the 
genetics of human 
cancer, by C. M. Croce, 
H. Koprowski. In 
Scientific American 
February 1978. 

HYPOTHETIGRAPHY: IT'S STRUCTURAL 

ELEMEMTS 

According to my definition, hypothesigraphy defines a rather homogenous class 

of drawings, which I call hypothetigraphs. The homogeneity of the features of 

these drawings is not absolute, however, and we should not expect to find all of 

them in any drawing belonging to the class. There is some room for creativity 

in drawing hypothetigraphs. At best, we can list those features that are more 

frequently found in hypothetigraphs. 

The first feature, and one that is most easily noted, is the use of simple 

geometric figures. As stated in this chapter, the aim of hypothesigraphy is to 

show aspects of the world that cannot be perceived and to show them in the 

light of scientific hypothesis providing an interpretation for those aspects. The 

"true" objects and their appearance are not important in this endeavor, for the 

phenomena under consideration have to do with relationships and with dynamic 

interactions between elements. For this reason, the shape of 
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8.22.  James Clerk 
Maxwell, 1861, 
Mechanical model of 
electric currents and 
magnetic field. Collected 
scientific papers, 
Cambridge 1890, 
William D. Niven, by 
kind permission 
Biblioteca Universitaria 
di Padova, Italy. 

elements per se is usually an irrelevant piece of information, which is best left 

out or represented simply by the most abstract of shapes, the circle. Arnheim 

(49) noted that spherical forms have been employed in a number of different 

cultures and periods to represent physical and biological phenomena and 

philosophical arguments. He wrote: "Roundness is chosen spontaneously and 

universally to represent something that has no shape, no definite shape, or all 

shapes" (50). 

Examples of the use of circles and spheres are so abundant that it is hardly 

necessary to list them. I will limit my treatment to one, which I find especially 

instructive. The example was used by Feynman in his lectures. Feynman made 

large use of circles to illustrate the atoms of different elements. In doing so, he 

often added a critical analysis of the abstractions and idealizations that were 

implied by this usage. The drawings of Figure 6.23, which I have taken from 

the Feynman lectures on physics, are accompanied by the following 

explanation: 

[Figure 6.23] is a picture of water magnified a billion times, but idealized in several 

ways. In the first place, the particles are drawn in a simple manner with sharp edges, 

which is inaccurate. Secondly, for simplicity, they are sketched almost 

schematically in a two-dimensional arrangement, but of course they are moving 

around in three dimensions. Notice that there are two kinds of "blobs" or circles to 

represent the atoms of oxygen (black) and hydrogen (white), and that each oxygen 

has two hydrogens tied to it. (Each little group of an oxygen with its two hydrogens 

is called a molecule.) The picture is idealized further in that the real particles in 

nature are continually jiggling and bouncing, turning and twisting around one 

another ... Another thing that cannot be illustrated in a drawing is the fact that the 

particles are "stuck together" - that they attract each other, this one pulled by that 

one, etc. (51). 

Thus, Feynman was well aware of the limits of these representations but 

never thought of giving up the aids to conceptualization that came from 

visualizing phenomena that are hard to describe by words. 

A second, immediately noticeable feature of hypothetigraphs is the addition 

of brief written text to the picture. Written notation is often integrated in the 

figure, partly serving the function of figure caption and partly working to 

directly link abstract signs with the meanings they are meant to convey 
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(Figure 6.21). The inclusion of written text is always necessary in hypothesi-

graphy, which would otherwise lose its communicative function. Because a 

hypothesigraph is a visual construction meant to represent aspects of reality that 

cannot be seen, there is always a conceptual gap between the image and that 

which the image is meant to represent. Because there is no external object that 

is common to the experience of both the producer and the observer of the graph, 

this gap can only be filled by the written text, which defines the connections 

between the graphic elements in the drawings and the conceptual elements that 

are meant to be represented. The graphic elements will establish the connection 

to the extent that they possess expressive analogies (52) with the characteristics 

of the things represented. Gestalt psychologists, such as Kohler, argued 

forcefully that our perception does not respond only to spatial and intensive 

aspects of objects, such as their form, size, position, and color; perception 

responds also to the "expressive qualities" of objects. These are aspects that 

pertain to the functions and the potentialities for action of the object. For 

instance, if we wish to break a walnut, we will look for an object that looks hard 

and that can be picked up; if we wish to rest our head, we will look for 

something solid but soft. Gibson, who later coined the term "affordances" for 

expressive qualities, argued that affordances function because they activate 

emotions such as tenderness, fear, sadness. Think of our tendency to classify 

colors and materials as warm or cold, or of our impression of instability when 

we rotate a square by 45 degrees, or of our impression that triangles "point" in 

one direction. Expressive qualities form the basis for all communicative 

interactions. Nonetheless, the analogy between the communicative content and 

the graphic elements meant to represent it is almost never immediately obvious. 

It must be explained explicitly. For this reason, hypothesigraphy can only be an 

integrated tool. In it, verbal and visual information are inextricably and 

necessarily connected. 

Another distinguishing feature of hypothetigraphy is the almost-exclusive 

use of precise marks, drawn using the ruler according to the forms and the 

procedures of technical drawing. Precise, clear lines contribute in conveying the 

impression that the depicted forms are mental constructs, not representations of 

natural objects. Precise lines are extremely rare in natural objects. Thus, lines 

drawn freehand are typical of taxonomic drawings, but not of hypothetigraphy. 

Lines drawn with the aid of mechanical instruments express artificiality, mental 

production, and elaboration. This expressive feature of hypothetigraphs informs 

the observer about the cognitive attitude most appropriate to interpret the 

contents of the drawing. 

Typical of hypothetigraphy is also the use of object lines over other kinds 

of graphic elements. Because in hypothetigraphs, artist and observer lack a 

commonly experienced reference object, it is difficult to use the mode of 

drawing that I have defined correspondence of margins. In drawings such as the 

structure of Kekulè, force diagrams, lines that connect different stages of a 

process, and the drawing of trajectories, the graphic elements are always object 

lines. Object lines used in hypothesigrams are different from those that I have 

presented in the third chapter, however, as a means to represent thin and narrow 

objects. In hypothetigraphy, object lines are not used to mimic some aspect of 

reality, but to illustrate relationships, correspondences, or connections. At the 

beginning of the chapter, I argued that any graph, independent of its content, 

must necessarily contain visual forms. In hypothetigraphy, however, the 

contents of the graph must not be interpreted 
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8.24. The double 
helical structure of 
DNA. 

as forms per se. Among the different kinds of graphic signs available, object 

lines are the most apt to suggest this kind of interpretation as a "form-non 

form." In addition, relationships and connections, and trajectories, even more so 

lend themselves naturally to an interpretation in terms of threads, ropes, and 

connecting cables. This simile, which is typical of certain contemporary 

philosophers, provides a natural interpretation for object lines in 

hypothetigraphs. 

A fifth feature of hypothetigraphy is the number of represented dimensions, 

which tends to be as small as possible within the constraints of the logic of the 

representation. You may recall, Feynman's statement about Figure 6.23. The 

figure depicts an environment that is actually three-dimensional, but for the 

sake of cognitive economy, the representation uses only two dimensions. Of 

course, spaces having more than three dimensions are impossible to visualize, 

so the issue is typically that of choosing between two- and three-dimensional 

representations. Even the four-dimensional space implied by the phenomenon 

in Figures 6.15 and 6.18 is represented with 
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only two pictorial dimensions, given that these suffice to convey the desired 

information about the phenomenon. Attempts to convey higher dimensionalities 

of more complex spaces are justified only when the higher dimensional structure 

plays a critical role in the meaning of the phenomenon, not simply because the 

phenomenon is itself higher dimensional. The typical example is the double-

helix structure of the DNA molecule, or other analogous situations (Figure 

6.24). 

Finally, hypothetigraphy tends to place the viewpoint frontally relative to 

the picture plane and tends to present figures without a background. The first of 

these final features is obvious whenever the graph uses only two dimensions but 

tends to be true even when the hypothetigraph uses three dimensions. Choosing 

a frontal parallel viewpoint among the infinite positions that could be employed 

contributes to evoke a certain mode of observation by suggesting that the author 

of the graph is looking at the picture in a rational and artificial mode. For this 

reason, the observer does not expect natural objects, but rather abstract 

reasoning. The second of these last two features, which stands in sharp contrast 

with pretechnological drawings (see Figure 6.1 and 6.2), contributes to focus the 

attention of the viewer, avoiding unwanted contextual effects. 

Encountering the world through our perception is a pleasant discomfort, or 

perhaps an unhappy pleasure. All of modern science rotates around this 

oxymoron; awareness that perception provides the only means to contact the 

world, and yet understanding that this can be misleading. In many sciences and 

especially in physics, inconsistencies between perceptual judgments and 

objective measurements has surfaced. Even worse, cases have been found in 

which perceptual judgments were useless to explain physical phenomena, even 

though they worked perfectly well to guide our actions through that very 

physical world. The debate on visualization of the 1920s and 1930s sanctioned 

the final separation between perception and physical theory, between the 

subjectivity of appearance and the objective rigor of mathematics. The crisis of 

the 1920s did not take visualization to the point of no return, however. At least 

in the domain of graphic communication, it brought a new awareness of the 

potentialities of images, drawn as well as mentally imaged. Thus, the system of 

graphic representation that I call hypothetigraphy came to its full maturation and 

is now used extensively to depict entities that are not properly visible or even 

imaginable. 

The next chapter will discuss another entity that cannot be directly seen and 

yet leaves visible signs of its passage. This entity is time, and time is especially 

interesting, because essentially all cultures have developed original solutions to 

depict time. 
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CHAPTER 7 

SEEING AND SHOWING TIME 

he objects of the previous chapter were graphics aimed at showing 1 

things that cannot be seen. I argued that such graphics are based on rules 

that are largely shared and accepted, even though they have never been 

formalized or imposed. The same fact is true of the graphics that are the subject 

of chapter 7—those created to represent time. Representations of time form a 

vast and varied body of graphic productions. But despite its diversity, the theme 

of time possesses an underlying unity and a strong structural homogeneity. As 

in the preceding chapter, I claim that such unity stems not only from our own 

cultural history, but also from constraints that are cognitive and perceptual in 

nature. 

FOUR WAYS TO THINK ABOUT TIME 

First and foremost time is a philosophical, scientific, and existential problem. 

This is not surprising because time, in practice, coincides with our individual 

and collective life. The whole history of philosophy is rich in theories 

attempting to understand time both as a subjective experience and as the 

measure of all things concrete and abstract. Nonetheless, philosophical spec-

ulation is rarely conveyed through graphics. Therefore, it would be difficult to 

find pictures of time among typical philosophical mediations. One can, instead, 

start from ways to think about time and then try to envision how such 

conceptions may produce different ways of showing the concept. I divide 

conceptions of time into four main kinds. Each involves conceiving time as a 

feature of sensory experience, and each is profoundly different from all the 

others. Yet all four are largely shared by most of us. 

Time as persecutor. Time chases us, spurs us, causes things to mature and rot. 

Time soothes our pains, but it also brings in new worries. In the end, time kills 

us. In this view, time takes on the role of a persecutor that only rarely 

blandishes us with welcome change. 

Time as necessity. Time is a necessary dimension for all events. Any event 

necessarily entails a transformation that must happen in time. 
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Time as cause. From a naive thinking perspective, far from any current 

epistemology, time as "before" and "after", "past" and "future" reflects 

causality. In this conception, time is an order parameter because causes must 

precede effects. Einstein drew on this idea, which was originally Kant's, when 

he stated that "the order of time, the order of before and after, can be reduced to 

the order of causality." (1) 

Time as a problem in psychology and graphics. Some graphic elements are 

perceived and interpreted as information about temporal positions. Typically, 

we see them added to elements that represent objects spatially, in the attempt to 

convey the time dimension. So far, I have not considered this feature of 

graphics, but its nature is psychological and perceptual and in many ways 

deeply interesting. Temporal features of graphics have to do with our ability to 

decide, from looking at pictures, that entities are new, old, young, antique, 

decaying, second-hand, refurbished, restored, and so on. From the point of view 

of those who study cognition, our ability to decypher clues about temporal 

positions of things has to do with the activation of mechanisms that are capable 

of picking up and processing specific sources of information. We could think of 

these sources as being visual cues to temporal positions. Identifying and 

understanding these cues is a perceptual problem that will be the object of the 

final part of this chapter. I will not deal in this chapter with time perception as it 

is usually presented in introductory texts of psychology, however. In the typical 

introduction to psychology, temporal perception deals mostly with acoustic 

phenomena, such as the perception of musical intervals and rhythms. But my 

problem here is that of understanding that vast graphic production that aims at 

conveying the ineffable feature of temporal flow, usually by means of graphic 

devices that are part of a single, observable image. In the study of graphics, 

interest in the problem of temporal perception has been twofold, including both 

the issue of the representation of motion, the oldest and most widespread (2), 

and the issue of the allegorical meanings and the contents of images portraying 

time. The latter are especially worth consideration, given that structurally 

different graphic solutions are apparent, depending on the notion of time that is 

being communicated. Time flows, and it flows in many different way depending 

on how one thinks about it. And depending on how one thinks about it, different 

graphic solutions become more apt. 

TIME AS PERSECUTOR: TEMPORAL 
ALLEGORIES 

For a long period in our history, time has been represented by means of several 

different allegories. Typical of these are the snake that bites its own tail, 

signifying both the eternal cycle of years and the infinite cycle of existence; the 

monster with three heads, wolf (the past), lion (the present), and dog (the 

future); the poplar tree, the leaves of which are white on one side and brown on 

the other and are in continuous motion, as in the continuous alternation of day 

and night. But the most common allegory of time is that of an old man, skinny 

and almost naked, with a long white beard and white hair. He has wings to 

represent the speed of time's flow, and he carries a sickle or hourglass, the first 

signifying the destructive power of time, the second signifying the continuous 

flowing of the years (Figure 7.1). 

7.1.  A representation 
of time as an old man 
with wings. Note. From 
Handbook of Early 
advertising Art, 1947, 
by C. P. Hornung 
(Ed), New York: 
Dover. 
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The allegory of Old Man Time seems to fit naturally with the conception of 

time as persecutor—so much so that one finds natural to think of the allegory as 

the embodiment of that conception. Nonetheless, (3) the historical development 

of the image followed drastically different routes. In fact, it is the product of a 

long, subterranean interplay of meanings at different strata of our culture. The 

pessimistic interpretation that we hold today is only the final product of this 

process. 

Panofsky noted that classical art represented time in one of two ways. The 

first was a young man, naked and bearing wings at the shoulders or feet, which 

represented the fugitive character of time and its potential to provide a decisive 

moment in people's lives. The second was an imaginary winged animal with the 

head and paws of a lion. This second image descended from the Eastern cult of 

Mithras and is believed to represent eternity as a creative force. Thus, the 

ancient images of time were symbols of flow and precarious balance, on one 

hand, and of universal power and fertility, on the other. Never in antiquity was 

time represented by symbols of decline and destruction. 

How could such as radical shift in meaning take place? It seems that it was 

a chance occurrence. Panofsky noted that the Greek word for time was chronos, 

which is extremely similar to the name of the eldest of gods, Kronos, In the 

Roman Olympus, Kronos was called Saturn, and being the eldest of gods, he 

was represented as an old man. He was also, however, the god of agriculture, 

and for this reason he often was depticted carrying a sickle. During the 

centuries, the images of Kronos and Saturn gradually supplanted those of 

Chronos until they came to signify time proper. For instance, artist of the 

middle ages repeatedly produced images of Saturn as the old man with a sickle. 

These Images were recycled by astrologists and then reinterpreted by Neo-

Platonists in Florence during the 15th century. Thus, the image came to possess 

the meaning that is familiar to us: 

Half classical and half Medieval, half Western and half Eastern, this figure brings to 

life, purely by chance, the grandeur of an abstract philosophical principle and the 

evil voracity of a demon of destruction; only the richness and complexity of this 

new imagine could account for the frequent appearance and diverse significance of 

Old Man Time in Renaissance and Baroque art. (4) 

The winged old man carrying a sickle interpreted many different roles in 

art. He cut the wings of love (Figure 7.2), revealed truth (Figure 7.3), prized 

innocence, triumphed over earthly concerns, and sought victims for death. As 

the moral rigor of the austere art of the Renaissance began to give way to irony 

and sarcasm, Old Man Time began to be scripted as a comic figure. Thus, on the 

front page of a 1638 book, Cento Statue Romane Risparmiate all'Invidioso 

Dente del Tempo (One Hundred Roman Statues Preserved From the Envious 

Teeth of Time), we see the old man biting a statue, the famous Torso del 

Belvedere (Figure 7.4). In 1761, we see the old man brutally cutting across a 

canvas with his sickle, sitting on the torso of a destroyed statue, or smoking the 

surface of a painting (Figure 7.5). The artist of these images, William Hogarth, 

was criticizing the fashionable enthusiasm of his era for the so-called "dark-

masters," the great painters of the past, whose canvases were considered more 

precious because they bore the signs of passing time. Here, the image of the 

winged old man is no longer just a symbol of time. It has became an ironic 

social character, 
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7.2,   O. Venius, 1567, 
Time cuts the wings 
from Love. In Studies in 
iconology, 1939, by E. 
Panofsky, New York: 
Harper Torchbook, 
1962. 

involved in producing the opacity and the imperfections that are perceived as 

the hallmarks of the genuine antique, the features that determine value in the 

antique market, the true selling of time. 

Figure 7.6 reproduces one of the last great performances of Old Man Time. 

Directed again by Hogarth, the character is playing a dramatic as well as 

satirical role. A pessimistic statement about the political and social context of 

his time, this is the last of Hogarths' etchings, completed only a few months 

before his death. In the image, all objects are either broken or collapsing. It is 

the end of time, which entails the end of the world and therefore the end of 

mankind. But the causal sequence could also be interpreted in the other 

direction: the end of each person is, for that person, the end of the world and the 

end of time. In this way, time as a weak old man becomes the representation of 

a person at the time of death. But the strength lost by the character is transferred 

to the image, which is still rich with arguments against a world 

7.3.   G. L. Bernini, 
Time reveals truth. In 
Studies in iconology, 
1939, by E. Panofsky, 
New York: Harper 
Torchbook, 1962. 
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7.4.   F.Perier,1638, Time 

the destroyer. In Studies 

in iconology, 1939, by E. 

Panofsky, New York: 

Harper Torchbook, 1962. 

 

7.5.   W. Hogarth, Time 

aging a painting by 

smoke. Note. Prom 

Engravings by Hogarth, 

1973 Dover by S. 

Shesgreen. (Reprinted 

with permission) 
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7.6.   W. Hogarth, The 
end of time, the end of 
the world. In Shesgreen 
S., Engravings by 
Hogarth, Dover 1973. 
(Reprinted with 
permission) 

that cherishes the dark painters. And so the pipe, time's companion object in 

Hogarth's staging, breaks. The sun's cart, a theme dear to the painters of the 

establishment, skids frighteningly at the curves of its celestial route, and its 

driver is thrown out of its course, inebriated by the feel of death. Other objects, 

of no symbolic value, are sapiently mixed with objects rich in symbolic value. 

The irony of chaos overcomes the order of conformism. 

Time has had many lifes, and in part he has lived them in parallel. William 

Hogarth died in 1764, after accomplishing the death of metaphorical time. Isaac 

Newton, who died in 1727, had already given birth to mathematical time. For 

Newton the problem of time as a physical dimension stemmed from the 

theoretical difficulties of describing motion (5). A description of motion 

requires spatial measurement as well as temporal variations simultaneously. But 

what are measures of time, if not meaures of some kind of movement? 

Therefore, Newton drew a bold inference: "He took all the functions that could 

be used to describe mathematically possible motions in space, chose one at 

random, hypothesized that the function involved constant velocity, and dubbed 

it time" (6). Time, which continued to be one of the objects of philosophical 

speculation, also became an open problem of physics. It continued to have this 

status in the long period that began with Galileo and ended with Einstein. 

The theory of relativity achieved a new unity of space and time, thanks to 

the glue provided by the universal constant of the speed of light. Quoting 

Minkowski, Bellone noted that also the objects of our perception require an 

integration of space and time: "No place can be perceived if not at a certain 

time, and no time can be perceived if not at a certain place" (7). Therefore, "the 

destiny of time and space, taken by themselves, is to disappear as pure shadows, 

for only some kind of union of the two can possess independent reality" (8). 

These conclusions ring true. At the same time, however, in our phenomenal 

experience, space and time can be easily separated. Not surprisingly, we can 

talk about space independently of time and vice versa. And one 
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1.1.   H. Minkowski, 
1908, Space-time 
diagram. 

domain in which the separation of space and time is especially apparent is that 

of images. 

Each image, abstract or representational, is a way of presenting a spatial 

array in a given point in time. But an image is also evidence of a small 

catastrophic event: the separation of space from time. Once created, an image 

becomes and remains independent of time. This separation is necessary to 

produce and process the image. Perhaps for this reason, physics has doubted the 

utility of visualization in the analysis of physical concepts (chapter 6). The 

separation of space and time is wholly unacceptable to modern physics. Even to 

depict events that happen in multidimensional space, hypothetigraphy tends to 

use abstract schemes in two dimensions. Far from locking the events in a two-

dimensional framework, the two dimensions of the drawing sheet work well as 

an abstract support for multidimensional conception. This is what can be seen in 

Minkowsy's drawing of a light impulse propagating equally in all spatial 

directions, which corresponds to a cone in space-time (Figure 7.7). The two-

dimensional compression of a cone into a single line works better, as a 

representation of the four dimensions of the event, than a three-dimensional 

image attempting to convey the shape of a real cone. Time, inextricably united 

with space, becomes an intrinsic component of events that can no longer be 

shown as an external entity capable of influencing events while staying 

independent of them. 

TIME AS NECESSITY 

Space and Time 

Greek historiography reported that the ancient Mesopotamic religion postulated 

an early union of space and time. Believers held that a dramatic event broke the 

union, and after that space and time could never again be whole. In the 

introduction to his rich and eloquent book about representations of time in art, 

science, and technology, Pierantoni said: "because time is neither tangible nor 

visible, the only way to represent it in one's own mind is as motion in space" 

(9). Although it is true that motion takes place in space over time, the visual 

representation of time cannot be reduced completely to the representation of 

movement. In our phenomenal experience, time and space are interconnected in 

many different ways, but the weight and their salience is seldom the same. Most 

often, one of the two components is more salient, and this has profound 

implications for the representation of both phenomena. Time can be especially 

difficult to translate into 
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visual patterns, and this often produces a shift of balance in favor of spatial 

features. 

What are the implications of this loss of balance in the salience of space 

and time? To answer this question, we must consider all aspects of phenomenal 

experience that are not fixed or stable. Thus, anything that can be modified is 

the object of our analysis. Among this vast class of phenomena, we can draw a 

first distinction between two subsets of modifications: transformations and 

movements. Transformations, or metamorphoses, imply a change in form over 

time, independent of spatial position. An object can change its configuration 

without necessarily changing its position. Movements, or displacements, imply 

a change in position over time, while preserving three-dimensional shape. 

Although both classes of phenomenal change include both temporal and spatial 

dimensions, I argue here that in the first case, that of shape transformations, the 

weight of the spatial dimension is reduced while that of time grows. The 

opposite happens in the second case. The expansion of the salience of time 

emerges suggestively in Ovid's treatment of the Metamorphoses (10). Ovid's 

narration of the story of Apollo and Daphne, which is one of the most 

frequently illustrated portions of the book, serves well as an example of my 

claim. 

Apollo, guilty of offending the cruel and vindicative Cupid, is punished in a 

fashion typical of the god of love. He is made to fall desperately in love with 

Daphne. The beautiful Daphne refutes all admirers, and especially the most 

obstinate, Apollo, whom she particularly disliked. Daphne's features are rich in 

hints of controlled movement; even her undisciplined hair is barely kept at bay 

by a head band (coercebat positos sine lege capillos). She will escape rather 

than accept Apollo's courtship. The chase begins. She runs faster than the wind, 

but "pushed by the wings of love, the chaser is faster, he denies himself any 

rest" (Qui tamen insequitur, pennis adiutus Amoris, odor est requiemque negat). 

Daphne turns to the heavens, asking to be freed of the physical appearance that 

makes her so attractive to Apollo. Her prayer is heard, and suddenly the 

transformation begins: "a heavy torpor invades her limbs, ... and her feet, which 

were previously so fast, turn into fixed, unmovable roots" (Pes modo tarn velox, 

pigris radicibus haeret). At this point, the motion of the chase ends, and space 

becomes frozen. From this point forward, all events will pertain to time only. 

Consider now pictures inspired by the story of Apollo and Daphne. The 

speed and the tension of the chase are often summarized by a single image full 

of movement: A scantily dressed young woman, beautiful and scared at the 

same time, is shown leaning slightly forward, her weight on one foot, with the 

other foot raised in a running gait. Her veils are suspended in midair to suggest 

her motion cutting through space. A young man, also running, pursues her with 

his arms raised and aimed in her direction; he is clearly the pursuer. The 

position of both bodies is definitely unstable, such that a stationary body could 

preserve it without losing its balance. In front of them is the space they are 

about to enter violently; behind them, the space through which they have just 

passed. Time is thus conveyed by the awareness that the frozen instant is one of 

instability that could not continue, of a transition toward some other state. Thus, 

the "before" and the "after" of the instant are somehow present in the image. 

When Daphne is caught and the metamorphosis begins, time begins to 

predominate over space. The transformation is a different kind of change of 

state, where the instability of bodily position cannot work to convey it. In 
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his attempt to represent Daphne's transformation, Bernini chose to sculpt a 

figure that is part young woman and part laurel tree. He tried to capture one 

instant of the temporal sequence of the transformation, but the result fails to 

suggest the before and after of the event, just as a centaur or mermaid is not 

usually seen as part of a sequential transformation from a human to beastlike. 

And this makes sense, for how could one decide if this is the transformation of 

a woman into a fish or of a fish into a woman? There is no suggestion of the 

direction of the transformation, no arrow of time. To represent a 

metamorphosis, a single image cannot suffice. To highlight the temporal 

dimension, one needs a sequence of ordered images. This artifice allows 

depiction of the different forms taken by the subject over time, while anchoring 

it in a spatial position. Note that this sequential technique also can be used to 

represent movement, but movement also can be depicted by-other means in a 

single image, as I have discussed above. A metamorphosis, on the other hand, 

can only be represented by the sequential technique. 

Events 

To discuss facts of our experience possessing a temporal dimension, it is useful 

to agree on a psychological unit of time. Physical time, as a continuous and 

homogeneous dimension, can be divided in infinite different units, all equally 

arbitrary and legitimate. Psychological time, however, is definitely 

discontinuous and inhomogeneous. In our experience—and perhaps even more 

notably in our memory of experience—temporal segments are regrouped and 

reorganized around actions or scenes. These become discrete and self-contained 

entities that are linked to each other in complex ways. Imagine that you wanted 

to tell the story of your life. Your narration will consist of a series of episodes, 

each with a beginning, a plot, and an end, and each connected by the common 

thread of your identity. 

Thus, we need some way of parsing time into psychologically meaningful 

elements. The notion of an event, as an entitity possessing a definite temporal 

beginning and end, is best suited to deal with the inherent discontinuity of 

psychological time. An event is the minimum unit of time, the elemental 

transformation that one can cognitively detect. As the nucleus of a single 

transformation that is phenomenally self-contained, an event can therefore be 

part of a larger happening, and it may be concluded while the overall happening 

is still taking place. In other words, an event can always be considered as one 

part of a higher chain of events; yet it also can be considered a larger whole 

made of many lower events. A chemical reaction can be an event or a chain of 

events. Examples of chains of events are a biological process, a soccer game, a 

story, a life, the history of humankind. 

In terms of physical time, there are no gaps and not units. Yet when I 

observe things as they take place and recall the corresponding memories, I have 

no awareness of a continuous flow. Instead, I experience and recall chunks or 

units of transformations. These are the events. Events are created by a process 

similar to the segregation of figure and ground in a picture. Once the 

segregation has taken place, the degree of the figure's psychological reality 

takes over that of the ground. The figure becomes strongly salient; the ground 

remains only weakly present. In the same fashion, an event condenses the 

meaning of the happening in the logic of its temporal transformation. The 

physical transformations that are left out of the event dissolve in a temporal 

background. Thus, every event can be thought of as a catastrophe, a dynamic 

process that maps all the infinite ways of organizing segments of 
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time into a single organization, the event we have witnessed. We experience and 

remember events to achieve economy of representation. It allows us to discard 

irrelevant information and to organize important information into units. 

Art and the Representation of Events 

For thousands of years, still pictures were the only medium for preserving and 

communicating visual information, even if the information was about 

transformation and movement. Thus, the visual arts have devised a number of 

different strategies aimed at coding and transmitting the dynamic content of 

events. These strategies are largely based on an intuitive understanding of the 

cognitive constraints involved in perceiving images and in linking them 

cognitively as successive representations of the same event evolving over time. 

Later I will examine the specific features of these types of images. To produce 

linkable images, one must provide visual information to specify their temporal 

distance. This information will thus define the temporal dimension of the 

narrative by connecting each pair of static images more or less strongly. 

The outcome can be either an illustrated story or a story told through 

images. The first kind of narration is essentially verbal, with images added to 

translate selected episodes into a visual form. The second kind of narration is a 

sequence of strongly linked images, which actually show the sequence of 

episodes that constitute the overall story. In this second kind of narration, verbal 

material is used only to report dialogue (words) or to suggest environmental 

sounds (onomatopoeic nonwords). Both kinds of narration can be used for 

literature but also for scientific narration and even for technological narration. In 

the latter forms, the protagonists are not human beings (or humanized things or 

animals), but natural forces and artificial machines. 

Critical to creating a link between successive images is the presence of 

permanent features common to all of them. Such image permanences are similar 

to the notion of geometric invariants, discussed in the preceding chapters, 

although they are defined less rigorously. Permanences must be combined with 

meaningful variations. Permanences group images into a single sequence. 

Variations provide information about temporal ordering and highlight 

differences in temporal position. The perceived temporal evolution of a 

sequence of images is thus based on a trade-off between permanence and 

variation. 

Examples of such trade-offs are easy to find. Even today, despite many 

sophisticated techniques for animation and temporal sequencing, the pre-

sentation of sequential graphics is still used daily for its ease of use and 

presentation. One example is Figure 7.8, which presents a sequence of three 

interdependent events: the transduction, transformation, and conjugation in 

bacterial recombination. The arrows pointing right indicate the temporal 

progression of the processes. A second example is provided in Figure 7.9, a 

table by Italian cartoonist Hugo Pratt (11). The table is read from left to right 

and from top to bottom, in the natural sequence of reading. As one scans the 

image in this order, a link is established between the images, generating an 

experience of continuity. Although each image shows the same character, each 

image is different. The variations are synchronized with the temporal sense of 

the observer, so that they are experienced as the unfolding of an event. Thus, the 

figure in the second image is immediately recognized as the same character as 

that of the first image, shown at a later point in time, the two figures in the 

fourth image are the same characters depicted 
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7.8.   Small variations 
and large permanences 
in the sequence of the 
phases of an event. 
Note. From 
Transposable genetic 
elements, by Cohen S. 
N., Shapiro S. A. In 
Scientific American, 
February 1980. 

in the second image, and so on. The successive presentation of permanences 

and variations is critical. If the first image on the top left had been followed 

directly by the last image on the bottom right, there is little doubt that readers 

would not naturally establish the connection. Note that the sequence represented 

in Figure 7.8 is more tolerant of potential rearrangements. For instance, if the 

first part had been followed directly by the third one, then the temporal 

relationship would have been weakened but not destroyed. This image is rich in 

permanence and contains only small variations. Pratt's table is more balanced in 

this respect. From a theoretical point of view, an interesting problem is to 

understand the proper balance between persistence and variation for a given 

depicted event. The adequate balance should favor linking the successive 

images while at the same time suggesting their interpretation as parts of the 

same event evolving over time. 

Temporal distances possess specific features in comic strips compared with 

other narrations through images. McCloud (12), in his entertaining and 

intelligent structural analysis of comics (told using comics), suggested that the 

grandfather of comics is sequential visual art, including all kinds of sequential 

graphics from Egyptian hieroglyphics to the arras of Bayeux, to the Aztec codes 

found by Cortez, to the moral tales of Hogarth. In my view, comics must 

instead be considered as structurally different from other narrations conveyed 

through images because of their specific use of temporal rhythm in different 

images. Comics were born in a cultural climate that had "magic" devices to 

create stroboscopic motion. It was an environment that witnessed the 

development of the chronophotography of Muybridge and Marey and the 

invention of moving pictures. In his relationships to these 
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7.9.   Hugo Pratt, a 
sequence from L'uomo 
del Certao, 1978, 
Milano: Edizioni 
CEPIM. 

new media, time as represented in a comic strip is different from other 

narrations both qualitatively and quantitatively. From a historical point of view, 

narrations conveyed through images have a distant origin and have evolved 

gradually through a series of modifications and adaptations. Nonetheless, there 

has never been a single, commonly accepted way of representing temporal 

positions in one image or a series of images. If we consider some of the ways 

that have been most popular, we can appreciate that constraints have been 

followed only approximately. Most likely, there were attempts to represent 

sequences of events in prehistoric cave etchings. We find obvious (if not 

immediately interpretable) traces of this intention in Egyptian and Assyrian bas-

reliefs. A good choice for a historical example of early narration through image 

is the Tabula Iliaca Capitolina from the age of Augustus at the end of the 1st 

century BCE (see Figure 7.10a). Brillant chose this table as a classic paradigm of 

"continuous narration"(13). The table is essentially a summary, through images, 

of Homer's Iliad, created by a sculptor known as Thedorus. The panel shows 

three episodes of the fugue of Eneas from Troy. Each episode is set in the same 

scenario in which Eneas appears three times. 

The first time, Eneas, the black figure on the left of Figure 7.10b, is depicted inside 

the perimeter of the city walls, the second time while he is passing through the doors 

of the city with his father and his little son, and finally, in the lower right corner, 

while he is boarding a ship (14). 
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7.10.   (a) Tabula iliaca 
capitolina, 1st century, 
"Eneas escaping from 
Troy." Photo Alinari, 
(Reprinted with 
permission); (b) scheme 
of the same "tabula" in 
R. Brillant (1984), 
Visual narratives story 
telling in Etruscan and 
Roman art, New York: 
Cornell University 
Press. (Reprinted with 
permission) 

Figure 7.10 outlines the subdivision of the panel in six horizontal registers. 

Of these, la e lb represent the destruction of the city; 4a e 4b show the escape of 

the hero. Between these two, are the two central registers, 2, in which Eneas 

receives the statues of the Penates from Anchises; and 3, in which Eneas—

shown enlarged to enhance the drama—exits the doomed city under the 

guidance of Hermes. Brillant noted that 

the figure of Eneas, repeated three times, defines the course of the action. As the 

principal actor, he plays a central role in the entire composition of 
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the panel. Despite the relatively small size of this work and the descending direction 

of its motion, the composition reminds us of the the organization in different 

sections of the Colonna Traiana (Figure 7,11) not only in the suggestion of 

sequences by loops of images cutting across the work, but also in the great weight 

of the principal actor, the key element of the narration. (15) 

Works such as these were not simply aimed at telling a story, they also 

served the purpose of glorifying the powerful and creating legends. For this 

reason, the temporal sequence is preserved in the macrostructure of the whole, 

but not in the microstructure of the various components. Different positions in 

time can be switched and temporal paths can cross, so that the story is at places 

a temporal despite a general chronology governing the whole. A work such as 

the Colonna Traiana could be enjoyed and understood by it viewers primarily 

because they already had knowledge of the episodes that were described. These 

Roman observers were looking at an illustration of a story with a predefined 

temporal order in their memories. The figure of the emperor acts as the pivotal 

character. The different scenes revolve around his figure, which also serves the 

function of temporal unit of measurement. The presence of the emperor 

determines the "historical" succession of the episodes, which does not 

necessarily agree with the true succession in natural time. In this sense, the 

rhythm of time on the Colonna Traiana agrees with the rhythm of time of the 

Roman society, which revolved around the feats of the emperor, his campaigns 

and military conquests, and his political decisions. 

7.11.   Scheme of the 
eastern side of the 
Traian column: 
repetition of the figure 
of the emperor. In R. 
Brillant (1984). Visual 
narratives story telling 
in Etruscan and Roman 
art, Cornell University 
Press, New York. 
(Reprinted with 
permission) 
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The treatment of the temporal dimension does not change in the great 

pictorial cycles of the Christian tradition. In these works, the figure of the hero 

or of the emperor is simply substituted by that of Christ or a saint. The Western 

Christian tradition promoted images in large part as teaching devices to be 

offered to the illiterate masses that were conforming in increasing numbers to 

Christianity. By looking at the images, one could learn about the episodes of the 

Sacred History and recognize in them the symbolic meaning defining the "right 

way" toward eternal life. Cycles devoted the Old and New Testaments, to the 

life of Mary, to the passion of Christ, and to the saints and the martyrs of the 

Christian tradition enjoyed widespread diffusion and success for several 

centuries. 

Especially precious for its high artistic quality is the example provided by 

the cycle of the passion of Christ, painted on the back side of the table of the 

Maestà in the Duomo of Siena by Duccio di Buoninsegna (1308-1311, see 

Figure 7.12b). The cycle is a collection of scenes telling a story of great 

significance to the Christian world, with strong symbolic value. In the statute 

7.12.   Maestà by 
Duccio di Boninsegna, 
14th century, "Ciclo 
delta Passione di 
Crista." In (a) the scenes 
are numbered according 
to the temporal order. 
From G. Cattaneo (Ed), 
L'opera completa di 
Duccio (Milano, Rizzoli 
1973). 
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of Senese painters (1335), we read: "We are, through God's grace, those who 

illustrate to the low, illiterate people the miracles performed by the virtues of 

the sacred faith" (16). The tables are meant to be read from bottom to top and 

from left to right, but with two inversions: the temporal sequence of panels 42-

43 and 56-57 is form top to bottom (see Figure 7.12a). 

Although the figure of Christ connects and links all the images, one would 

not be able to reconstruct their temporal order or their meaning. The presence of 

Christ in all the scenes guarantees that even those who do not know the story 

would guess that the episodes are connected, but the critical events of the 

episodes are intelligible only to those who already know the story. Different 

scenes do not have the strong links provided by the combination of persistence 

and variation that one finds in the tables by Pratt (Figure 7.9). Duccio's work is 

not a true narration through images, but simply a set of images meant to 

illustrate a narration. 

Interestingly, the rule for mounting the images on the panel does not follow 

the convention that we follow today. We read text and images from left to right 

and from the top to the bottom. With the passage of time, this cultural 

convention has become a rule not to be disregarded. 

After the Renaissance, and especially in the 17th and 18th centuries, scenes 

of secular life began to be become more and more usual. The culture of the 

Enlightenment attempted to transfer education and morals from the powers of 

the church and the monarchy to those of nature and society. In this cultural 

climate, the principles of nature and society are conceived as intrinsically good 

and just. Those who go against them were, and are, destined to be punished with 

methods that are intrinsic to nature and society. This idea, which sometimes 

generated a moralistic stance, in other cases spurred art that was inspired by 

great sincerity and moral rigor. Two interesting examples are Callot's series 

titled The Misery and Disasters of War and Hogarth's illustrated stories, A 

Harlot's Progress and A Rake's Progress. I find them to be of great interest not 

only for their high artistic level, but also for their original treatment of the 

temporal dimension. In the work of Callot, there is only one time; the present, 

and this present is dramatic in that it cannot go away. In that of Hogarth, 

instead, time is continuously, inexorably moving toward a final catastrophe. 

Hogart's time is dramatic because it annihilates permanence, and therefore any 

temporary impression of happiness. 

In 1633, Callot produced 18 etchings depicting different episodes of the 

Thirty Years War (four are reproduced in Figure 7.13). All of them present 

episodes that are far from glorious. Despite the poems written under each of 

them, which glorify military valor, and despite the fact that the brutality is 

attributed to the enemy, Callot's images are a dramatic denunciation of the 

violence and the drama of war. There is no protagonist or plot to link the scene 

in a temporal sequence. Except for the first and last etchings, which act as an 

introduction and conclusion by presenting a frontispiece and an image of the 

general prizing virtue and banishing vice, all the other images can be put in any 

sequence or conceived as happening simultaneously. This is a time without 

time, a depiction of present events that could happen anywhere. This is the 

endless present of all wars. 

In the six tables of A Harlot's Progress, Hogarth illustrated the story of a 

prostitute that eventually dies because of venereal disease. In the eight tables of 

A Rake's Progress, he set forth the adventures and misfortunes of a libertine that 

eventually becomes mad and dies (Figure 7.14). Hogarth's 
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7.13,   Callot, four 
scenes from The 
Miseries of War. In 
Daniel H., Callot's 
Etchings, Dover 1974, 
(Reprinted with 
permission) 

morals are more secular than religious. Thus, his punishments come from 

society and nature, not from the heavens (17). In opposition to Callot's use of 

time, the temporal sequence of Hogarth's table is necessary and anchored to the 

presence of recognizable protagonist. The central figure here is no longer the 

measure of the temporal grouping of events as in the Roman series, however; 

instead, the protagonist is the victim of time, the 

194   The Psychology of Graphic Images 

 



7.14.   Hogarth, two 
tables from A Rake's 
Progress. Shesgreen S., 
Engravings by Hogarth, 
Dover 1973. (Reprinted 
with permission) 

object of events that happen in time. In the cycles of Hogarth, time is catas-

trophic, accelerating as if it followed a parabolic law, and doomed to end in 

tragedy. 

In the work of both Callot and Hogarth, lines of text accompany each table. 

These words have the function of providing additional information about the 

connections between the episodes in each image. The authors are forced to 

include this nonpictorial information because the images, even if stylistically 

connected, illustrate only the most important episodes of a larger narration. If 

the narration were omitted, the connection between the images would be 

weakened or lost. Hogarth and Callot were not aware of the perceptual 

constraints governing the linking of successive images. To see the sequence as 

interconnected and consequential, the temporal interval between 
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successive images must be small. In the 1870-1890s, the revolutionary 

experiences of the chronophotographers Muybridge and Marey made 

illustrators aware of this, and after this discovery, words were no longer 

necessary to fill temporal gaps between consecutive images. 

Representing Scientific Events 

The invention of the microscope brought about new curiousity and enforced a 

new way of looking at nature. The Aristotelian view, based on the assumption 

of a perfect harmony between nature and perception, disaggregated gradually, 

and scientists began to attend to all aspects of nature analytically and 

selectively. A good example of the process is provided by the old theory of 

spontaneous germination for insects. Nobody could rightly claim that insects 

are born from parents because nobody had seen eggs inside a mother insect. 

With the microscope, awestruck 17th-century naturalists discovered an 

unexpected world, full of metamorphic beings that could alter their aspect in 

radical ways, sometimes even under observation, and often more than once 

before they reached maturity. The surprise of these naturalists is well expressed 

by Henry Baker (1753), who first observed an amoeba under a microscope. He 

described his discovery with the following passionate words: "None of the 

many different Animalcules I have yet examined by the Microscope, has ever 

afforded me half the Pleasure, Perplexity, and Surprise, as that I am going to 

describe at present." Baker could not believe that the same animal could take on 

so many different shapes. "Whose Ability of assuming different Shapes, and 

those so little resembling one another, that nobody (without actually seeing its 

Transformation performed under the Eye) would believe it to be the same 

Creature" (18). 

A viewer's surprise is even bigger when wholly unpredictable and unex-

pected worlds are found in a reality close to us, part of our daily routines and far 

from any exotic destination. New optical instruments revealed a new world that 

awaited exploration and description. In opposition to the New World recently 

discovered on the other side of the ocean, the world discovered through the 

microscope was not far than one's home and body. The transformation and the 

marvelous chain of events that one witnessed through the microscope required a 

tool suitable to communicate them to the larger public. The many medieval 

collections of animal figures, the Bestiari (19), did not fit the bill. As 

classifications, they lacked systematicness; as natural descriptions, they mixed 

known animals with mythological beasts and monsters based on tales from the 

distant lands across the ocean. Their depictions consisted of prototypes with 

little attention to their ontogenesis or locomotion. The new discoveries on the 

birth and development of insects and parasites highlighted the critical role of the 

temporal dimension in the study of life forms. The fact that the same organism 

could change the shape of its body several times before reaching adulthood 

required a new graphic solution. The same image needed to represent the 

identity of the depicted organism while representing the diversity of its 

manifestations. The early solution was to draw on the same page the different 

images of the organism, without separations between them, and adding 

numerical labels (Figure 5.35). 

The drawing thus became a place where the same entity was shown at 

different times of its existence, creating a diachronic synchronicity. Because the 

temporal sequence was represented by the numbers rather than an ordered 

spatial arrangement, viewers had to reconstruct the sequence at 
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7.15.   Pietro Paolo da 
Sangallo, 1675, The 
Developmental Cycle of 
the Mosquito. In G. 
Penso, La conquista del 
mondo invisibile, 1973, 
Milano, Feltrinelli, 

a cognitive level. The idea of mapping time onto a spatial ordering of the 

images came much later. 

Thus, the true connection between the images was the text, even more so 

than in the moralistic tales of Hogarth. Among the many produced in the period, 

a nice example is a letter dated 1675 and written by Pietro Paolo da Sangallo to 

describe to his teacher, the naturalist Redi, the developmental cycle of the 

mosquito. The letter contains an illustration of great naturalistic precision 

(Figure 7.15), used as evidence for the claims set forth in the text. As a scientist, 

Sangallo lacked a specialistic terminology to describe the new facts he was 

observing. He had to come to terms with the approximations of common 

language, and he did so by referring to the illustrations that thus became the 

necessary condition for clear and accurate communication. 

In concluding this section, I would like to describe one example that 

represents the anticipation of later developments. Between 1773 and 1774, 

Muller worked at the first systematic classification of infusoria. Among them 

was the amoeba, which had elicited so much surprise and awe in Baker. Muller 

devoted an illustration to Proteus mutabilis, as he called the amoeba, and it is 

especially interesting from the standpoint of this discussion (see Figure 7.16). 

Morphological transformations happening at a very fast pace and in a seemingly 

random order are not frequent in nature. The amoeba is indeed a unique case, 

and to describe it, Muller created a sequence of images that is almost 

cinematographic in character, juxtaposing states very close to each other in time 

and arranging them from left to right and top to bottom. The sequence is one of 

the early examples of a narration through images, a story entirely told by visual 

means and understandable without any verbal "glue" to connect its various 

moments. 
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7.16.   F. Miller, 1786, 
Proteus mutabilis 
(amoeba). In La 
conquista del mondo 
invisibile, by G. Penso, 
1973, Milano: 
Feltrinelli. 

The Distance Between Images in a Sequence 

As described in the previous section, in several early works the text that 

accompanied the sequence of images played an important role in organizing 

them in time. This was true of the Colonna Traiana, of the passion of Christ by 

Duccio, and in Sangallo's illustration of the developmental stages of the 

mosquito. Pratt's comic strip sequence of Figure 7.9, on the other hand, is 

readily organized in time without the help of verbal material. What makes the 

difference? The first factor is the width of the temporal range of the events. The 

passion of Christ takes several days. The deeds of Hogart's libertine begin when 

the protagonist is a young man and continue until his death. The developmental 

cycle of an insect takes several days, sometimes even months. The action 

depicted by Hugo Pratt, in contrast, takes only a few minutes, or perhaps even 

less. The information Pratt provided in those images allows us to perceive an 

action spanning a very short temporal interval. As all readers of comic strips 

know, our perceptual system readily understands if two sequential images are 

temporally separated views of the same event, or if they are simply two 

different, unconnected events. 

Perhaps we possess a cognitive ability to represent the properties of the 

actions people can perform and of the transformations that objects can undergo. 

If these schemes include information about duration, some top-down process 

could provide temporal coordinates when activated by the expressive or the 

semantic properties of the images. In this top-down process, information present 

in memory integrates the information provided by the 
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7.17.   Three 
independent figures. 

pictures. Therefore, a crucial role in this hypothesis is played by the semantic 

components of the figures. In other words, the process requires that the images 

represent things, people, animals, or objects that we know. 

There is also another possibility, however. Perhaps the process takes place 

at a lower level and without a contribution from previous experience. In this 

alternative process, the critical role is played by the structure of the images, and 

therefore from the trade-off of permanences and variations between successive 

images, independently from their possible meanings. In support of this latter 

hypothesis, I will discuss here two lines of evidence. The first is that it is 

relatively simple to create sequences of abstract, meaningless images and yet 

produce the impression of temporal sequencing; the second is that people agree 

on how to order a sequence of abstract images even if these are presented in a 

random order. 

Consider first the three patterns of Figure 7.17. No observer would 

experience a formal connection between them, at least not in the sense of 

experiencing the second as a derivation of the first, and the third as a derivation 

of the second. Nonetheless, it suffices to add two more figures between the 

square and the circle to induce the experience of a square transforming into a 

circle. I have done this in Figure 7.18. Note that the two additional figures 

progressively reduce the square character of the figure and increase the circle 

character. When we look at the left side of Figure 7.18, we see a square. In the 

next shape, we can still see a square, presumably the same square as before, but 

we also see some change at the corners that have become slightly rounded. 

Further to the right we see a compromise between a square and circle. Finally, 

circularity is the main characteristic at the center of Figure 7.18. In the same 

way, at the right side of the figure, I have created the experience of a 

metamorphosis from a circle into a triangle. 

The trade-off between persistence and transformation seems to stimulate a 

process that may be called cognitive drag. Information acquired during the 

observation of the first image is dragged onto the second and integrated with it. 

If there is a sufficient amount of persistence, then the second image is not seen 

as a new object, but as a representation of the first one after some 

transformation. Cognitive drag provides an economic mode of processing 

information, presumably based on the capacity and the mechanisms of working 

memory (20). An immediate consequence of the cognitive drag hypothesis is 

that if one enriched the sequence by adding even more intermediate figures, 

then the experience of a continuous transformation would be even stronger and 

coercive. The more minimal the interimage transformation, the more continuous 

the sequence. It is as if our cognitive system were forced to assume that in a 

short interval, only minimal transformations can occur. Thus, the amount of 

change between two successive images is 

7.18.   A square 
turning into a circle and 
then turning into a 
triangle. 
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7.19.   The changes 
depicted in the sequence 
of seven figures (top) are 
the same as those 
depicted in the sequence 
of four figures (bottom). 

interpreted as information about the temporal distance between the depicted 

scenes. 

In an unpublished experiment, I presented viewers with sequences of 

figures containing transformations or displacements of simple geometric shapes. 

The same amount of change was presented either in seven or in four-image 

strips (see Figure 7.19). The task of participants was to estimate, on a nine-step 

scale, the velocity of the event. In principle, there are two assumptions that one 

could make to reach a judgment of velocity with these materials. The first is to 

assume that the temporal distance between the images remains constant, 

independent of what is shown in the images. Under this assumption, one would 

have to report that the two transformations take different amounts of time. But 

the two sequences depict the same amount of spatial change. Therefore, one 

would have to perceive the longer sequence as a slower event. The second 

possibility is to assume that the overall duration of the sequences remains 

constant. Under this second assumption, the temporal distance between the 

images should change between the sequences. The results of the experiment 

unequivocally favor the first assumption. The transformations presented in 

seven-image sequences appeared slower to participants (lasting 34.54 seconds) 

than those presented in four-image sequences (23.46 seconds). The difference 

was statistically significant. Therefore, it seems that the perceptual system 

assumes constant temporal distances between images. Metaphorically, one 

could say that we have an internal movie camera that records a fixed number of 

images per unit of time. 

Suppose now that I gave you a set of images such as those of Figure 7.20, 

randomly laid out on a table. Can you order them so that they form a temporal 

sequence? The task directly addresses the problem of the visual perception of 

time. Seeing time is, in a nutshell, the ability to pick up the potential temporal 

ordering of a series of still pictures. For images such as those in Figure 7.20, the 

task is relatively easy. Once viewers order the images by scanning the sequence 

from left to right, they readily achieve the impression of an event evolving over 

time. It matters little what order 

7.20.   A. random 
ordering of five figures 
in a sequence. 

200   The Psychology of Graphic Images 

 

 



has been chosen; for instance, in Figure 7.21, one could choose to view the 

sequence from right to left or left to right. The necessary condition for reliable 

ordering is that the set of images contain a phenomenally continuous 

modification of the same structural characteristic. This modification must be 

neither too small nor too large. If the difference between the images is too small 

to be appreciated, as in Figure 7.22, we cannot establish a criterion for ordering 

them, and the flow of time cannot be perceived. If the difference is too large, as 

in Figure 7.23, we cannot find a criterion for linking the images, and therefore a 

temporal link also becomes impossible. The only solution in this case is to add 

verbal material to fill in the gaps between the images and to suggest 

connections explicitly. 

Practical Exercises 

I now present two examples of image sequences that provide temporal infor-

mation as practical exercises. These exercises can be solved in many different 

ways. I will offer some and leave the task of finding alternatives to the reader. 

My intention is to provide additional empirical foundations to my claim by 

appealing to the reader's direct experience. 

First Exercise 

Take a simple form, arbitrarily drawn, and construct a sequence of five images, 

either showing a sequential transformation of the same form or showing 

different events. Some solutions, including possibilities already discussed, are 

the following; 

1. Metamorphosis of a square into a circle (Figure 7.18) 

2. Rotation during free fall (Figure 7.24) 

3. Progressive opening of an angle (Figure 7.25) 

4. Progressive increase in the size of a square (Figure 7.26) 

5. Affine transformation of a square into a rhomboid (Figure 7.27) 8. 

Progressive erosion of a square (Figure 7.28) 

Each of the proposed solutions implies one of three possible cognitive 

outcomes. The first outcome is produced when the sequence contains local 

modifications of a shape that remains the same in some way. This is what 

happens in Figure 7.25, which is interpreted as an "opening" of an angle. The 

second outcome is produced when the transformation pertains to the whole 

shape. This is what happens in Figure 7.26, in which the modifications concern 

all the sides of the square. The perceptual interpretation is one of a progressive 

incremental increase in the size of the object, or of a looming event in which a 

square moves toward the observer without changing its dimensions. The third 

outcome is produced when a local transformation can be interpreted as 

involving an expressive component. In this case, the perception is not only of 

the "how much" and the "what" of the transformation, but also of the "how." In 

Figure 7.28, the sequence is interpreted as an erosion of the shape. Examples of 

this kind are consistent with the Gestalt notion of expressive qualities, 

mentioned in the previous chapter. According to the Gestaltists, perceptual 

objects do not possess only form, dimensions, and spatial position, but also 

expressive qualities, such has hardness or softness, sadness or joyfulness, 

attraction or repulsion. Arnheim (21) argued that these perceptual properties are 

conveyed by perceptual information, without the intervention of conscious 

thought or past experience. 
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7.21.   The same 
figures as shown in 
7,20 in the proper 
sequence. 

7.22.   A sequence in 
which the temporal 
flow cannot be seen. 

7.23.   Five figures that 
cannot be ordered in 
any specific way. 

7.24.   A sequence 
depicting a falling 
rectangle. 

7.25.   A sequence 
depicting the 
progressive opening of 
an angle. 

7.26.   The progressive 
enlargement of a 
square. 
 
 
 
7.27.   Affine 
transformation of a 
square into a 
rhomboid. 
 
 
7.28.   Progressive 
erosion of a square. 
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Second Exercise 

Consider now a kind of event involving the relative linear displacement of two 

objects. The perceptual interpretation of the corresponding visual trans-

formation is ambiguous, as I will exemplify below. Nonetheless, the corre-

sponding perceptual interpretation is often unequivocal. This suggests that the 

intepretation is constrained by cognitive biases and assumptions. The effect of 

such biases is conditional on the presence of certain prerequisites, however, as 

the following exercise will clarify. Take two geometric patterns. Using these 

patterns, construct first some sequences that represent the displacement over 

time of one of them. Possible solutions may be divided based on the initial 

spatial relationship between the two patterns. 

1. Enclosure 

If the two figures have different dimensions and one contains or encloses the 

other (see Figure 7.29), one tends to see motion in the enclosed figure. This 

interpretation is only one of infinite possible alternatives, corresponding to 

different ways of partitioning the relative motion of the two figures. One could 

see motion of the enclosed figure relative to a stationary enclosing figure, or 

motion of the enclosing figure relative to a stationary enclosed one, or motion 

of both decomposed in any way one wishes. Yet the perceptual system is 

strongly biased toward an interpretation that assumes stability of the enclosing 

figure and motion of the enclosed one. This bias is strongly reminiscent of a 

phenomenon known as induced movement. Duncker (22) showed that if a small 

circle is presented inside a larger frame and both are showed in an otherwise 

featureless field, when the frame is moved at slow speeds, one sees motion of 

the surrounded circle while the frame appears stationary. In the absence of more 

information, the system takes the larger figure as a stationary frame of reference 

for the motion of the smaller figure. 

2. Different positions without enclosure 

If two patterns having identical shape and size are displaced horizontally 

(Figure 7.30) or vertically (Figure 7.31) in opposite directions, two possible 

perceptual interpretations can take place: either one perceives one of the 

patterns as moving and the other as stationary, or one sees both moving in 

opposition. Contrary to the previous example, in this case there is no difference 

between the patterns that exchange positions. Therefore, neither tends to 

become a frame of reference for the other, and when scanning the sequences of 

Figures 7.30 and 7.31 from left to right, one can see either square moving or 

both moving. 

3. Different structures without enclosure 

Suppose that two patterns are different in some structural property. Depending 

on the nature of this difference, one of the patterns may take the role of a 

stationary frame of reference for the motion of the other pattern. For instance, if 

the patterns have the same shape but different sizes, the larger one will typically 

be interpreted as the stationary one (Figure 7.32). I suspect also that, in general, 

patterns that are perceptually more stable in their expressive qualities (the 

square, for instance) tend to become the frame, whereas patterns that are less 

stable (the circle) tend to be interpreted as moving (Figure 7.33). The greater 

stability of the square may be explained by the fact that a square, when its sides 

are horizontal and vertical, appears as a structure that lies on the ground and 

therefore is more difficult to move. 
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7.29.   The enclosed 
figure is interpreted as 
moving. 

7.30.   A sequence of 
pairs of squares. In 
each, one square is 
displaced horizontally 
relative to the other. 

7.31.   The same 
sequence as in Figure 
7.30 with vertical 
displacements. 

7.32.   In this sequence, 
the small square is 
interpreted as the 
moving element. 

7.33.   In this 
sequence, the circle is, 
interpreted as the 
moving element. 
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7.34.   Pairs of shapes 
establishing causal 
relationships. 

TIME AS CAUSE IN IMAGE SEQUENCES 

Consider different versions shown in Figure 7.34. At far left, I have drawn a 

circle and a vertically oriented rectangle. Next to it, I have placed the circle 

much closer to the rectangle. In the next image, the circle and the rectangle are 

tangential to each other, and the rectangle has been subjected to a 5° rotation 

relative to the vertical. Next, the rectangle has been subjected to 15° rotation. 

When looking at this sequence of images, one spontaneously perceives a 

circular object that, rolling on the ground, comes close to a rectangle, hits it, 

alters its balance, and makes it topple. What one perceives is, in other words, a 

relationship of cause and effect that evolves over time. The two protagonists of 

the event take on different expressive roles, one active and the other passive. 

Michotte and the Phenomenal Causality 

Historically, psychology provided a fundamental contribution to the study of 

causality perception through the contributions of Belgian psychologist Michotte 

(23). By investigating the stimulus conditions that give rise to causality 

interpretations, he came to the conclusion that physical motion is a necessary 

condition for the perception of causality. However, the study of graphics may 

provide evidence that this conclusion is too restrictive. Causality can be 

perceived in sequences of static images, even if there is no actual movement. 

Sequences such as those in Figures 7.34 and 7.35 can be experienced as 

depicting causal events, just as they are experienced as depicting motion. Thus, 

to the extent that experienced causality seems to depend on the potentiality to 

engender a motion interpretation, we may hypothesize that the necessary 

condition for causality is not physical motion, but experienced or phenomenal 

motion. If this hypothesis is correct, then even a single image may engender a 

causality interpretation, as long as it contains clues to a transformation that can 

be taken as evidence of a past cause having produced the present image of the 

object. 

Motion is a necessary condition for objects and animate beings to come in 

contact and interact with each other. Static objects cannot come in contact with 

each other and therefore cannot cause mutual modifications. Thus, such 

modifications are consequences of events that necessarily entail movement. 

Depending on the characteristics of object movements in a scene, we may see 

events of different kinds. To see an event does not always mean to be able to 

report the kinematic transformations of objects relative to spatial coordinates. 

Often, events are perceived as meaningful changes, rich 

7.35. In this sequence, 
the circle falls down and 
breaks the rectangle. 

Chapter 7: Seeing and Showing Time   205 

 

 



in expressive qualities that movements unveil. Michotte (24) demonstrated that 

coercive causal relationships can be perceived even between abstract, 

unfamiliar forms. For instance, in a demonstration dubbed the "launching" 

effect, a black square and a red square were the protagonists of the following 

event. At the beginning, the black square approaches the red square, which does 

not move. As soon as the black square touches the red square, the latter begins 

to move, continuing along the same trajectory that the black square followed. 

The red square continues to move for some time and then stops. The event is 

spontaneously intepreted as a causal event, that is, the black square pushed or 

launched the red one. Michotte was impressed by the frequency of observer 

reports containing intentional and emotive descriptors, such as "the black square 

joins the red square, they have an argument, and the red square leaves on its 

own," "the black square chases the red square," or even "the black square visits 

the red square, and then they leave together. Reports such as these led Michotte 

to the conclusion that kinematic information is critical to the way we interpret 

the emotional states and the intentional actions of our conspecifics. 

Whenever we witness movement, even consisting of interactions of simple 

geometric figures, we typically see the actors taking different and well-defined 

roles. These role include not only physical functions, such as active versus 

passive or subject versus object, but also their moral character, such as good 

versus evil, and their intentions, such as kind versus violent or submissive 

versus aggressive (25). The strong cognitive bias toward causal interpretations 

of events may be the reason early scientific explanations of causal relationships 

were often cast in terms of collisions, attractions, and pulls. These notions 

fundamentally influenced our understanding of causality (26). But we may also 

invert the chain of explanation and note that cognitive constraints on the 

perception of causality undermined early attempts at understanding physics. 

Early science worked under the assumption that reality coincided with its 

appearance, and its appearance, as demonstrated by psychologists, is 

spontaneously one of causal relationships. Not surprisingly, it took a long time 

to develop the physics of quantum mechanics, in which relationships of cause 

and effect are not respected. 

Cause Without Motion 

In the sequences discussed in the previous sections, the temporal dimension 

could be experienced through the series of images, but not in any of the single 

images. Instead, in a sequence depicting a causal exchange, even a single image 

may contain hints at its temporal position. Consider, for instance, the third 

image of the sequence in Figure 7.35. Most people readily interpret this scene 

as depicting a sphere that has broken an underlying surface. This interpretation 

entails seeing a broken surface, but also seeing that at a previous point in time, 

the surface was unbroken. Thus, the image shows not only the present state of 

affairs but also a previous situation. And this double awareness is doubly 

perceptual, not just a composite experience consisting of a visual experience 

coupled with a logical inference. The double percept of the "know" and the 

"before" necessarily implies time. 

In collaboration with Paolo Bonaiuto (27), I have investigated a number of 

configurations that produce a spontaneous causality interpretation using abstract 

outline shapes. Additionally, we have been able to find a number of works by 

painters and drawers depicting causality relationships of different kinds. For 

instance, the two patterns of Figure 7.36 are perceived by most 
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7.36.   Two 
representations of 
causal relationships: 
texture deformed by a 
diamond and texture 
deformed by a rectangle. 

observers as the outcome of a causal event that has taken place sometime in the 

immediate past. In the upper figure, the rhomboid is seen as the agent 

responsible for deforming the texture of vertical lines. In the lower figure, the 

vertical rectangle weighs on the lines and squashes them. 

Our analysis has demonstrated that it is not necessary to witness the full 

temporal unfolding of an event to have the impression of causality relationships, 

just as it is unnecessary to see a sequence of images to have an impression of 

temporal flow. In many cases, just by looking at the immediately visible, one 

can become aware of a "before" that consisted of a different state of affairs. In 

well-chosen conditions, it is sufficient to show effects (the consequences of an 

action) for observers to experience a causal event that those consequences have 

produced. For this to happen, it is not necessary that the causal event actually 

took place. We all know that the lines in Figure 7.36 have not been deformed by 

the other shape. They simply were drawn in that way by the illustrator. 

Nonetheless, the impression of causality is imposing, independent of what we 

know about the image. This is clearly one of the reasons why comic strips are so 

efficient and engaging in representing actions. In Figure 7.37, we immediately 

see that the Phantom is breaking through a door, but we know that the door 

simply was drawn in that way and that nobody has actually broken an object. 

But what is the stimulus that determines the perception of causality in a 

static image? As I have noted in this chapter, the perception of causality in a 

single image seems rooted in a cognitive process that links the situation 

represented in an image to a previous state in a causal chain. Stated in this way, 

however, this is simply a redescription of the causal experience engendered by 

the image. Any state is part of a history that begins with some initial condition. 

Why should only some of these become integrated in the actual perception of 

the image as the "cause" for what one is witnessing? In our research, my 

colleagues and I have been able to demonstrate that the impression of causality 

tends to surface when a homogeneous structure contains some discontinuity in a 

limited part of the overall structure. Note that homogeneity does not imply 

regularity. One could see a discontinuity in an irregular part of an otherwise 

regular structure or in a regular part of an otherwise irregular structure. The 

discontinuity tends to be perceived as 
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7.37.   Another 
representation of causal 
relationships: "The 
Phantom" smashes a 
door. 

the consequence of a preceding event. This event has caused a permanent 

modification to the whole, but because the modification is partial, the whole is 

still recognizable. 

Leyton's Theory 

Leyton (28) observed that in many cases, part of the recent history of an object 

is visible in its shape. In these cases, perceivers see these shapes as the outcome 

of a process that has modified an initial state (usually more symmetrical and 

regular) to arrive at the present aspect of the object. The patterns depicted in 

Figure 7.38 serve as examples. Although I find Leyton's contribution original 

and fertile with theoretical and experimental implications, I also have the 

impression that his approach is limited by excessive rigidity. To substantiate my 

claim, I will first list the main components of Leyton's theory and then discuss 

some graphic counter-examples. 

7.38.   Two irregular 
shapes that are not 
consistent with Leyton's 
principles. (Author's 
modifications) 
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Leyton's theory may be summarized by the following points: 

The shape of an object tells us something about its history. The shape 

provides clues to the processes that caused it to appear the way it appears. "A 

shape is simply a single state, a frozen moment, a step outside the flow of 

time; and yet we are able to use this as a window into the past" (29). Shape is 

a source of information about time. Hence, "shape is time." 

It is possible to recover the process that generated the shape only if this 

process leaves a "memory"; examples of such processes abound: scars on the 

surface of the moon, chips on vases, graffiti on subway trains, etc." (30). 

Most important, "a single abstract property characterizes all perceptual 

situations of memory: asymmetry is the memory that processes leave on 

objects." From this, it follows that: "symmetry is the absence of process-

memory." Leyton calls these tenets the asymmetry and the symmetry 

principles (31). 

"The asymmetry is a memory of the process that created the asymmetry.... 

Asymmetry principle. An asymmetry in the present is understood as having 

originated from a past symmetry" (32). "A symmetry in the present is not a 

memory of anything other than itself." Symmetry principle. A symmetry in 

the present is understood as having always existed (33). 

From the two principles, it follows that a "process moves from 

symmetry to asymmetry but not vice versa" (34). 

Thus, Leyton suggests that breaking symmetry is the fundamental vehicle 

for conveying temporal information through images. This claim, however, 

appears to need revising. First, in Leyton's symmetry principle, all kinds of 

asymmetry are equally efficient as clues to the history of the object. This clearly 

is not the case. The pattern at left Figure 7.38, for instance, should appear as the 

deformation of a strongly symmetrical quadrilateral but does not, whereas it 

does appear so at right, which is equally asymmetrical but is easily perceived as 

a square with a part previously cut out. This suggests that asymmetry is not 

sufficient nor is it necessary for conveying the impression of an object's past. In 

my opinion, the weakness of Leyton's symmetry principle is its emphasis on 

symmetry as an absolute stimulus property. The phenomena under consideration 

are relational in nature. Most likely, we need a relational stimulus property to 

account for them. If I am correct, then the critical feature is not asymmetry per 

se, but the fact that the asymmetry is a discontinuity relative to an otherwise 

symmetrical structure. More generally, one could speak of a trade-off between 

regularity and irregularity in the comparison between local parts of a pattern and 

its global structure. This approach demands that our phenomenon should be 

possible also in a globally asymmetrical structure possessing a local symmetry. 

In this case, the discontinuity should be interpreted as due to a process that 

created order. Consider collecting pebbles on the beach. The shapes that are 

most attractive are the regular, well-formed ones. They are the discontinuity in a 

globally irregular set. Their regularity opens up a window on an irregular past. 

We have a similar experience when we perform the useful exercise that 

Leonardo Da Vinci recommended to all painters: looking at the clouds to 

discern in them shapes of actual objects. Lucretius, well before 
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7.39.   Michelangelo 
Buonarroti, Slaves. The 
bodies appear to emerge 
from amorphous matter. 
In F. Hartt, 
Michelangelo, la 
scultura, Garzanti 1972. 
By concession of N. 
Abrams, Inc., New 
York. 

Leonardo, described the experience in this way (35): 

ut nubes facile interdum concrescere in alto 

cernimus et mundi speciem violate serenam, aera 

mulcentes motu; nam saepe Gigantum ora volare 

videntur et umbram ducere late, 

interdum magni montes avolsaque saxa 

montibus anteire et solem succedere praeter, 

inde alios trahere atque inducere belua nimbos, 

nee speciem mutare suam liquentia cessant 

et cuiusque modi formarum vertere in oras 

(Lucretius, De rerum natura, IV, vv. 131-140) 

The temporary regularity of the clouds bears signs of a process that began 

as an irregular one and evolved into regularity and symmetry over time. Yet 

another case of regularity informing the viewer about past irregularity are the 

sculptures that Michelangelo Buonarroti left unfinished, creating an effect of 

human shapes emerging from shapeless matter (Figure 7.39). 

Our perceptual system is equipped to register events as they unfold, but 

also to detect the signs of past events through observation of the shapes of 

things. Our relationship with outside reality is ambivalent. On one hand, we 

have a clear experience of permanence; everything is out there and always has 

been. On the other hand, everything is also continuously mutable, in the sense 

that what we see here and now appears as the result of a long chains of causal 

events, which eventually led to the present observable state. Leyton claimed that 

the critical information in conveying the sense of past 
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7.40.   Two examples 
that are not consistent 
with Leyton's theory: 
top, an action has 
regularized a globally 
irregular structure; 
bottom, an action has 
caused a globally 
regular structure to 
become irregular. 

causes is the rupture of symmetry. In the position defended here, the critical 

information is more general and is conveyed by a dishomogeneity in the 

characteristics of a part relative to a whole. For instance, the top of Figure 7.40 

is interpreted as depicting the consequence of an event that partially 

straightened a figure that was previously jumbled and asymmetrical and that 

therefore was previously even more asymmetrical than it is presently. The 

bottom of Figure 7.40, conversely, appears as the consequence of an event that 

has deformed a pattern that was previously symmetrical. 

TIME IN PSYCHOLOGY AND GRAPHICS 

When we want to define the temporal coordinates of the objects around us, we 

are capable of using a wide range of adjectives with a good degree of precision. 

What kind of information is used to decide which adjectives are appropriate? 

And how do we pick it up and process it? We do not possess a sensory organ 

specifically devoted to the perception of time, and there is no specific energetic 

medium that carries only temporal information. Yet time is so pervasive in 

human experience that almost any sensory stimulation inevitably conveys some 

kind of temporal information. Thus, when we say that something is young, old, 

new, ancient, recent, contemporary, past, secondhand, restored, transformed, 

renewed, redone, destroyed, decaying, refurbished, decrepit, and so on, we are 

in fact producing judgments that pertain to the temporal dimension of that thing. 

One could ask, therefore, what are the visual cues that form the basis for such 

judgments about the temporal position of things? Such users must be mediated 

by other sensory modalities, and in particular by vision. To isolate some 

potential visual cues for time, my colleagues and I (36) asked observers to order 

a set of randomly presented images temporally. The spatial structure of these 

images was varied under the hypothesis that the arrow of time proceeds from 

ordered to disordered states of matter (the physical concept of entropy). 

Positive entropy processes proceed always from order to disorder. For this 

reason, it is natural to hypothesize that the signs time leaves on objects should 

be intrinsically disordered and random. Preliminary observation of different 

patterns easily confirms that, when we notice disordered features in an 

otherwise regular structure, we tend to interpret the amount of disorder as a 

measure of time. The reason for the tendency to disorder stems directly from the 

overall structure of the universe: "To the extent that chance is operating, 
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7.41.   A sequence of 
the order-disorder 
polarity. 

7.42.   A sequence of 
the regeneration-
destruction polarity. 

7.43.   A sequence of 
the growth-reduction 
polarity. 

7.44.   Regenerative 
growth-destructive 
reduction. 

7.45.   A sequence of 
the formation-
deformation polarity. 
 
 
 
 
 
 
7.46.   A sequence of 
the action/reaction 
polarity. 
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it is likely that a closed system that has some order will move toward disorder, 

which offers so many more possibilities"(37). Thus, there is a much higher 

chance for an older object to have been subjected to accidental interactions with 

other objects, leaving disordered signs on its parts. Perhaps it is not too daring 

to hypothesize that our cognitive system developed during our phylogenesis to 

use certain features of disorder as information concerning time. 

According to these ideas, we conducted an experiment in which the stim-

ulus materials consisted of several series of paper pictures, each representing 

progressive modifications of simple shapes such as a square. Sequences were 

divided in six different groups according to the type of modification applied. 

Modifications in turn were labeled in accordance with the direction of the 

possible ordering of the sequence, defined by pairs of polarities. The directions 

were the following: order ↔ disorder (Figure 7.41), regeneration ↔ destruction 

(Figure 7.42), growth ↔ reduction (Figure 7.43), regenerative growth ↔ 

destructive reduction (Figure 7.44), formation ↔ deformation (Figure 7.45), 

action ↔ reaction (Figure 7.46). The double arrow is meant to signify that the 

ordering of the sequence can be performed starting from either polarity. The 

subjects were presented with the pictures of any series in a random disposition. 

The subjects' task was to order in a sequence each series of pictures, taking into 

account the temporal sequence. Observers could fulfill the task by starting with 

the "grown" figure and step back to the "reduced" figure or vice versa. 

From a purely logical viewpoint, all series of images could have been 

ordered sequentially in either direction. Our hypothesis, however, was that one 

of the directions would have been used more readily. If this were true, 

7.47.   Breugel the 
Eldest, Triumph of 
Time, 1574. In Vizi, 
virtù e follia nell'opera 
grafica di Breugel il 
Vecchio, by G. Vallesio 
(Ed.), 1979, Milano: 
Mazzotta Editore. 

 

Chapter 7: Seeing and Showing Time   213 



De Vries, Rovina, 1600. 

In Brion ed. Quattro 

secoli di surrealismo, 

Milano Libri, 1973. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

then the kind of direction that is preferred may provide clues to our biases in 

interpreting images as bearing the sign of a temporal transformation. Our results 

have demonstrated that for some sequences, statistically more observers chose a 

single ordering direction. This was toward disorder, destruction, or deformation for 

Figures 7.43, 7.45, and 7.46 and toward growth for Figures 7.43 and 7.44. A possible 

interpretation of these results is that temporal sequencing is in accord with entropy, 

but that we also assume that some processes can have negative entropy. Some 

negative entropy processes can indeed occur in nature; the birth and growth of 

animals and plants are an example. The stimulus feature that seems to be related to 

this choice are more localized breaks of order in the image and a stable rate of 

change along the sequence (see figures). 

On the basis of the present evidence, the hypothesis that the interpretation of 

visual signs as temporal cues is based on an entropy assumption remains a 

speculation. In conclusion to my discussion, I want to go back an initial topic in this 

chapter, the allegorical representation of time. Old Man Time, in many of his 

depictions, is surrounded by representations of the destructive effects power (Figure 

7.47, Figure 7.48). These effects include disorder, destruction, falls, and breakage of 

objects, even those that are dear and precious. Interestingly, these are the same 

figural aspects that have been examined by our experiment described above. In the 

history of art, a related finding can be mentioned in the domain of expressive 

choices. As is widely known, Romantic gardens were always peppered with false 

ruins. The Romantic soul, while recovering the heroism of its past, wanted also to 

mourn its loss. A ruin, even if fake or perhaps precisely because it was offered a 

perfect way to serve this double function—hence, the many Romantic 

representations of castles, temples, and cathedrals, wrecked and half destroyed, 

witnessing of their veritable antiquity. In short, even if the experimental evidence is 

still scant, we can find evidence to support our hypothesis in an additional set of data 

provided by Romantic architects and those who enjoyed their work. 
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CHAPTER 8 

GRAPHICS AND PERCEPTION 

rawings are an efficient product for communicating information, 

because their creators and their viewers share the same mechanisms 

for primary visual processing. Because of the action of these mecha-

nisms, different graphic elements can be perceived and interpreted as objects, 

edges, or textures, as I have shown in the previous chapters. The perception 

of graphic elements does have some specific features, however. These differ-

entiate the perception of graphics from ordinary perception. When I observe 

the pen I hold in my hand, the tree outside my window, or any other object, I 

am simply aware of seeing a pen, a tree, and so forth. But when I see ink 

marks on paper, I can be aware that they are ink marks while at the same 

time seeing them as representing an object. The specificity of graphic com-

munication exists in this fundamental honesty. Although the world depicted 

is fictional, the creator of the drawing is not trying to deceive the viewer, nor 

does the viewer feel deceived. 

In graphic communication, an artist first collects some information and 

then transcribes it into graphic form. The transcription entails a modification 

and an integration aimed at achieving the most suitable graphic solutions. A 

viewer thus receives information that has already been filtered by the percep-

tion and knowledge of the artist, who actively tries to activate appropriate 

segments of the viewer's perceptual mechanisms. For this reason, it can be 

concluded that any drawing contains not only data but also, implicitly, a key 

for extracting from the data information about procedures used to create the 

image. Because they occupy an intermediate position between two perceptual 

processes, drawings can be a tool for understanding how these processes can 

exchange information. When these two processes are activated in the same 

person, drawings can be used to unveil and investigate some critical features 

of perceptual activity. If, up to this point, perceptual theory has served us in 

understanding drawings, now the time has come for drawings to pay us back 

and serve us in understanding perception. 

In my opinion, the most productive way to learn about perception 

through drawings is to go beyond the mere observation of works produced by 

others and immerse oneself in the drawing activity itself. This activity 
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8.1.   Three doodles. 

 

8.2.   A triangle and a 
circle added to the 
doodles. 

must be rich and continuous, independent of the ability that nature has given us. 

If one does not try to draw often and with attention to potential effects, drawing 

cannot become a useful tool to investigate perceptual activities. And because 

investigations often present many problems and few solutions, it helps to have 

fun while drawing. Of course, I am not thinking here of works of artistic or 

aesthetic value. It will suffice to create drawings that allow us to manipulate 

visual input systematically and witness the phenomenal result. Thus, by 

drawing one can consider the various stages of perceptual activity and pair 

conceptual thinking with visual thinking. In this and the next two chapters of 

this book, I will present these exercises as "graphic meditations." In each of 

these, a perceptual problem will be investigated through graphics. 

HAVING FUN WITH THE GENESIS OF BIRDS 

In this first exercise, I hope first to make my readers have fun with their pencils 

and drawing sheets. Only at the very end will introduce some perceptual 

problems of some importance. The exercise is presented best in the style of 

cooking recipe. 

Ingredients 

1. Three doodles drawn on a sheet of paper. These can by drawn by yourself or 

by someone else. It is important that they be very different from each other, 

have a curvilinear trend, and that they consist of closed forms. Figure 8.1 

presents some examples. These of course are just some possibilities from an 

infinite set. You need not try to imitate them. 

2. A very small triangle drawn on another sheet of paper (assuming normal 

viewing distance, the sides should not exceed 0.5 cm). The triangle can be 

equilateral or isosceles. 

Preparation 

Take the picture of the triangle and draw a small circle next to one of the 

identical sides (if isosceles) or to any side (if equilateral). Draw the circle at a 

distance approximately equal to 2 times the side of the triangle and make sure 

that the area of the circle is approximately the same as that of the square. To 

have an idea of what you should do, look at Figure 8.2. Again, you don't need to 

imitate this, which is only one of many possibilities, but strive to preserve the 

relationship between position and distance in the circle-triangle pattern. Now 

take the sheet with the doodles and incorporate the circle-triangle pattern. Do 

this so that the triangle is external and the circle is internal to the outer border of 

the doodle. Additionally, make sure that 
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8.3.   Three birds. 

 

the basis of the triangle coincides with the continuous portion of the outer 

border. By continuous, I mean a portion that has no intersection of lines. Repeat 

for the other two doodles. Observe the result. 

Surprised? The recipe has created three birds (see Figure 8.3). When 

looking at these patterns, the viewer will see birds, although each has its own 

appearance different from the others. And even more surprisingly, if one 

changes the position of the circle-triangle pattern on a doodle, not only a 

different bird is seen, but also the shape of the doodle seems different (Figure 

8.4). Finally, the trick also works if one uses doodles that contain arbitrary 

straight lines and even if one further constrains the doodles to straight lines 

meeting at right angles. Figures 8.5 and 8.6 present examples, but I urge readers 

to try "cooking their own recipe." With minimal effort, we have learned how to 

represent many different kinds of bird. This is gratifying, but it also presents a 

number of problems. In encountering these problems, we must leave the domain 

of play and enter that of reasoning and speculation. In this new domain, 

problems are discussed, although not necessarily solved. The recipe creates a 

suggestive and engaging effect. We have the impression of being simply passive 

observers to an event that happens independently from us and despite our 

skepticism. It is as if the outcome is forced on us from the outside, with us 

having no power in its unfolding. This outcome, as I will try to elucidate, poses 

substantial questions in that area of perceptual research known as "visual object 

recognition." It may even create some difficulties to models aimed at 

understanding such recognition. Note that the doodle and the circle-triangle 

pattern, taken by themselves, have no meaning. These two parts, taken in 

isolation, in no way appear as parts of a bird. Yet when they are combined 

appropriately, they represent a bird. How could that be? What is the relationship 

between this set of signs and the birds that we know? To appreciate the depth of 

the problem it is useful, even if very schematically, to recall the main 

approaches advanced so far in the attempt to understand object recognition (1). 

None of these approaches can explain why we recognize the outcome of our 

"recipe" as birds. 

8.4.   Same ingredients 
but three different birds. 
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8.5.   Other birds from 
rectilinear doodles. 

Templates 

According to the template-matching approach, recognition results from com-

paring patterns to internally represented templates. A template can be thought of 

as a blueprint or stencil that can be superimposed to a form. By trying the 

pattern on a series of different templates, a recognition system can to determine 

which template best fits the pattern. Unfortunately, this operation does not take 

us very far toward understanding human object recognition because we can 

tolerate incredibly diverse deviations from the canonical forms of objects. To 

accommodate this ability, our system would need to incorporate templates for 

all possible forms of objects, known or novel, from all possible viewpoints. 

Templates could explain the recognition 
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8.6.   More birds from 
angular doodles. 

of birds only by assuming separate blueprints for each possible combination of 

circle, triangle, and lines. This is uneconomical and unfeasible. 

Features 

Instead of analyzing shapes as a whole, feature models decompose patterns into 

constituent features. These types of models are inspired by neurophys-iological 

data on the selectivity of cells in the visual cortex (2) for features such as the 

orientation and the spatial frequency of bars. The paradigm of feature models is 

the pandemonium model (3), which performs the analysis through a hierarchical 

network of "daemons" (cells) and recognizes patterns by integrating the output 

of feature daemons at higher levels of the hierarchy. The difficulty of feature 

approaches lies in the definition of features. It has proved exceedingly difficult 

to find the right level for feature definition (local or global) and to construct 

definitions that can tolerate noise or partial information in the input, such as is 

typical of natural images and of the bird figures that we have arbitrarily 

constructed. 

Structural Descriptions 

A structural description consists of a set of symbols that captures structural 

properties of a pattern. From the point of view of recognition, such description 

overcomes the difficulties of features because they capture basic spatial 

relationships and are relatively less affected by local anomalies. In addition, to 

some extent structural descriptions are invariant to changes in 
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8.7.   Marr & Nishiara, 
a catalog of generalized 
cones. From Visual 
Cognition, 1989, by 
Humphreys & Bruce, 
Hillsdale, NJ: Erlbaum. 

viewpoint. As long as basic spatial relationships are always the same in any bird 

figure, structural descriptions should return the same output. Therefore, this 

approach can explain why we see birds in our patterns, but not why each bird is 

different from all the others. 

Generalized Cones 

Marr and Nishiara proposed that the description of three-dimensional forms be 

performed in parallel at different levels of detail. In this approach, higher levels 

of description capture similarities between forms that differ only in local details. 

Local differences are captured by lower level descriptions. An example of 

higher level property is the main axis of symmetry of a shape. Marr & Nishiara 

(4) showed that a number of objects can be described by a set of "generalized 

cones" relative to the axis of symmetry. Generalized cones are a set of sections, 

of equal form but variable size, that are orthogonal to an axis of symmetry of 

the object or of a part of the object. The hierarchy of axes and generalized cones 

describes the whole object, and recognition is based on comparing the 

description of the input object with an internal model (Figure 8.7). Because 

Marr and Nishiara's model is essentially a formalization of the structural 

description approach, it suffers from the same difficulties as the former. 

Biederman (5) has proposed a theory of the visual recognition of complex 

objects. Similarly to that of Marr and Nishiara, his theory represents objects by 

a hierarchy of simple form primitives, which Biederman calls "geons." Geons 

are simple shapes such as cones, cylinders, and so on; are a small set; and 

possess defining characteristics that are always available in their two-

dimensional projections. The representation of a known object is a structural 

model of the object's component geons. Even geons, however, cannot explain 

our demonstration of bird recognition because none of Biederman's geons 

resembles a doodle or a circle-triangle pattern. Some other way of representing 

shapes must be at work in our demonstration. The common element in all the 

bird figures that one could produce with doodles is the circle-triangle pattern. 

But why does this element have such a powerful 
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organizing effect? This is an important question, but for now I am unable to 

provide an answer. I can only speculate that it has something to do with spatial 

relationships between the pattern and the doodle. You may recall that the circle-

triangle pattern must be placed in specific positions relative to the outer contour 

of the doodle. This spatial relationship is an invariant of the pattern-doodle 

configurations and may play an important role in producing the bird 

interpretation. As far as perceptual interpretations are concerned, however, the 

outcome is not just a generic bird, a concept, but a well-specified, individual 

bird. Again, the position of the circle-triangle pattern seems to be critical for 

this, determining the overall shape of the bird body and its orientation. Varying 

the position of the circle-triangle pattern, therefore, we do not change the 

"what" of the figure, but the "who" and the "where" of the depicted object. 

My readers may recall (from chapter 3) that simple spatial relationships 

between graphic elements govern the interpretation of patterns as representing a 

face and of constituent elements such as eyes, nose, and mouth. I argued that 

the overall form of the pattern that contains the elements serves an expressive, 

not an organizational, function. Changing the outer shape of the pattern changes 

the personality, or mood of the face, but it is still a face. One could argue, quite 

appropriately, that faces have such an important cognitive and emotional 

meaning for our relational lives that evolution has endowed us with a dedicated 

processing subroutine specializing in face recognition. Indeed, 

neurophysiological experiments on the properties of the inferotemporal cortex 

of monkeys have revealed neurons that appear to respond selectively for 

monkey faces but not to comparable stimuli (6). But birds certainly do not have 

similar importance for us in our evolution. Why do they seem to work in the 

same way? 

DRAWING A HOLE 

The graphic exercise discussed in the previous section illustrates the many 

problems one encounters when trying to establish general rules for the complex 

processes that have to do with object recognition. Uttal observed that 

slight changes in procedure, stimulus material, or methodology often produces 

dramatic changes in the rules of perception. One implication of this generalization is 

that the perceptual system must now be thought of as operating in a highly active 

way on any stimulus input rather than in a highly passive and automatic manner. 

(7) 

Uttal called this the "Rule of Multiple Rules," and I agree with his 

observation. 

An interesting exercise illustrating how small changes can have dramatic 

perceptual consequences is the problem of drawing a hole on a surface. In 

considering problem, I ask you to take a phenomenological approach. By this, I 

mean that the critical data to be evaluated are your own perceptual experience, 

taken as a valid sample of the potential experiences any observer could have. 

With this regard, Uttal wrote: 

We are going to have to accept the primacy of the phenomena in any controversy 

between different points of view or theories in perceptual science. That is, the final 

arbiter of any explanatory disagreement or controversy must be some behavioral 

measurement of the perceptual experience. 
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8.8.   A rectangle inside a 
larger rectangle. 

 

8.9.   Two separate 
shapes. 

8.10.    The same two 
shapes as seen in Figure 8-
9, juxtaposed. 

 

Neurophysiology, mathematics, computational convenience, parsimony, and even 

some kind of simplistic plausibility are all secondary and incomplete criteria for 

resolving such disputes. (8) 

When you draw a closed form inside a larger outline, the typical perceptual 

outcome is that of a smaller object on top of a larger one that surrounds it. For 

instance, in Figure 8.8, you see a smaller convex polygon on top of a larger one. 

As Rubin (9) and Koffka (10) noted, the area corresponding to the smaller 

enclosed form exists twice in our experience, once as part of the visible 

overlying figure and again as part of the underlying surface that nonetheless 

continues behind the smaller figure. It is difficult to produce the impression that 

the smaller figure is a hole. If we juxtapose the two forms of Figure 8.9 to 

produce Figure 8.10, a metamorphosis takes place. Figure 8.10 is not perceived 

as the simple sum of the two parts in Figure 8.9; it is something else. And the 

central diamond is not a hole, but a surface in front of a larger rectangle. 

An example of this basic property of perception are architectural drawings 

of buildings. The windows and doors drawn on the walls of buildings appear as 

opaque, solid surfaces placed on equally solid walls. If we remove their 

conventional meaning for architects and builders, therefore, these doors and 

windows appear as rectangular surfaces placed on other surfaces, not as 

apertures. This perceptual result is visible in Figure 8.11, in which both the 

columns and the windows indeed appear as rectangles overlying the background 

surface. Given the constraints of figure-ground stratification, a serious drawing 

problem is to produce the impression of a hole in a surface. In some cases, this 

problem can be overcome by introducing cues to the three-dimensional 

structure of the surface, such as those presented in Figure 8.12. In using equal-

depth curves to signify different levels of convexity and concavity on objects or 

terrain, designers and mapmakers use essentially the same technique. Usually, 

in this kind of image, included forms are smaller and indicate the closer parts of 

the object. 

For instance, in the photogrammetrical relief of one of a horse from St. 

Mark's Cathedral in Venice (Figure 8.13), this superimposition effect is clearly 

visible, with the depth effect enhanced by drawing more curves where there are 

larger depth differences. Graphic representations such as these work well 

because the depicted surfaces are typically convex. To represent convex 

surfaces having the same three-dimensional form, one has to use the same 

curves, adding a negative sign next to them. But the negative signs can only 

inform us that the depth must be interpreted as receding from us, they cannot 

force us to see convexities where we actually see concavities. Thus, the problem 

of representing a hole should not be confused with the problem of representing 

depth. I hope my readers will not feel that meditating about the perception of 

holes is a frivolous exercise. Recently, a philosophical treatment of holes and 

related oddities (11) has received a well-deserved attention. In this work, holes 

are the object of rigorous analysis at the ontological, epistemological, and 

cognitive level. Holes are not objects, but they need an object to come into 

existence. In the chapter on the perception of holes, Casati and Varzi wrote: "in 

the presence of certain visual patterns, people have the impression of perceiving 

a hole, and they react accordingly (even if there is in fact no hole). How does 

this impression arise? Which patterns are naturally taken as indicating the 

presence of a hole in our environment?" (12) This is the issue taken up by the 

following exercise. 
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Problem 

Given an outline plane figure, determine how one must draw another outline 

figure such that (a) the second outline is completely enclosed in the first and (b) 

the second outline does not appear as a surface in front of the first surface, but 

as a hole through the first surface. The problem can be approached in many 

different ways. Here I illustrate seven possibilities. 

Concavity of the enclosed form. According to Arnheim (13) convexity usually 

tends to be associated with a figure, whereas concavity tends to be associated 

with the background. Starting from the observations of Rubin on figure-ground 

segregation, Arnheim analyzed forms such as those in Figure 8.14. In Figure 

8.14a, one tends to see a hole in a surface, whereas in Figure 8.14b one tends to 

see a stain. Both are closed forms, and for this reason they should tend to appear 

as the figure, but "the phenomenon varies somewhat, depending on what part of 

the pattern holds the observer's attention. If he looks at the bulges, a will be 

more clearly a hole, and b a solid patch on top of the ground. The opposite 

effect is usual when he fixates the pointed angles between the bulges, because 

their narrowness makes for figure character" (14). Thus, Arnheim observed that 

inversions are possible in figure-ground segregation though the intervention of 

attentional focus. This is a cognitive effect on the outcome of primary 

perceptual processes, and this effect creates multistability of the perceptual 

solutions. 

Let us consider what sort of perceptual consequences concavity and 

convexity can have. A plane figure is defined as concave when it presents at 

least a concave angle, whereas it is defined as convex only when all its angles 

are convex. Therefore, convexity is all-or-nothing; either a figure is convex or it 

is not. Concavity, on the other hand, is always associated with convexity. A 

closed plane figure having only concave angles cannot exist. There must be at 

least one convex angle, and there can be more. In fact, the number of convex 

angles can be as large as the number of concave angles. This constraints stems 

directly from the fact that the figure must be closed. If the number of concave 

angles exceeds that of the convex angles, the figure cannot close (Figure 8.15). 

Therefore, a figure can be concave to different degrees, whereas convexity is 

limited to a single possibility: All the angles are convex. From this, It follows 

that concave patterns, because they can be concave to different degrees, lead 

more easily to ambiguity. Therefore, 

8.11.   A. Palladia, 
facade of the Chiericati 
Palace. In I quattro libri 
dell'Architettura, 1976, 
by Palladia Andrea, 
Milano: Hoepli. 
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8.12.   Representing a 
bole by adding depth 
cues to the central 
rectangle. 

concavities tend to appear more easily as backgrounds or holes (Rubin's 

principle), but concavities are also generally more ambiguous. In his analysis of 

the "magical banisters" in Figure 8.16, Arnheim noted that the figure-ground 

stratification of the pattern is unstable, although "for most people the convex 

columns are more often seen as figure" (p. 223). Note, however, that Figure 

8.16 does not contain convex columns, only more or less concave columns. It is 

not surprising, therefore, that the configuration is unstable. 

One could try to make a convex and regular form look like a hole by 

exploiting the properties of concavities in a different way. One could try to give 

concave form to the contour of the enclosing figure instead of the enclosed one. 

Regular concavities in the contour of the enclosing figure could possibly make 

the enclosed figure look like a hole if they had certain structural relationships 

with the contour of the enclosed form, such as continuity of direction. In this 

case, the hole solution may result for reasons of organizational economy. In 

Figure 8.17, I have presented some tests of this possibility, none of which 

supports it completely. In a, the central square can be seen both as figure and as 

hole. The latter solution seems to be a bit more strong if the black outline is 

removed (Figure 8.17b). In 8.17c, the outline of the figure is the same as in 

8.17a, but the outcome is dramatically different. Figure 8.17c does not appear as 

a unitary structure, but as the juxtaposition 

 
8.13. 

Photogrammetrical 
relief of one of St. 
Mark's horses in Venice, 
Catalog of the Exhibit, 
Procuratoria di S. 
Marco, Venezia. 
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of four crosses that define a square space in the middle. Even in this case, 

however, it is possible to see the square as figure. If the crosses are altered so 

that they touch only at one point (Figure 8.17d,e), the central square alternates 

between the figure and the hole solutions, depending on the position of the 

viewer's focal attention. 

Finally, it could be argued that the squares of Figure 8.17, even if they 

looked like empty spaces, would not really look like holes. A hole is something 

that results from subtracting material from a unitary structure; it is not simply 

an empty part of space defined from the juxtaposition of other objects. In 

conclusion, it is perhaps better to go back to architecture and its suggestions, 

even if these do not provide clear answers. I do so by presenting one of the few 

cases of wall apertures delimited by concave forms known in Western 

architecture. This is the door of the Moissac cathedral (Figure 8.18a). As can be 

appreciated from the scheme of Figure 8.18b, the two concave forms are 

ambiguous in their depth placement. I like to think that the architect deliberately 

created such a singular perceptual effect to enhance the depth of the entrance 

into the church, thereby making it more mysterious and holy, although I know 

of no historical evidence in support of my claim. 

Familiarity. Generally, if you know an object you can recognize it more easily. 

This is what happens when one looks at the plan of a building; at a glance, we 

recognize the doors and windows as apertures. It seems likely, therefore, that 

adding familiar clues to the drawing of a hole would facilitate its recognition as 

such. An example of this effect is a drawing of a closed forms with lines added 

to suggest cracks. We have seen that there is a certain tendency to interpret 

concave figures as holes. Adding some broken lines to the vertices of a concave 

polygon, as I have done in Figure 8.19, enhances the hole interpretation. The 

broken lines seems to have an expressive power, suggesting the consequence of 

breakage. Therefore, they can look like cracks in a fragile, vitreous material. If, 

however, we use an irregular convex polygon, as in Figure 8.20a, or a regular 

polygon, as in the hexagon of Figure 8.20b, or a simpler figure as in the square 

of Figure 8.20c, the impression of seeing a hole with cracks is attenuated to the 

point of disappearing altogether. Instead of hole, these patterns look like 

surfaces with antennae jutting out from their corners. 

 

8.14.    (a) a concave 
contour is seen as the 
edge of a hole; (b) a 
convex contour is seen 
as a figure. Note. From 
Art and visual 
perception, 1954, 
Arnheim, Regents of the 
University of California. 

8.15.   A figure having 
a concave contour. The 
number of concave 
angles cannot exceed the 
number of the convex 
angles. 
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8.16.    An obvious 
case of ambiguity: the 
magic banister. Note, 
From Art and visual 
perception, 1954, 
Arnbeim, Regents of the 
University of California. 

Parallelism. When a closed configuration has parallel sides, the configuration is 

more easily interpreted as a figure in front of a background. In Figure 8.21a I 

have drawn four concentric squares. Because of the effects of proximity and 

parallelism, the contours are unified in a pairwise fashion, and appear as two 

frames that are segregated from the background. Thus, the space between the 

frames seems to belong the background, and it appears empty. The same thing 

happens to the central square defined by the inner frame, which looks like a 

hole. When the two frames have different orientations, as in Figure 8.21b, the 

segregation of the frames from the background is even stronger, and the 

impression of a central hole also becomes stronger. This seems a solution to the 

problem, but to obtain this result we have relaxed our definition of a hole and 

neglected one of the critical requirements: to draw a hole with a single outline. 

In fact, the impression of seeing a hole arises easily only if there are two frames. 

With a single frame, as in Figure 8.21c, one sees a square surface enclosed by 

and in front of a larger square. Only if the two square perimeters are very close 

does the impression of seeing an aperture return (Figure 8,21 d). But this 

solution is not generalizable; it works only if the sides are very close to each 

other. 

Cognitive drag. You may recall the notion of cognitive drag from the previous 

chapter, when I discussed comicstrips. I have used this term to mean the 

peculiar transfer of information from one image to the next in a sequence. The 

effect can be noticed in the sequence of Figure 8.22, depicting an enclosed 

square that gradually increases in size. If you scan the sequence from left to 

right, you will see a square surface in front of a larger square, and you may 

interpret this as a temporal change in dimensions of the inner square. If, 

however, you start from the right and scan leftward, and if in the first image you 

saw as an aperture, you will continue to see a hole shrinking. 

8.17.   A series of 
attempts at making a 
central square look like 
a hole. 
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8.18.   An extraordinary 
"hole" with a concave 
contour: the portal of the 
Moissac Basilique, 12th 
century. (a) photograph 
of the portal; (b) 
schematics of the 
perimeter. (Photo of the 
author) 

There is a sort of drag of the initial perceptual interpretation into the second 

image, which in turn spills over to the third, and so on. This may happen 

because the modifications are gradual and limited to the size, not the form, of 

the outlines. Therefore, the modifications tend to favor the interpretation of a 

temporal modification, forcing the conservation of the initial percept somewhat. 

But again, this solution is satisfactory only in part. We have been able to 

dispense with the double contour around the hole, but to do so we have paid the 

price of having to create a sequence. We have gained some insight on some 

interesting features of perceptual activity but have not been able to satisfy all 

the requirements of the problem. 

Spatial cues. The idea of using spatial cues to make the outline look like a hole 

is best illustrated by a classical phenomenon of the psychology of perception. 
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8.19.   By adding some 
broken lines to the 
vertices of a concave 
polygon, the experience 
of the hole 
interpretation is 
enhanced. 

Although this phenomenon, the Gelb effect, has to do with the perception 

of color and illumination, it presents some interesting analogies with the 

problem of revealing a hole. In his classic study, Gelb (16) suspended a black 

disk in the middle of an aperture between two rooms. The rooms were dimly lit, 

whereas the disk was intensely illuminated by a projector. The projector was 

oriented in a such a way as to flash its beam on a part of the field that was 

screened by the room walls. Therefore, only the disk was illuminated, whereas 

the other visible parts of the room areas were dark, yielding a much higher 

quantity of reflected light coming from the disk than from its surroundings. 

Under these conditions, the black disk appears white. If, however, a white 

surface is placed immediately behind it, or partly in front of it, immediately the 

disk takes on its true color and appears black. It is as if the white surface acted 

as a cue to the true conditions of illumination, allowing one to interpret the 

changes in intensity correctly. 

By appropriate changes, we can apply the same logic that works for color 

and illumination to our problem of figure-ground segregation. As I have noted 

several times, the central square of Figure 8.23a usually looks like a square 

surface in front of a larger square background behind it. Now suppose that we 

draw a small rectangle on the outer part of the larger square, so that one of its 

shorter sides is in common with the left side of the larger square. In addition, 

suppose we put another small rectangle inside the smaller square, also in such a 

way that it shares one of its shorter sides with the left side of the square. If the 

two rectangles are aligned, as I have done in Figure 8.23b, the outcome is 

twofold. First, the two rectangles appear as parts of a larger rectangle that 

continues behind a square frame. Second, because of this larger 

8.20.   Convex figures 
with vertices and broken 
lines. 
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8.21.   Fairs of 
concentric squares. 

underlying rectangle, the small square cannot be seen as an opaque surface. In 

fact, it does not look like any kind of surface because the central square region 

is now part of a hole that lets one see part of the background. The square has 

become a hole; its perimeter is the inner margin of a frame. 

As is always the case in perception, the perceptual solutions in this example 

that are compatible with the stimulus conditions of Figure 8.23b are 

multifarious. To list just a few, one could see the two rectangles as independent 

shapes juxtaposed to the squares; they could appear to continue behind the 

frame without forming a unified whole; the square frame could appear in front 

of a background with two rectangular cracks; or one could see all the closed 

regions as a mosaic of irregular shapes, all on the same depth plane. Although 

all these outcomes are logically possible, none of them is perceived readily. 

They can only be derived by analytical reasoning on the possible interpretations 

of the graphic signs one sees. Despite this vast set of alternative possibilities, 

the preferred perceptual result is a single rectangle, partly hidden from view by 

the large square frame. 

It is natural to ask why this should be the preferred perception. My answer 

is plausible but hypothetical. It seems to me that this outcome is a manifestation 

of a general economy principle that governs all cognitive activity. One can think 

of perceptual economy as a tendency to avoid unnecessary complications. The 

preferred perceptual outcome in Figure 8.23b is the solution that unifies the 

greatest number of regions in the visual field, while at the same time minimizes 

the number of depth layers. But a perceptual solution is not an act of divine 

intervention. According to what psychologists call the principle of stimulus 

determination, first and foremost percepts depend on stimulus conditions. We 

must therefore understand the factors that favor the preferred solution over the 

others.  In Figure 8.23b,  these factors are essentially of two kinds.  There are  

T-junctions between contours, where the squares and the rectangles meet. In 

addition, there is alignment and therefore continuity of direction between the 

longer sides of the rectangles. It is easy to verify that the small square becomes 

ambiguous if the pattern contains the T-junctions but the alignment is removed. 

Figures  8.23c and d show two such cases.  Again, because of the presence of  

T-junctions, the rectangles appear to continue behind the edge of the squares. 

The lack of alignment between their sides prevents them from becoming a 

single object, however. They appear as two independent surfaces, and in these 

conditions the impression that the center square is an aperture is attenuated. 

When the inner shape of the small 

8.22.   A square grows 
progressively inside 
another square. 
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8.23.   Cues to the 
perception of a hole in 
the central square. 

square is devoid of any relation (of form or of continuity of direction) with the 

outer shape, its interpretation as a whole is completely destroyed, and the 

pattern becomes ambiguous. 

Observing Figures 8.24a, b, and c suggests some additional considerations. 

In 8.24a, the presence of a single four-sided shape favors the interpretation of 

the small square as a hole, provided that the shape is juxtaposed to the side of 

the small square. In Figure 8.24b, a single segment inside the smaller square is 

not sufficient to induce the stable perception of a hole, but it also fails to 

stabilize the impression of an overlying square figure. In this case, the pattern is 

rendered ambiguous in a special sense. Neither the hole nor the surface 

interpretation are achieved. In Figure 8.24c, one can appreciate how the 

interpretation of the square as a hole also can be generated by two segments, if 

these are drawn appropriately to suggest interposition, i. e. collinear. Perhaps 

this the best demonstration of how very simple graphics, such as the ones we 

are discussing here, bring out the workings of the perceptual system in a special 

way. 

At this point, we can draw the following conclusion. Similar to what 

happens to surface color in the Gelb effect, perceiving drawn patterns as 

8.24.   Other cues to 
hole perception. 
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8.25.   Enclosed forms 
tend to appear in front 
of enclosing forms in (a) 
and (c). When folded, 
they repeal a central 
hole, but this is clear 
only in (b). 

depicting certain depth orderings is a matter of relationships. In the Gelb effect, 

the presence of a white surface establishes a hierarchy of color relations and 

reveals the true color of the black target. In drawings, some parts of a pattern 

can act as cues to depth by determining a hierarchy of spatial relationships, 

thereby causing a certain region to look like a hole or an opaque surface. In 

some cases, the role of cue can be served by a part of the starting configuration 

without adding another surface or segment. This happens, for instance, if the 

starting configuration is drawn to suggest folding, as in Figures 8.25a and b. In 

this case, the inner rectangle is readily seen as a hole. This is a good solution to 

our problem because we have reached it by exploiting the organizational 

function of perceptual activities. If we try to achieve the same result with a 

curvilinear patter, however, as the circle of Figure 8.25c, things do not go as 

smoothly. Note that in Figure 8.25d, if we try to make the inner circle look like 

a hole by suggesting a fold, the inner part of the figure does not appear empty. 

The reasons the solution fails in this case is a new and interesting problem that I 

consider in the next section. 

Avoiding coincidences. The effect examined above can be used to explore 

another potential solution to the problem of inducing the perception of a hole. 

Let us start from Figure 8.26, in which a narrow horizontal rectangle appears to 

partly cover a square. Again, adding a minimal graphic element transforms the 

perceptual impression completely. If a single vertical segment is inserted in the 

horizontal rectangle (Figure 8.27a), the square appears to have a deep horizontal 

cut in the middle. Concurrently, the rectangle appears on the same depth plane 

as the square, whereas in 8.26 it seemed superimposed on the square. In other 

words, the rectangle looks like a tile that fills part of a horizontal cut in the 

middle of the square. The small vertical rectangle is bordered on the right by the 

new segment, and it looks like a hole that reveals part of the background. 

 

8.26.    A thin 
horizontal rectangle 
covering a square. 
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8.27,   Through 
miminal graphic 
transformations, figure 
8.27 can resemble the 
configuration of Figure 
8.26 changes completely. 

Interestingly, the impression of seeing a hole is preserved only if the sides 

of the central figure are collinear with those of the horizontal rectangle. If we 

translate the right shape in Figure 8.27b until points R and S coincide with 

points R' and S', a diamond-shaped form appears in the center of the horizontal 

rectangle, and this center figure again appears to be an opaque surface placed in 

front of the square (see Figure 8.27c). The same result is attained in all the cases 

in which the sides of the small central figure are not collinear with those of the 

horizontal rectangle. Two examples are presented in Figures 8.27d and e. 

One may ask why the perceptual result changes so much as a consequence 

of such small formal changes. A possible explanation may be found in an idea 

that Rock (17) dubbed the coincidence-explanation principle. According to 

Rock, human cognition is strongly biased to avoid unexplained coincidences. 

The alignment of contours, a low-probability occurrence, must be left 

unexplained if the two surfaces are interpreted as tiles at the same depth plane. 

But if the two figures are placed at different depth planes, the coincidence is 

avoided. We must now understand how avoiding coincidences may produce 

different perceptual results in Figure 8.27a compared with Figures 8.27c,d,e. 

You probably noted that in the latter configurations, the horizontal rectangle 

meets the small central figure at two points only. This feature allows for a 

transformation that readily accounts for the coincidences in the pattern: The 

central figure becomes an opaque diamond, with a rectangle continuing behind 

it. Note, however, that the principle does not work perfectly because avoiding 

coincidences between the small vertical rectangle and the large horizontal 

rectangle leads us to accept a coincidental alignment of two sides of the 

horizontal rectangle with the edge of the central cut in 
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the square. It could be that additional constraints are placed on the final solution 

by a principle of economy. To test this idea, let us try to compare the two 

alternative solutions in terms of their relative perceptual cost. Defining the 

amount of processing effort required by a given pattern is a thorny issue, which 

has been the subject of several debates (18). Nonetheless, an approach to this 

measurement that makes good intuitive sense can be found, in my opinion, by 

counting the number of depth planes and the number of coincidental 

collinearities that are present in a given perceptual solution. The larger the 

number, the heavier the cost. In addition to these parameters, which are readily 

quantified, one could also try to consider the overall complexity of the solution. 

The latter consideration must be evaluated with great care, however, as we will 

see in the example. 

Consider the two alternative solutions for the patterns of Figures 8.27a and 

c. In Figure 8.27a, the rejected solution is a vertical rectangle, juxtaposed to 

larger horizontal rectangle, over a larger square, over the general background. 

The preferred solution, on the other hand, is a central rectangular hole, with a 

horizontal rectangle tightly fitted in a lateral opening inside a square, also over 

the general background. In the first of these solutions, there are three depth 

planes (the small and the large rectangle, the square, and the general 

background), two horizontal alignments (the horizontal sides of the small 

rectangle with those of the large rectangle), and one vertical alignment (the right 

edge of the small rectangle with the left edge of large rectangle). Therefore, the 

total cost of the solution is 6. In the second solution, there are two depth planes 

(the square and the larger rectangle, plus the general background around the 

pattern and also visible through the smaller rectangular hole), and two 

horizontal alignments (the two sides of the large rectangle with the edges of the 

cut in the square). Therefore, the cost is 4. So, by these parameters, one would 

conclude that the preferred solution is the indeed the least expensive. On the 

other hand, in the second solution, there is an overall increase of figural 

complexity. But complexity is, in itself, difficult to measure. As I have shown, 

what seems a more complex pattern actually requires a representation 

containing fewer depth planes and alignments. 

Let us consider the two alternatives in Figure 8.27c. The rejected solution is 

a diamond-shaped hole, bordering on its right with a concave irregular pentagon 

that is fitted exactly into a horizontal aperture into a larger square. The preferred 

solution is a diamond over a rectangle, over a square, over the general 

background. In the first solution, there are two depth planes, two horizontal 

alignments (the two sides of the large rectangle with two sides of the aperture in 

the square), and two diagonal alignments (the rightward sides of the diamond 

with the leftward sides of the irregular pentagon). In the second solution, there 

are four depth planes and no alignments. Therefore, the preferred solution is 

again the least expensive. The solution that was preferred in Figure 8.27a, being 

the more economical, has now an even less costly alternative and is accordingly 

rejected. 

According to Rock, the human visual system avoids coincidences because 

of the observer's knowledge acquired by experience. In the natural, three-

dimensional world, it is rare to encounter objects with contours that fit perfectly 

into each other. More often, contours occlude each other, and the closer object 

partially occludes the object that is farther away. Following Fodor (19), I prefer 

to think that early perceptual processes are essentially 
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8.28.   Two additional 
modifications of 
Figure 8.26. 

impenetrable to retroactive influences due to past knowledge. In this 

hypothesis, the tendency to avoid coincidences is analogous to the unilateral 

function of margins discussed by Rubin and Koffka when noting that the 

contour of a figure functions as the border for that figure and not for the 

background that surrounds it. In the central patterns of Figures 8.27a and 8.28a 

and b the horizontal parts of the contour would have a double function if the 

center figure were perceived in front. By interpreting the pattern as a hole, this 

double function is avoided. 

Complete articulation. A specific form of perceptual economy has been called 

the principle of complete articulation (20). According to this idea, the human 

perceptual system prefers to organize elements so as to yield a whole without 

leftover parts. This tendency is strong enough to overcome, under certain 

conditions, powerful organizational factors such as proximity or continuity of 

direction. For instance, in Figure 8.29a, it is easier and more natural to see the 

upper right segment as the continuation of the upper left segment, and the lower 

right segment as the continuation of the lower left segment. The four lines 

become an organized whole and form a step, as illustrated in Figure 8.29b. 

Apparently, this solution is preferred over continuity of direction, which would 

connect the upper left with lower right. The advantage seems to be that the 

resulting solution does not leave out any part. The pattern is organized 

completely. 

In Figure 8.30 I have drawn a double concave plane pattern having 12 sides 

and only right angles. Across the concavity on the left, I have drawn a line. Note 

that the interpretation of the line and its position in depth are ambiguous, 

although most likely you see it as a thread connecting two sides of the concavity 

or as a single line that is partially hidden by the double concave pattern. 

Relative to the overall closed form, this line represents a leftover part. The 

perceptual system interprets it in a manner different in meaning from that of all 

the other lines in the drawing. It looks like a thing or an object, whereas all the 

other lines are seen as borders of the concave polygon. The picture is 

immediately restructured as soon as one adds three other segments to it, as in 

Figure 8.30b. The segments are orthogonal to each other to form a sort of "[" 

and they are placed to the left of the polygon. After the addition, the formerly 

leftover segment changes its role and personality. What was an object line now 

becomes an edge line, which 

8.29.   Unification 
without leftover parts. 
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8.30.   The figure in 
(a) changes depending 
on the position of the 
three orthogonal square 
bracket shaped lines. 

continues underneath the polygon to form clear and compelling connections 

with the square bracket shaped lines, generating a rectangle. The area that is left 

open between the left concavity and the newly formed rectangle appears to be 

an aperture that lets the viewer see part of the underlying background. 

The pattern of Figure 8.30a can be subjected to another manipulation. If 

one adds to it three different segments, also having the shape of a "[" but drawn 

so that they can be juxtaposed on the right of the concave polygon, a new 

configuration appears. This consists of a large rectangle behind the double 

concave pattern and jutting out from its right (see Figure 8.30c). The 

rectangular region in the middle, which in 8.30b appeared to be an aperture, 

now appears to be part of this larger rectangular surface. 

The game of variations can go on. If I insert two square bracket shaped 

patterns, one on the right and one on left of the double concave polygon, then 

the vertical segment appears to belong to a narrow rectangle on the left. To 

avoid the coincidence of margins, one can then see the central region as an 

aperture between the narrow rectangle on the left and a larger rectangle on the 

right, which has one of its vertical sides completely hidden by the irregular 

polygon in the foreground. If I add two small rectangular forms on the top and 

on the bottom of the left part of the pattern, a long vertical rectangle appears, 

and the central region again is part of a surface. But the impression of seeing an 

aperture returns, if I combine the patterns presented in Figure 8.30c and e, as I 

have done in 8.30f. The perceptual outcome, in this latter case, is that of a 

double concave pattern partly occluding two rectangles. 

The alternation of the surface and the aperture interpretations for the central 

part of Figure 8.30 depends on several factors. Among them, a crucial role is 

played by the T-junctions that determine the depth order of different surfaces 

and the perceptual impression of stratification. But equally important is the 

tendency to complete articulation, which causes the outer parts to connect with 

the central segment rather than leave it alone, and the avoidance of 

coincidences, which prevents one from seeing two juxtaposed surfaces in 

Figures 8.30d and f. 
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The Phenomenology of Holes 

Holes have a special phenomenological status. They are recognized as holes, 

but this recognition entails the presence of an absence, of an immaterial 

concrete object. Directly connecting this feature of holes to the problem 

discussed in the previous section, Casati and Varzi noted that: 

In the presence of certain visual patterns, people have the impression of perceiving a 

hole, and they react accordingly (even if there is in fact no hole). How does this 

impression arrive? Which patterns are naturally taken as indicating the presence of a 

hole in our environment? (21) 

Holes are always holes in something else. They cannot be removed from 

their hosts or exist by themselves. They can only be holes in an object (22). If 

holes exist as immaterial entities, they can only be perceived indirectly, by 

perceiving a surface and by noting that part of that surface is missing. But if 

holes depend on the matter surrounding them, then any portion of empty space 

that is surrounded by matter should be seen as a hole. Do we always see the 

same thing whenever empty space is surrounded by matter? Or is the perception 

of holes accompanied by expressive qualities, which engage emotional meaning 

that are specific to certain kinds of holes? Is there a single way for a hole to be, 

or are there many ways? 

If I were to base my answer on the physical make-up of a hole, I could not 

respond to the question. But if I consider instead the phenomenal properties of 

holes, I must conclude that holes come in many different perceptual kinds. 

Consider words such as "hole," "aperture," "emptiness," "crack," "fissure," and 

"opening." They all refer to empty regions surrounded by matter, but each refers 

to a different perceptual object. In my opinion, "holes" are (a) apertures of 

moderate size (a bomb or a meteorite do not create a hole, but a "crater"); (b) 

apertures that have been created with a certain precision using an appropriate 

tool, such as a drill (these tend to have a rounded shape); (c) apertures obtained 

by subtracting material on a uniform block of matter; and (d) apertures cutting 

from one side to the other of the host surface. As we have seen above, this kinds 

of hole is quite difficult to represent in a drawing, unless explicit depth cues are 

used (see Figures 8.21d, 8.23, 8.25). 

The word "aperture" refers to a hole connecting two regions of space, but it 

also refers to its opposite, a closure. An aperture by definition can be closed. 

Any container has an aperture, but that aperture is not a hole. If a container is 

said to have a hole, you do not understand that the container has an aperture. 

Rather, you think that it has a defect that compromises its use. In Figure 8.31, I 

have drawn two cubes having, on the same side, a region of empty space 

subtracted from the side surface. In Figure 8.31a, however, the inside of the 

cube is empty, whereas in Figure 8.31b, the cube is a solid block of matter, 

except for the tunnel cutting across it. In the first case, one sees an aperture; in 

the second case, one sees a hole. In Figure 8.27a, discussed earlier, the small 

vertical rectangle is seen as an aperture, not as a hole, because the horizontal 

rectangle is seen as a potentially closing surface. The same is true of Figure 

8.28. 

Another way for a hole to appear not as a hole per se, but as "emptiness" 

surrounded by other things, is the situation we have encountered in Figure 

8.30b. In general, every time the critical region appears as background, that 

region seems to be emptiness bordered by objects, not a hole 
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8.31.   Two cubes with 
different types of bole. 

per se. This perception is even stronger when the viewer's gaze moves from 

Figure 8.32a to 8.32d. In a similar way, if we look again at Figure 8.19, we 

become aware that what we see in that pattern is a break in the surface, not a 

real a hole. Perhaps a good definition for a break is that it is a hole with a his-

tory. We not only see the cut across the surface, but we also see its cause and 

understand that it must have been a traumatic, violent event. The event was not 

deliberate but incidental, so that the position and the size of the break appear to 

be random. Yet another example is that of the representation of a "fissure" in the 

small vertical rectangle in the center of Figure 8.33. But the discussion could 

continue by examining cracks, peep-holes, and so on. Holes are always a 

derived product. First comes the object that will have a hole. Sometimes, object 

and hole can be created simultaneously. But holes can never come first. It is as 

if holes possess a degree of teleological expectation, derived from our 

perceptual processes prewired to detect not only the hole, but also its cause and 

its expressive characteristics. 

8.32.   The central 
square looks like an 
empty space among four 
rectangles, and not a 
hole. The effect is more 
apparent from (a) to (d). 
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8.33.   Representation 
of a vertical fissure in a 
space between two 
rectangles. 

8.34.    A pattern that 
can be used to evaluate 
perceptual changes as a 
function of small graphic 
modifications. 

 

EXERCISES IN GRAPHIC ANALYSIS 

As we have seen, the problem of representing a hole in a drawing does not have 

a single simple solution. Attempts to find a single solution are doomed from the 

start because the visual system is strongly biased to see one figure in front of 

another. It is only by adding other sources of information that this bias can be 

overcome, but the information must be appropriate to the pattern. By adding 

other lines or by modifying existing shapes, alternative organizations can be 

induced to appear abruptly, through a sudden switch to an alternative 

organization. To study how these shifts depend systematically on small 

alternations to a pattern, let us perform additional graphic exercises. By 

gradually modifying an appropriate pattern, perhaps we can slow down and take 

a better look at the perceptual process, which is usually so automatic that it is 

inaccessible to consciousness. 

The pattern I will use is a square with its left side bent inward, forming a 

broken line (Figure 8.34). One could describe this as a square, that has suffered 

an incision, or a cut from the outside. Perpendicular to the incomplete side are 

the sides of a horizontal rectangle. The T-junctions between the sides of the 

rectangle and the sides of the square cause the former to continue behind the 

latter. Note that one could not say exactly how these sides would continue 

behind the occluding object; however, the impression that they do continue is 

strong. In addition, one has the impression that the surface bordered by the 

broken line belongs to the rectangle and is therefore behind the square. 

Therefore, this pattern defines three phenomenal depth layers: the broken 

square, closer to the observer; the rectangle, in the middle; and the rest of the 

page, farther away from the observer. 

If now try adding a diagonal line we obtain Figure 8.35a. This segment 

appears to belong to the perimeter of the "rectangle" (I place this in quotes 

because only the right part of the figure is properly a rectangle), as if it were its 

left border. The remaining part of the polygon now appears as a whole that lets 

the viewer see the background, the third layer. Is this a general rule? 

Unfortunately, no. The perceptual results of adding more graphic lines inside 

the concave part of the figure are difficult to predict and, as we shall see, 

diverse. 

In Figure 8.35b, for instance, the horizontal segment can be seen as part of 

the perimeter of the "rectangle." But it can also be seen as one side of a smaller 

triangular shape. This shape, however, is unstable in that it can appear either as 

a whole or as a figure in front of the square. Apparently, T-junctions are not, by 

themselves, sufficient to suggest interposition in a coercive fashion. They must 

interact with other kinds of information, for instance, with the relative sizes of 

the different patterns. 

In Figure 8.36, a different way of generating a triangle within the concave 

part of the square is presented. In this case, the impression that there is a figure 

in front of the square is much more stable. The difference between the two cases 

lies in the positioning of the segment. In Figure 8.35, the segment connects two 

arbitrary points. In Figure 8.36, it connects two vertices. According to the 

theory of nonaccidental properties (23), if this were the contour of an 

underlying, occluded surface, then the observer would be in an unusual 

position—one that causes the contour to align with two vertices. This position 

has an extremely low probability. Thus, we should prefer to see a figure in front 

of the square. 

In Figure 8.37, a new segment has been inserted such that it prolongs one 

side of the inner polygon. Two T-junctions are produced in this fashion, 
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8.35.   Addition of a 
diagonal (a) or 
horizontal (b) segment 
to the pattern in 8.34. 

but they suggest contrasting interpretations. In the upper part of the figure, one 

should see the segment go under the inner contour of the square; in the lower 

part, one should see the opposite. As a consequence, the inner continuation of 

the "rectangle" appears to bend in depth, as if it were in front of the square in 

the lower part but behind the square in the upper part. The polygon on the left 

again appears as a whole. 

In Figure 8.38a and b, I contrast two different ways of placing a broken line 

inside the concave polygon. In 8.38a, the line appears again as the border of the 

"rectangle," and the polygon on the left appears as a whole. In 8.38b, the 

polygon labeled by an "A" appears as a separate layer, intermediate between the 

square and the rectangle. 

Finally, the four patterns of Figure 8.39 analyze the effect of adding sets of 

three segments when two of these are a prolongation of one side in the inner 

concave polygon. In Figure 8.39a, "F" looks like a hole, whereas in 8.39b, "G" 

looks like a figure in front of all the others. In Figure 8.39c, "H" appears slanted 

in depth, with part of it behind the square and part in front of it. In these three 

cases, the perceived outcomes are completely predicted by the direction of the 

T-junctions. The outcome is different, however, in 8.39d. In this case, there are 

contrasting T-junctions that are quite close to each other. This causes the visual 

system to seek a compromise. The "rectangle" now appears on the same depth 

layer as the square, and the concave polygon is again a hole in the square. 

As my readers can probably appreciate, this simple game is an unexpected 

source of surprises, despite its simplicity. We have looked only at a limited set 

of examples drawn from a much larger set of possibilities. I encourage you to 

explore them on your own. 

THE MEANING OF THE GAME 

The exercises I have proposed are pictorial exercises. In the real, three-

dimensional world, there are less ambiguities, but just as many problems. 

Working with simple figures, it often is possible to generalize some rules, 

speculating that what works with those figures should work in all the figures 

that contain those patterns. But if one tries to apply these rules to slightly more 

complex stimuli, such as those proposed in the last exercise, the same features 

can yield wildly different perceptual results, depending on the context. Such 

features, as for instance T-junctions between contours, are present in the real 

world as well. Therefore, it is generally difficult to predict perceptual results 

from a physical description of stimuli What, then, is the meaning of this game? 

Why do I think that drawing and noting the different perceptual changes that 

result from it is a useful exercise? 

8.36.    Addition of a 
segment that generates a 
triangle inside the 
concave part of the 
square from Figure 8.14. 
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8.37.   Addition of a 
segment that 
continues along a 
side. 

Listing the rules that guide our perception in an orderly, integrated system 

is difficult. In the time-honored tradition of the natural sciences, scientists have 

been able to identify rules for calculating the probability of a given effect, if the 

initial parameters of a system are known. In the study of perception, however, it 

is essentially impossible to predict phenomenal outcomes from a given stimulus 

array unless it is very simple. In most cases, all we can do is to describe the 

outcome a posteriori, after we have observed it directly. In recent years, 

researches in the field of visual perception have experienced a growing 

dissatisfaction with our inability to construct models that go beyond specific 

situations. In 1985, Haber, in A Century of Psychology as a Science, wrote: 

Models have been generated to explain how we perceive alphabetic characters, 

abstract designs, geometric shapes, aircraft silhouettes, or faces. These models 

often work for the tasks for which they were designed, but they are not 

integrated into a more inclusive theory, either for other forms, or for space 

perception, or for cognitive theory in general. The models are ad hoc. They are 

designed to fit the demands of the particular application. Because of their great 

power, they represent one of the brightest stars of perceptual research in this 

past century. They also represent one of its greatest failures, for there has been 

no generalization. (24) 

In the same year, Ramachandran wrote: "one could argue that...the visual 

system often cheats, i.e. uses rules of thumb, short-cuts and clever sleights-of-

hand that were acquired by trial and error through millions of years of natural 

selection" (25). 
More recently, Wagemans and Kolinsky concluded that much research in 

perception has underlined the apparent conflicts between the wide range of 

mechanisms available to the visual system, making it difficult to understand 

how they can be embodied in a single system. Therefore, only a preliminary and 

open conclusion can be drawn: "Perhaps the visual system is able to use a 

variety of sources of information and mechanism to process them, by putting 

different weights on the various sources of information and compromising 

between different mechanisms, depending on the task" (26). 
In our exploration of drawings, we have witnessed how hard it is to predict 

the perceptual outcome of a pattern without first drawing it and observing it. 

For instance, if we asked an observer to look at Figure 8.34, to mentally join the 

R and S vertices with a line, and finally to report the apparant depth position of 

the new figure to the left of the line, we would not obtain consistent answers. So 

far, our exercises have enabled us to list some factors that are relatively stable. 

These factors can be isolated in simple stimuli, but when the conditions become 

more complex, the perceptual 

8.38.   The perceptual 
outcome when two 
broken lines are added 
into the inner part of 
the concavity of Figure 
8.34. 
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8.39.   The perceptual 
consequences of adding 
three segments, two of 
them continuing along a 
side. 

outcome can only be ascertained after the fact: It becomes as matter of empirical 

verification. The only solution, in my opinion, is to accept that the study of 

perception cannot follow the same path traveled by the older natural sciences, 

such physics, chemistry, and so on. To make progress, these disciplines had to 

give up perceptual data. In the natural philosophy of Aristotle, perception was 

the basis of knowledge and therefore also the source of theories about the 

physical world. After the renovation of the natural sciences in the 17th century, 

perception could no longer be the basis of physical theories, and physical 

phenomena had to be measured with methods that ruled out perceptual 

judgements. The laws that could be derived from these measurements can work 

only in a world that abstracts from the contingencies of phenomenal experience, 

however. For instance, the law of gravity is valid only in a void. For bodies 

falling in a medium exerting friction, gravity is no longer constant for all 

objects. It changes as a function of several variables, such as form, size, and 

weight of the falling body. Another critical feature of modern scientific 

discourse has been the progressive substitution of natural language with the 

formalities of mathematics. Mathematics and geometry, which were developed 

abstractly as part of philosophy, provided a precise, unambiguous language to 

describe physical facts. It is doubtful that the study of perception can develop in 

the same direction, even though many researchers have attempted to work in 

this manner since the beginning of experimental psychology. But the laws of 

perception cannot abstract from perception. In the natural sciences, phenomena 

can be avoided because the facts under investigation are defined independently 

from those who observe them. Studying nature within this framework means to 

draw a distinction between a phenomenon to be investigated and a researcher 

who observes it. The researcher can assume that natural phenomena will always 

repeat in the same fashion given the same starting conditions. Therefore, one 

can formulate and test laws that pertain to invariances of classes of events. Even 

if some phenomena are probabilistic, they are still available for repeated 

observation and measurement. Of course, the work of the natural scientists has 

been far from easy, and they often encountered a "flurry of problems," as 

Poincaré used to say (27). The point I want to stress is that study of perception  
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may not profit from following the same approach. 

In the study of perception, the starting point is not just a piece of the world, but a 

piece of the world plus an observer who looks at it. As a consequence, the data of the 

student of perception have an additional source of variability. The student of 

perception must consider the interaction between two classes of fact, without having 

a precise way of measuring either of them. To control the stimuli used in a 

perception experiment, a researcher would need to have precise knowledge of the 

physical world involved. Yet in this regard, the researcher is in the same position as 

the participants in the experiment. In some sense, the researcher is in an even more 

problematic position than the participants because he or she is striving to understand 

why things occur the way they do. On the other hand, hypotheses that try to account 

for perceptual processes often are limited in scope and difficult to integrate in a 

single theory. Perception, as a cognitive activity, evolved to help us cope with 

situations that are extremely rich in spatial and temporal information. Usually, it does 

so with a high degree of success, but to achieve this result, it must take into account 

many sources of information simultaneously. Thus, it is difficult to isolate 

contingencies that can be neglected and achieve a simplification suitable to 

generalizable models. When a researcher tries to reduce the complexity of 

observation conditions—say, by presenting stimuli in a dark chamber—the 

conditions are no more suitable for deriving a general law, only different from the 

usual conditions. When Wertheimer listed his famous laws of perceptual 

organization, he had to qualify with the statement that the laws worked only with 

other conditions being equal, ceteris paribus. Unless these other conditions were 

carefully equated, no predictions could be made. 

Natural laws are not defined in a void created by equality of conditions. They 

simply establish which conditions are necessary and which are irrelevant. For 

instance, in a vacuum gravity is necessary, whereas form, weight, and size of a body 

are irrelevant to predict its fall. Thus, necessary condition delimit the space of 

applicability of a physical law and the scope of lawful prediction. In perception, it is 

often impossible to establish what is necessary and what is irrelevant to produce a 

certain perceptual outcome. Not only are contingencies relevant, they are the very 

stuff of perception. Perception evolved precisely to cope with contingencies in all 

their varieties. For this reason, apart from controlled laboratory conditions and a few 

other exceptional cases, it is practically impossible for any visual array to be 

presented to us more than once. We would like to have a hypothesis that deals with 

the complexity of the working of perception, but we are condemned to study 

perception in situations so oversimplified that the complexity is lost. And 

unfortunately, a complex situation is greater than the sum of the simplified situations 

we can study. 

If we agree that the study of perception is heavily hampered by the complexity 

and speed of perceptual processes, the idea that working with drawings can help us 

understand perception appears especially daring. When used skillfully and 

purposefully, however, drawings can help to capture complexity in a controlled 

situation and slow down the process of perception. They can provide a glimpse of 

processes that are otherwise so fast and automatic, they would escape us. Drawings 

are a way of looking at ourselves while we see, so that the thought of the artist takes 

as its own object the perceptual activity. 
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CHAPTER 9 

AMBIGUITY AND INFORMATION 

n this chapter I attempt to demonstrate that perceptual activities are not 

simply engaged in the business of collecting and processing environmental 

information (1) but also can effectively inject information into the 

environment, enriching the stimulus data. Understanding how this can happen is 

critical to a theory of the psychology of graphics. Fortunately, graphics provide 

us with figural ambiguity, a tool that is ideally suited to unveil how information 

is added during perceptual processing. 

THE PSYCHOPHYSICAL CHAIN 

Before tackling the subject ambiguity, I need to present the conceptual frame-

work behind the standard description of the perceptual process: the so-called 

psychophysical chain (Figure 9.1). Perception is a chain of events. There is a 

physical state, including objects and lights, and this state is called the distal 

stimulus. Light interacts with objects and is either reflected, transmitted, or 

absorbed. Reflected light eventually reaches a sensor surface capable of 

registering it. The array of neural activations at the sensor site is called the 

proximal stimulus. Finally, the neural signal from the peripheral sensors is 

processed by higher order perceptual mechanisms, eventually producing a 

conscious perceptual result. 

Although the psychophysical chain is a useful framework to understand 

how light can carry information from the world to an organism, it is also 

somewhat misleading. For my purposes here, the problematic feature is that the 

chainlike representation gives the impression that the perceptual result is far 

away and fully separate from the distal stimulus, as if the final product of the 

process were something "in the viewer's head." This idea is at odds with the 

phenomenology of perception. As perceivers, we have no awareness of inner 

representations; we simply become aware of the physical state in the 

environment surrounding us. The awareness we have is accurate enough to 

support successful actions on the environment itself. This property of the phe-

nomenology of perception is perhaps better captured by an alternative rep-

resentation in which the perceptual result points back to the distal stimulus 

 

9.1.    The 
psychophysical chain, 
DS = distal stimulus; 
PR = perceptual result; 
PS = proximal stimulus. 
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9.2.    A new version of 
psychophysical chain. 
DS = distal stimulus; 
PR = perceptual result; 
PS = proximal stimulus. 

9.3.    An illusory figure 
of Kanizsa. 

 

to suggest that the perceptual result refers to outside reality (Figure 9.2). A 

version of this cyclical representation was discussed by Neisser (2), who argued 

that environmental information can modify internal schemata and that these in 

turn can direct explorative actions to make new information available. The 

availability of additional information provides a means to compare the previous 

perceptual result with the new one. These comparisons are the nuts and bolts of 

research on perception. 

Think about illusions. Illusions inform about the working of perception 

because they isolate conditions in which the customary ability of perception to 

support successful actions breaks down, producing a perceptual result at odds 

with those obtained in other, sometimes only slightly different, conditions. In 

the Gelb effect, described in chapter 8, a black surface appears white. This is 

surprising and interesting, because in most conditions, black surfaces indeed 

appear black. One of the most interesting offsprings of the Gelb effect is that, in 

many cases, one realizes that a surplus of appearance may be present and that 

this needs to be explained perceptually. An excellent example are the illusory 

figures of Kanizsa (3). In Figure 9.3, viewers first see a triangle that appears to 

be whiter than the page on which it was drawn. Viewers then see the black 

circles with missing sections. It becomes clear that the central triangle is not 

whiter than the page, yet viewers still perceive it as such. As viewers continue 

to look at the triangle and "see" that it is not really there at all, they 

automatically realize the difference between perceptual outcome and 

nonelaborated sensorial data; it is as if one's perception were reflecting on (or 

considering) itself. Of course, our cognitive activities cannot intervene to 

modify or correct perceptual processes that are carried out automatically, but it 

can notice that a perceptual result, and the stimuli that generated it are in fact 

different. It is neither necessary nor functional to take into account this diversity 

in everyday life, in which one of the conditions for surviving is the speed with 

which we respond to the stimuli coming from the environment. But it does 

become necessary when we want to understand how knowledge functions. 

Our cognitive system is self-reflexive in the sense that it can observe and 

question itself about the processes by which it is governed. Because it is a 

fundamental passage of every cognitive activity, perception also, can observe 

itself and, as suggested in the psychophysical circle depicted in Figure 9.2, this 

happens by means of comparing a perceptual outcome with its distal stimulus 

and noting that there is no one-to-one mapping of the first onto the second. 

Every scholar of perception receives theories, hypotheses, and stimuli for his or 

her experiments from this process, which we can call metaperceptive. In a 

manner more direct and less theoretically motivated, every person who draws 

also continuously tests the relationships that are established among the distal 

components, which are nothing more than the marks traced on the paper and the 

perceptual outcome that those marks produce. Artists occasionally stop to verify 

if what they imagined and translated into distal stimulation produces in those 

who observe their work (including themselves) the intended perceptual 

outcome. Artists can never intervene directly on the perceptual outcome as 

observers of their work, but only on the distal stimulation. For example, 

Renaissance artists discovered the rules of perspective when they realized that, 

to represent parallel edges that extended into the third dimension, they could not 

use parallel lines but had to use lines that converged to a point. The distance 

between the depicted edges remains 
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constant, in fact, only if the distance between the lines in the drawing do not 

remain constant but are progressively reduced. 

COMPLEXITY AMP INFORMATION 

The opacity that warps perceptual processes makes them difficult to study from 

a phenomenological point of view, but there are some cases in which perceptual 

processes become partly transparent to consciousness. One such case is visual 

ambiguity. When observing an ambiguous figure, one immediately realizes that 

the stimulus does not change its physical makeup, but one's own experience 

changes each time the figure undergoes a reversal. The perceptual process is 

somehow acting on the stimulus, producing a modification, while at the same 

time informing the viewer that the identity of the observed object is untouched. 

To make things concrete, consider what happens in configurations such as those 

in Figure 9.4. Each seems to take on one of two alternative phenomenal 

appearances independent of—and despite the fact—that everything appears to 

remain physically unchanged. In one of the alternative percepts, there are white 

figures on a solid black background. In the other, there are black figures on a 

white background. There is no perceptual priority for one alternative, and there 

cannot be contemporaneity— the viewer either sees one alternative or the other. 

Such a figure can generate nothing but problems, concerning first the nature of 

the image itself and then the processes inside those who observe. This is what 

Mitchell emphasized when, referring to these images as dialectical images, he 

claimed: 

They do not refer to themselves or to a class of pictures, but employ a single gestalt 

to shift from one reference to another. The ambiguity of their referentiality produces 

a kind of secondary effect of auto-reference to the drawing as drawing, an 

invitation to the spectator to return with fascination to the mysterious object 

whose identity seems so mutable and yet so absolutely singular and definite. (4) 

To treat ambiguous figures in a way that is suitable for our purposes, I need 

to make some assumptions about quantitative relations between two things: 

visual information and figural complexity. The notion of information (visual or 

otherwise) has been defined in several places in the previous chapters. 

According to Bateson (5), who provided one of my favorite definitions, 

information is "any difference that makes a difference." Bateson's definition is 

definitely general and perhaps even a bit generic. It has one merit, however. It 

allows the perceiver a role in deciding about the quantity and the quality of the 

information that can be derived from the environment. 

A number of students of perception have attempted to establish a criterion 

for measuring figural complexity in a generic image (6). Burigana (7) discussed 

all of these attempts, noting that the formal tools used have included algebraic 

structures, morphogenetic models, schemata for modular composition, formal 

languages, differential geometry, fractal geometry, and manifolds. Nonetheless, 

Burigana concluded that the applicability of these tools "remains rather limited, 

whereas the attempts to develop them into a general theory still faces serious 

difficulties" (8). For this reason, complexity can be defined only along a 

specific dimension, especially chosen for a certain situation. For instance, the 

two polygons of Figure 9.5 can be considered 

 

9.4.    Examples of 
bistable figures: (a and b) 
from Luckiesh, M, 
(1920), Visual Illusions, 
New York: Dover, 1965. 
(c) Mikio Kubo, 
Counter-exchange, 1968 
in Gombrich, E. H. 
(1979). The sense of 
order. A study in the 
psychology of decorative 
art. Oxford: Phaidon 
Press Ltd. Permission. 
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9.5.   Two polygons 
having different degrees 
of complexity. 

equally complex in terms of their affordance for actions such as detecting them, 

grasping them, or hitting them with a ball. If one wanted to provide a verbal 

description of their forms or to memorize them to reproduce in a drawing, then 

the degree of complexity of the two figures would be quite different; the square 

is obviously less complex. 

For the purposes of the present analysis, a purely instrumental definition of 

complexity will suffice. I will assume that, in graphics, complexity is a direct 

function of the number of straight lines in the configuration. This definition 

rests on the assumption that complexity is related to the number of changes in 

contour, an assumption that I cannot prove but that seems reasonable. As with 

any definition, mine is subject to limitations. In fact, complexity thus defined 

cannot be measured absolutely, but only in relation to another image. Because 

no instrument allows objective measurement of figure's complexity, perceptual 

activity must establish complexity classifications on the basis of its own 

criterions, which can vary according to the circumstance. In the graphic 

exercises that follow, figural complexity is manipulated by modifying contours 

as they separate different regions. We will work in the domain of those patterns 

(see Figure 9.4) that have been called "ambiguous figures" (9), "reversible 

figures" (10), "qualitative ambiguity," (11) or "multistability in perception" 

(12). These kinds of figures suit our purposes because special graphic skills are 

not required to manipulate them, because the figural inversions that they 

produce are obvious and easy-to-control, and because their perceptual effects 

depend on several factors. Therefore, it is a good training for a comparison 

between drawing and perception. This is why we will be using multistable 

images in the exercises that follow. 

Problem 1 

Suppose you want to draw two vertical rectangles that share one vertical side. 

The rectangles have equal form and size, but different colors and are filled with 

different textures (see Figure 9.6). How can you modify the contours of these 

figures to produce perceptual instability? In particular, how can you make it 

appear that the two rectangles are not coplanar, but alternate in their depth 

segregation? Let us start by listing some theoretical points that are relevant to 

this problem. 

1. The perceptual interpretation of the starting pattern consists of two jux-

taposed rectangles, that is, of two coplanar regions (Figure 9.6). 

2. While discussing multistability in perception, Attneave (13) noted that one 

can produce instability by simply scribbling a meaningless line down 

9.6.   Varieties of 
juxtaposed surfaces and 
textures. 
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9.7.   A bistable figure 
is obtained by drawing a 
wavy line across the 
circle. Note. From 
Multistability in 
Perception, by F. 
Attneave, Scientific 
American, December 
1971, 62-71. 

the middle of a circle. The appearance of the line will change dramatically, 

depending on which side of the contour is seen as the inside and which is 

seen as the outside (Figure 9.7a). The change is so effective that if viewers 

see the two figures separately (Figure 9.7b), they typically will be unable to 

recognize that the profile is the same as that of the first figure. In addition, it 

is quite impossible to see both sides of the contour as figures at the same 

time. The contour can belong to only one figure at any given time. When the 

other figure emerges, the contour changes its ownership. 

3. Based on the observations of Attneave, we may decide to modify the contour 

between the two rectangles of Figure 9.6. In its initial version, the contour is 

rectilinear and therefore in a state of maximal simplicity. Therefore, we 

proceed in the direction of increasing the contour's complexity. By 

systematically varying the texture and the contour of the two regions, we can 

determine when the system starts to inject added information, generating the 

potential for an alternative interpretation. As we will see, this happens only 

when there is an appropriate degree of given information. 

Consider the cases of Figure 9.6a, b, and c. In Figure 9.6a, I have used two 

identical textures with inverse black-white polarities, white on black on the left 

and black on white on the right. In Figure 9.6b, the same regions have different 

textures, but the same black-white polarity. Finally in Figure 9.6c, the textures 

differ both in pattern and in black-white polarity. Note that in all three, one sees 

two juxtaposed surfaces with different textures. There is no added information, 

and the difference in perceptual result simply reflects the differences in given 

information. 

When the contour between the two regions is not straight, the configu-

rations behave differently. Consider first the simplest case, that of a dividing 

contour shaped as an arc or as two linear segments (Figure 9.8). Rubin 

demonstrated that in such patterns, it is the convex region that is most easily 

perceived as the figure, whereas the concave region is perceived as the 

background. Again, the outcome is of phenomenal stratification without 

bistability; however, the feature that plays a crucial role in this case is the 

convexity and concavity of the contour. The convex region always appears to be 

the figure, whereas the concave part appears to continue behind an occluding 

edge and become the ground. 

By breaking the dividing contour into two parts, we have created an 

asymmetric modification of the juxtaposed regions. One of them necessarily 
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9.8.   The separation 
between two regions is 
formed by two 
convergent segments 
or by an arc. The 
convex shapes are 
more easily seen as 
figures. From Rubin, 
E. (1921). Visuell 
wahrgenommene 
Figuren. Copenhagen: 
Gyldendals. (Author 
modifications) 

9.9.   Regions 
separated by a contour 
having equivalent 
concavities and 
convexities. 
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becomes convex, and the other becomes concave, To avoid this, we could try to 

break the contour into three or more parts. By choosing the number of parts 

appropriately, we can then create patterns in which concavities and convexities 

are equally represented on both sides. As shown in Figure 9.9a and b, this kind 

of manipulation engenders the perceptual conditions for bistability, with both 

broken segments and curved lines. As the changes of direction of the contour 

become more pronounced, the ambiguity increases, and the figure-ground 

inversions become more frequent. Examples of the latter effect are provided in 

Figure 9.9b. The last of these figures, 9.9c, was used by Rubin in 1921. 

Another set of variations of contour and texture can be produced when the 

contour separating the two regions is not rectilinear (Figure 9.10). In this case, 

variations fall in one of three classes: the texture pattern in one region possesses 

the same articulation of the dividing contour, the pattern is the same as that of 

the contour on both regions, or it is different in both. In Figure 9.10a, the 

dividing contour is a wavy line which is replicated in the inner textures of the 

surfaces. The contour is defined by a change in chromatic quality of the wavy 

lines. The perceptual result is that of two juxtaposed regions, with no 

superposition and no multistability. In Figures 9.10b and c, the texture of the 

left region has been modified so that it no longer resembles the wavy dividing 

contour. Here one experiences stratification. The region having the same texture 

as the dividing line appears to be in front. It appears that this pattern triggers a 

tendency to perceive stratification, adding three-dimensionality to the given 

information. In Figure 9.11a, finally, both texture patterns have been rendered 

different from the dividing contour. In this case, either surface can become 

figure or ground. It seems that the manipulation 

9.10.   Bordering 
regions covered with 
textures. 
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9.11.   The chromatic 
difference between 
regions enhances figural 
instability. 

 

 

 
 
9.12. Transition from 
tassellation (a) to figural 
instability in (b). 

 

triggers the two alternative interpretations, adding multistability to the given 

information. The effect is strong when the textures are different in both pattern 

and chromatic quality. When the chromatic difference is removed, as in the 

right figures of 9.11a, the effect is attenuated. To generate strong multistability, 

on would need to enhance the difference with the shape of the dividing contour, 

for instance, by modifying the degree of "waviness," as in Figure 9.11b. 

Problem 2 

Suppose you draw three vertical rectangles side by side as in Figure 9.12. The 

rectangles have equal sides but different colors. How could you modify them to 

obtain a pattern that yields perceptual instability? I will leave to my readers the 

task of exploring this problem in detail. As a hint, I will provide a few things to 

consider. First of all, recall that if you work on the shape of the shared contours, 

you should observe outcomes consistent with those of the second problem. 

Note that by modifying the shared contours symmetrically, you can produce 

a pattern reminiscent of the famous "faces vase" (Figure 9.13), one of the best 

known demonstrations in the history of psychology. In this figure, it seems 

reasonable to say that increasing the articulation of the shared contours by 

breaking them into segments increases the information in the pattern. This 

increase of information fails to stabilize the pattern by favoring one 

interpretation over the other, however. Instead, such stabilization occurs in 

Figure 9.14, in which the articulated contour can trigger a process 
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of recognition for the white region, but not for the black region. You can think 

of the effect of recognition as yet another way of adding information to the 

pattern based on internal constraints. In accord with this interpretation, the 

configuration again becomes multistable as soon as the shared contour can 

trigger recognition both for the white and the black region (Figure 9.13). 

Problem 3 

Suppose you draw a rectangle and then tile it with other smaller rectangles, 

alternating white with black as in Figure 9.15a. How could you modify the 

figure to create a situation of figure-ground ambiguity? As a first step toward 

the solution, try some modifications of the vertical contours separating the small 

rectangles. These modifications are inspired by our previous discovery that 

manipulating the complexity of shared contours will, in some cases, produce the 

desired instability. For instance, we can try substituting the vertical contours 

with segments oriented at 45°. The resulting pattern is shown in Figure 9.15b, in 

which I see a disordered instability; instead of a successive alternation of black 

or white surfaces, I see incomplete groupings and a surface in three dimensions. 

Alternating convex and concave contours carry contrasting information about 

what is figure and what is ground. In addition, the rectangles have become 

parallelograms, which in turn can be perceived as rectangles slanted in depth 

(14). There is no doubt that the final outcome has become much more complex, 

and such complexity may be due to the competition between the figure-ground 

stratification induced by the concavities and convexities and to the tendency 

toward a three-dimensional interpretation. 

I call the outcome of Figure 9.15b a case of disorganized instability. 

Another way of achieving the same result is the following: Suppose you add a 

set of horizontal rectangles to the pattern in 9.15b, again alternating black and 

white, as in Figure 9.15c. This manipulation produces a new set of vertical 

alignments. These aligned figures tend to appear on the same depth plane, 

especially if there are many of them. If the number of triangles of Figure 9.15c 

are halved, as in Figure 9.15d, there is again a conflict between seeing tiles all 

on the same plane and seeing some grouping of them in a figure segregated from 

the ground. Different groupings appear at different times, and they tend to be 

limited to local parts of the configuration. In addition, in Figure 9.15d, the 

number of shapes that can become the figure is increased from two to three. 

More precisely, the white rectangles, the black half arrows, and the white half 

arrows can all be seen in the figure. When one becomes the figure, however, the 

other two fail to form an organized whole but remain disconnected. This is 

another source of complexity in the outcome. In Figure 9.15e, I have tried to 

reduce the number of possible figures to two. The attempt is inspired by 

Shepard (15). In this pattern, the viewer sees either black arrows pointing to the 

left or white arrows pointing to the right, against a ground of the other color. 

The alternation is favored by the fact that both figures are meaningful, and I call 

this type of alternation stabilized and well organized. 

Bistability, as added information, seems to depend on the presence of 

specific kinds of given information, such as (a) the articulation of the contour 

dividing the two regions; (b) the number of different forms that are used to 

tassellate a surface; (c) the axis of symmetry of these forms; (d) the trade-off 

between constraints generating three-dimensionality and those generating 

bistability. 

9.13.   Rubin's face vase 
figure, as redrawn by 
Attneave, Multistability 
in Perception. Scientific 
American, December 
1971, 62-71. 

9.14.    Greater 
articulation of the 
contour triggers a 
process of recognition 
for the white region, but 
not for the black region. 

 

Chapter 9: Ambiguity and information   251 

 



9.15.   Varieties of 
figural instability. 

ON THE CAUSES OF FIGURAL AMBIGUITY 

When a surface is completely filled with juxtaposed, alternating black and white 

shapes, the visual system will organize it according to the spatial structure of 

these shapes. Possible organizations range from the perception of a perfectly 

flat tiling, in which all shapes appear to be on the same depth plane, to the 

perception of figure-ground instability, in which one of two alternative 

stratifications is perceived. In between these two extreme cases, there can be a 

large number of intermediate states. In fact, even a regular checkerboard pattern 

(16) is not completely stable. After prolonged observation, new ways of 

organizing the checkerboard can be discovered (Figure 9.16). These 

organizations are relatively short lived and local, however. They usually fail to 

group all the black checks or all the white checks into a stable, 

9.16.  After prolonged 
observation, a 
checkerboard becomes 
perceptually unstable. In 
Gombrich, E. H. 
(1959). Art and Illusion, 
Washington, DC: 
Trusties of the National 
Gallery of Art, 
Washington. (Reprinted 
with permission) 
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9.17.   M. C.Escher. 
Series of sketches 
reproducing tiles in the 
Alhambra. The 
Netherlands: Baarn, 
Cordon Art B. V. 

unitary percept. The instability stems from several structural features high-

lighted by the previous graphic exercises. 

M. C. Escher is the artist who, more than any other, has used figural in-

stability and figure-ground ambiguity for expressive purposes. His goal was to 

show how uncertain and precarious our experience can be, even when we 

inspect patterns with care and geometric precision. Escher's works are a network 

of visual seductions, created to capture observers and fill them with wonder and 

awe. Compare, for instance, the ambiguous patterns of Figures 9.17 and 9.18. 

Figure 9.17, a series of sketches reproducing tiles in the Alhambra, 

demonstrates well how perceptual instability occurs more easily when the 

figures have the figural characteristics I have outlined above. But Figure 9.18 is 

a masterful synthesis of all the factors that seem to contribute to figural 

instability in my interpretation. Scan the figure starting from the bottom. In the 

lower part of the painting, the given information consists of triangular patterns 

tessellating the plane; there is no added information. Moving upward, the 

contour separating the two regions is more articulated. As we have seen, this 

adds bistability to the pattern, which is reinforced in the strata above by making 

the pattern recognizable. The patterns are now birds, and one either sees black 

birds on a white ground or white birds on a black ground. In the upper portion, 

finally, the added information has to do with the three-dimensionality of the 

depicted objects, and the space between them becomes ground in a stable 

fashion. 

 

 

 

9.18.    M. C.Escher, 
Liberation. The 
Netherlands: Baarn, 
Cordon Art B. V. 
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Rubin demonstrated that figures with a convex border are seen more 

readily as figures (Figure 9.8). From Rubin's rule, one would predict the 

following: 

1. If the dividing contour is straight, the two surfaces are coplanar because 

there is no trade-off between convexity or concavity. 

2. If the dividing contour is curved in one point only, the region that corre-

sponds to the concavity will appear as figure. 

3. If the dividing contour is curved in several points, as in wavy line, then both 

regions have locally convex and concave margins; here the system is unable 

to reach a stable result, and the solution is to distribute over time, in 

sequence, the alternative perceptual results that cannot be simultaneously 

reached over space. 

Problem 4 

In the previous problems, I asked how one can take a drawing that is perceived 

as tiling, that is, as a set of surfaces that appear to be on the same depth plane, 

and make the surfaces appear to be at different depths. Now I tackle the 

opposite question: How does one take a pattern in which the surfaces appear to 

lie on different planes and modify it to make the surfaces look like tiling? The 

purpose of this exercise is to demonstrate that creating the graphic conditions 

for a tiling interpretation is quite difficult. Similar to the previous exercises, I 

will assume that the mechanisms responsible for figure-ground segregation 

depend on figural complexity and on the information that specifies that a part of 

the pattern is the figure. Here is the problem. Take a convex planar figure with a 

straight contour and identify any two points on two consecutive sides. Next, 

draw another figure that shares with the first figure the portion of its perimeter 

that was delimited by the two chosen points. How should you draw this second 

figure to make it appear coplanar with the first, that is, to induce the 

interpretation that the two figures are juxtaposed tiles? 

In a first attempt to find the solution, consider the patterns reproduced in 

Figure 9.19. These figures, which meet the required geometric conditions, are 

coercive cases of amodal completion (17). Simple changes to these figures 

demonstrate that the impression of superposition and occlusion takes place with 

both regular and irregular outlines. Therefore, let us analyze first the most 

regular example. 

Amodal completion is a phenomenon whereby a surface is experienced as 

complete even though parts of it are hidden from view by another surface. The 

experience of the hidden part is amodal in that It does not have the properties of 

those percepts that are mediated by stimulation of a sensory 

9.19.   Superposition of 
two squares (a) and 
juxtaposition of three 
squares (c). 
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modality. An example is provided by Figure 9.19a, Although there is no square 

pattern on the retina of the observer, the shape in the background is experienced 

as a complete square. One could ask whether the impression of superposition is 

due to the completion of the square or if the completion is due to clues to 

superposition that are provided by the pattern. We can test which of these two 

possibilities is correct by modifying the shape in the background. If we rule out 

the possibility of interpreting this shape as a square, the experience of 

superposition should disappear. Suppose, for instance, that we cut out part of 

the lower vertex of the square, so that the missing part on the right is exactly 

congruent with the part that is hidden by the occluding square. This 

manipulation produces a symmetric regular shape. According to the Gestalt 

principle of Pragnanz, therefore, this shape should have a strong tendency to 

become a unit as it is, without any need for completion (see Figure 9.19b). This 

logic works, in this case, only if one considers the geometric properties of the 

pattern, not the phenomenal ones. In terms of phenomenology, classifying these 

patterns as regular or irregular yields a completely different outcome. In Figure 

9.19a, there is a geometrically irregular outline, but this is perceived as a regular 

square. In Figure 9.19b, conversely, there is a geometrically regular outline, but 

this is perceived as an irregular shape, a partially occluded square with a 

truncation on the right. Thus, 9.19b suggests that breaking the symmetry of the 

completed surface is not enough to destroy the impression of superposition. The 

impression of tiling is obtained only if one draws a pattern such as the one in 

Figure 9.19c, in which the P and P' vertices coincide. In this case, the two 

smaller squares appear juxtaposed to the larger square, but we have violated the 

constraints of the problem requiring that we use only one figure. 

A second attempt to reach a solution might attempt to separate the factors 

that affect surface completion from those that affect surface stratification. A 

suitable starting point for this endeavor is found in a set of observations 

reported by Helmholtz (18) at the end of the 19th century. Helmholtz noted that 

when two surfaces are perceived as superposed, there is usually a T-junction 

between their contours. The contour of the occluded surface stops where it 

meets the contour of the occluding surface, forming a T-like pattern. This 

observation has been confirmed and exploited by a number of researchers (19). 

The angle formed by the contours in the T-like pattern need not be exactly 90°. 

In general, we can classify as a T-junction any pattern formed by one contour 

meeting another in a point different from one of its terminators. Accordingly, 

the impression of phenomenal stratification is preserved in these cases, as 

shown in Figure 9.19a. 

Recognizing the importance of T-junctions as cues to interposition, we now 

face two choices: We could either try to neutralize their effect or try to eliminate 

them altogether. Our choice should still satisfy the constraints of the problem, 

so we must make sure that the two patterns share a portion of a contour on two 

adjacent sides. Usually, whenever a pattern contains a T-junction, the contour 

forming the stem of the "t" appears to continue behind that forming the head. 

The former becomes an occluded edge, and the latter becomes an occluding 

edge. When there are two contours belonging to the same perimeter, they 

usually appear to continue in a straight line until they meet behind the occluder 

(see Figure 9.19a). Figure 9.20b, however, may be considered an exception to 

this rule. In this case, the contour on the lower left part of the figure appears to 

bend behind the square until it meets the contour on the right. The flexibility of 

the completion process makes our 
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9.20.   Three different 
types of amodal 
completion. 

problem even more difficult because it suggests that neutralizing the effect of 

T-junctions is not simply a matter of avoiding alignments. 

The plasticity of the completion process is probably limited. We could 

speculate that there will be some figural conditions, yet to be found, that can 

inhibit the interpretation of the T-junctions as occlusions and completions. If we 

can identify those conditions, we have found the solution to our problem. Let us 

analyze each of the patterns in Figure 9.20. In Figure 9.20a, the contours 

meeting the sides of the square are aligned, and the impression of amodal 

continuation behind the occluder is strong. It is difficult to see the pattern in any 

other way. In Figure 9.20b, the two contours have been rotated slightly 

clockwise. As a consequence, they are no longer aligned, but the perceptual 

outcome is still one of amodal continuation. The only difference is that the 

occluded figure no longer has a definite shape. It looks like a distorted triangle. 

In Figure 9.20c, one of the contours has been rotated clockwise, whereas the 

other has been rotated counterclockwise. Here the impression of occlusion is 

weaker, and it is possible to see the shape in the lower right part of the pattern 

as an L-shape juxtaposed to the square. To make the latter solution more stable, 

try the following modification. Starting from Figure 9.21, change the shape in 

the lower right part of the pattern until it becomes more regular and symmetric. 

One way to do that is to change to upper right and lower left parts of the L-

shape to make them an isosceles triangle. This manipulation makes it more 

difficult for the contours to continue behind the square. If they did continue, 

then phenomenally the two triangles would no longer be isosceles, introducing a 

disturbing irregularity to the whole pattern. The result is shown in Figure 9.21b, 

which appears phenomenally ambiguous. You can see it as a square that 

occludes a slightly concave figure or as a square juxtaposed to an L-shape. 

Given that the latter solution is more easily achieved, one could say that we 

have now a good approximation to the desired solution. The solution is only 

partly satisfactory, however, because the occlusion alternative is not completely 

ruled out. These results suggest that a complete solution can be achieved only 

by completely eliminating T-junctions from the pattern. One way to draw a 

pattern that meets the requirements of the problem but does not contain T-

junctions is to use curved margins. 

9.21.   With 
appropriate changes, the 
left figure can appear to 
go under the square, as 
in (a), or it can appear 
to juxtaposed to it, as in 
(c). The figure in (b) is 
ambiguous. 
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9.22.   The solution 
works only if the half 
circles have a concavity 
toward the inner part of 
the figure. 

The two points where the perimeter of the square meets the perimeter of the 

other figure must be tangents of the two figures. For instance, take Figure 9.21a 

and substitute the two triangular parts with half circles, as in Figure 9.21c. Now 

the two figures appear to be juxtaposed as in a tiling. This solution 

demonstrates that tangentiality has a functional counterpart in perception, in this 

case by showing that it can destroy the impression of stratification between two 

figures that share part of their contour. Note, however, that even if we have 

succeeded in identifying figural conditions that promote the perception of tiling, 

we cannot conclude that tangentiality is by itself a sufficient condition to create 

a tiling effect. In Figure 9.22, one again can perceive stratification. Isolating 

sufficient conditions is often difficult in the study of perception. 

In Figure 9.23, various combinations of local and global properties have 

been varied systematically. Scanning the figure downward, one finds standard 

T-junctions, junctions formed by a straight contour meeting another contour at 

the point of change from straight to circular, and junctions formed by a straight 

contour meeting a curve. Scanning the figure from left to right, you will find 

first a manipulation of the local junction information and then two 

manipulations of the global shape of the lower surface. The result of 

superposition and occlusion does not depend only on the local information. 

9.23. Twelve figures 
obtained by combining 
the three central shapes 
of the first column with 
the bottom four shapes 
of the first row. 
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Although all the patterns in the first column yield superposition and all the 

patterns in the second column yield juxtaposition, in the last two columns the 

result varies, presumably because of the trade-off between the local and global 

influences. 

CONTOURS AND JUNCTIONS 

Analysis of the fourth exercise suggests that, again, a successful manipulation 

of the apparent depth plane of outline figures always entails graphic operations 

on contour junctions. As discussed earlier in this chapter, many investigators 

have suggested that T-junctions are usually interpreted as perceptual evidence 

of interposition. A T-junction is the feature generated when one contour stops 

abruptly at the point where it meets another, continuous contour. The surface 

bordering the continuous contour then appears in front of, and occluding, the 

surface bordering the other contour. This latter surface, in turn, appears to 

continue behind the occluding surface. Thus, its contour is stopped in a 

geometric description of the pattern, but not in a phenomenal description. 

Figure 9.24 displays a percept of multiple stratification (as many as six depth 

planes) obtained solely by means of T-junctions. Is there a corresponding type 

of junction that suggests coplanarity? Y-junctions may play such a role. 

Consider, for instance, the pattern of Figure 9.25. The distinction between T- 

and Y-junctions suggests a simple rule for predicting superposition or 

juxtaposition between regions that share part of their border. Whenever the 

region contours meet at two right angles (T-junction), superposition is 

predicted. Whenever the contours meet at other kinds of angles (Y-junction), 

juxtaposition is predicted. This simple hypothesis is easily rejected, however. In 

Figure 9.26, various combinations of T- and Y-junctions are presented. Note 

that although in the top row all the junctions are geometrically Y-shaped, one 

readily sees superposition in all these figures. These demonstrations suggest that 

the prediction cannot be based solely on the geometry of local junctions, but 

must take into account how two sides of one region meet the contour of the 

other. 

9.24.   An example of 
multiple stratification 
(seven layers). 
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9.25.   An effect of 
tessellation created by 
Y-junctions, In E. 
Gombrich, 1979, The 
sense of order. A study 
in the psychology of 
decorative art. Oxford; 
Phaidon Press Ltd, 

This discussion has taken the form of a game played in the field of figure-

ground articulation. As in any game, we followed rules. More specifically, we 

tried to find graphic conditions that could change the perceptual interpretation 

of an outline drawing from that of interposition between surfaces to that of 

coplanarity. We tried to minimize the amount of changes to the outlines to 

ensure that features critical to induce the earlier interpretation 

9.26.   T-and 
Y-junctions. 
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were not removed from the new version. As you have seen, this is an easy game 

to play, but a difficult one to win. We have not been able to isolate a general 

principle to explain all perceptual interpretations. You can think of this result as 

symptomatic of the nature of perceptual research. In the physical sciences, 

several different phenomena are regulated by the same laws. Think, for 

instance, of the tides, of flight, and of the trajectory of falling bodies. These 

laws can usually be described by precise mathematical formulations. In 

perception, however, it is very difficult to unify different phenomena by a 

single, general law. It is possible that this frustrating state of affairs depends, at 

least in part, on an inadequate body of knowledge and ultimately on the 

relatively recent history of the research in this field. But we cannot rule out an 

alternative interpretation. Perhaps perception is made up of processes that are 

not in accord with the Galilean principle dictating that the natural world is 

written in the language of mathematics. In this view, the rules that govern many 

of the neurological and psychological processes involved in perception cannot 

be mathematized because these processes go beyond the capabilities of 

mathematical formalization as we know it. It may be possible, however, to 

demonstrate mathematically that perception cannot be mathematized, in the 

same way that computer scientists can demonstrate whether a problem is 

computable or not. If true, this would mean that perception has no general rules, 

but only contingencies that can be compared only approximately. 

ICONS 

Having discussed ambiguity and multistability, it is now time to analyze a 

complementary domain that is dominated instead by stability and by completely 

unambiguous interpretations. We will consider some of the characteristics of a 

class of graphics that are useful precisely because they are completely stable 

and unambiguous, immediately recognizable, and free of interference with other 

figures or the background. This is the class of graphics that form node 21 in 

Figure 1.1 and that have been grouped under the rubric of icons. Icons are a 

relatively recent entry to the world of graphic technology, but their use and 

practical importance have grown quickly. Visual communication through icons 

is effective and powerful even if the range of meanings that an icon can convey 

is restricted. One of the reasons for the pragmatic utility of icons is that they 

overcome linguistic barriers, a useful feature in a world where the circulation of 

goods and people has become increasingly fast and pervasive. In addition, icons 

have proved useful in the context of human-machine interaction and especially 

in the interaction with those machines that are serve "intelligent" functions. 

Icons are signals, and whenever one mentions signals we immediately think 

of street signals transmitting information about forbidden actions, required 

actions, and potential dangers to vehicles. The domain of icons exists at the 

border between language and perception, between abstract concepts and 

concrete objects. Icons, such as ideograms, pictograms, street signals, and other 

graphic symbols, are the places where language and perception meet. Consider 

the patterns in Figures 9.27. It is immediately apparent that these patterns are 

designed to transmit essential information to a large number of people, even if 

these people do not speak the same language or receive specific training to 

interpret the icons (although they may share some social 
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9.27.   Signals used in 
public places. Modley 
R., Handbook of 
Pictorial Symbols, 
Dover 1976. (Reprinted 
with permission) 

and cultural background). If training is not necessary, then the referential 

properties of these signals is already present in the repertoire of most viewers. 

This kind of images help us to navigate a number of complicated places, such as 

railway stations, airports, and hotels, but also to negotiate many daily tasks; 

signals that accomplish the latter task include the labels that illustrate the 

recommended way of washing or ironing a garment or the various lights on the 

dashboard of modern automobiles. Graphics that aim to convey this kind of 

information are based on rules that are well established but implicit. Their 

application is based on shared, tacit knowledge. Although antecedents can be 

found in the coats of arms of the nobility or in graphics such as corporate logos, 

cattle branding, or railway and marine signage, modern iconographic materials 

are novel in that they are designed to be understandable to the most people, 

independent of linguistic and cultural specificities. The less the viewer needs 

knowledge of specific rules, the more that icons are useful. It seems plausible, 

then, that a code for designing icons has found its definition gradually, in its 

interaction with the different societies and cultures of potential users. If this is 

true, then the mental operations 
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that create a link between icons and their meaning are especially worthy of 

investigation. 

In a typical picture, one tries to represent an object in its singularity by 

conveying in the representation all the attributes that define the specific object. 

In an icon, the opposite need must be satisfied. A picture of a man must stand 

for all men, thus a photograph of a particular man would not work. A picture 

that represents an entire set of objects that belong to a given class is not a 

picture of an object; it is the picture of a concept. It is not surprising, then, that 

the design of icons has strong analogies to the formation of categories. As 

Bruner, Goodnow, and Austin noted, "To categorize means to render 

discriminably different things equivalent, to group the objects and events and 

people around us into the classes, and to respond to them in terms of their class 

membership rather than their uniqueness" (20). To design an icon, one must 

choose those attributes that best fit this communicative goal while minimizing 

the cognitive effort, and therefore the time required to understand its meaning. 

Thus, the number of attributes must be kept low. This is done by carefully 

selecting the attributes that have greater diagnostic power and sometimes 

recombining them into a single configuration. For instance, a bird has wings, a 

bill, feathers, and legs that are characteristic of its species. But the whole set of 

these properties is not necessary for a correct identification of a creature as a 

bird. If a creature has wings and feathers, one can immediately predict that it 

will have a bill and legs. 

Designing and Reading am Icon 

In Figure 9.27, I have offered different ways of achieving an appropriate 

reduction of properties. For instance, the concept of a taxi is communicated by 

drawing the profile of an automobile with the characteristic sign on the top; the 

concept of a bus is communicated by drawing a longer vehicle with windows 

and a large door. In the upper section of the figure, we find schematic 

drawings pointing to specific entities, such as a man in a wheelchair, a woman 

caring for an infant, and a child playing with a toy truck. When these drawings 

are placed in the context of an airport or a hotel, we understand that they 

signify a place adapted for people with handicaps, a nursery, or a game room 

for children. In a different context, such as an art gallery, we might not 

attribute these meanings to the icons. What happens is that the context of 

observation influences the interpretation of what is observed. It seems, 

therefore, that icons presuppose certain conditions of observation and 

explicitly exploit them to suggest a certain interpretation. Only when viewers 

are Interested in entering or exiting a certain space can they interpret correctly 

some of the icons in Figure 9.27. In airports, railway stations, hotels, subways, 

or in an unknown part of town, we experience a sort of cognitive discomfort: 

We can't mentally connect what is presently under our observation with 

entities beyond the visual field. This creates a special condition of arousal 

whereby we are constantly searching for information to guide our decisions 

and movements in the correct direction. 

As I have said below, icons are drawn by applying shared rules for con-

structing them. The materials presented in Table 5.1 of chapter 5, can help us 

understand what these rules are and how they are applied. Consider the 

following: 

1.  In icons, lines are almost exclusively border lines drawn with mechanical 

aids. Thus, the expressive qualities of the contours are neutral. 
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2. Icons are typically drawn in the center of a homogeneous field, and contrast 

with it is strong. 

3. Usually, the drawing is black, and the background is white, 

4. The orientation of the depicted objects is chosen to show their most infor-

mative side. For instance, a bicycle (Fig. 9.28) will never be shown from the 

front. In Figure 9.27, some objects are drawn as seen from the top, others 

from the side, and others from the front. 

5. The viewpoint is frontal, central, and at infinity. 

6. Icons are devoid of depth cues except for interposition, which is used 

sparingly and only when required by specific informative needs (e.g., the 

person ascending an escalator). 

7. The chosen objects are usually prototypical of their class (21). 

Finally, icons typically contain certain abstract signs that have became part 

of a minimal vocabulary shared by designers and understood by viewers, thanks 

to their special expressive properties. Examples from Figure 9.27 include the 

diagonal bars that express prohibition, the hand palm to push back or forbid 

entry, and the different arrows used to direct movement. Along with these 

quasi-verbal signs, icons often also contain words that are almost universally 

understood, such as TAXI, BUS, or CHECK-IN. 

To this list of things that are typically present in icons, it is useful to con-

sider what must not be present in them. Several graphic elements cause icons to 

lose their functionality as communication devices, for instance, elements that 

interfere with or slow down the understanding of the meaning. Chief among 

these are graphic conditions that favor ambiguity or multistability— all the 

conditions that suggest multiple depth layers. These are the features of graphics 

that have been treated at the beginning of this chapter: amodal completion, 

transparency, and multistable patterns. All these are typically absent from icons. 

Although designers of icons rarely violate the tacit rules I have described 

above, the coding system used in icons is not completely rigid. Iconic images 

tend to serve a single function, but within this function they offer a range of 

expressive possibilities, and graphic designers choose among them with great 

freedom. Consider, for instance, the symbols produced for different parts of the 

Olympic Games. These icons have served specific functions during the games, 

such as informing about events and their timing and location, but ultimately 

they have become a trademark for the Olympic Committee (Figures 9.28). This 

is typical of graphics. Even in productions that are rigidly codified, such as 

diagrams, maps, or street signals, some room is left for the influence of the 

graphic styles of the period. Thus, style even infiltrates icons through subtle 

variations and expressive choices that are evident even if they are difficult to 

describe. 

In terms of the distinction between given and added information, icons may 

be construed as graphics that have a limited amount of given information 

compared with the complexity of the represented object. Although this 

limitation also reduces the potential injection of added information, it also 

activates top-down interpretative processes. These are inferences drawn by 

establishing connections between entities and events that the members of a 

given culture can learn in a largely unconscious fashion. For this purpose, icons 

represent the most suitable graphic solution. 
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9.28,   Signals used for 
the Olympic Games. 
Modley R., Handbook 
of Pictorial Symbols, 
Dover 1976. (Reprinted 
with permission) 

GRAPHIC INTERFACES BETWEEN 

MEN AND MACHINES 

Cultural and social influences determine communicative styles in all media, 

including drawings. They have to respond to specific communicative needs, 

developed at certain times and within certain cultural contexts. For this reason, 

drawings always provide hints to the culture that produced them. Several 

examples of such hints have been discussed with regard to perspective, 

projective geometry, diagrams and scientific graphics, street signals, and 

taxonomic illustrations. In the domain of icons, a novel and interesting set of 

graphic productions has been developing in recent years and has created its 

own modalities of use and design. This is the domain of icons in human-

machine interfaces, most typically the icons used in graphic interfaces for 

computer programs. In the diagram in Figure 1.1, a number of concepts that 

have been codified by semiotics, such as the concept of pictograms, is grouped 

under the rubric of icons. In the computer world, however, the notion of icons 

has taken on a different, more specific meaning. In a computer interface, icons 

are the figures that appear on the screen that serve the purpose of guiding the 

user through the information stored in the computer and suggesting potential 

actions. I realize that the previous sentence uses words usually reserved for 

social interactions between human beings. People are getting used to the idea 

that our computers are "friends," and this sense 
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of friendship has developed in part because of the ways we have to 

communicate with them. Analyzing in detail the problems of human-machine 

interaction would go beyond the scope of this book, but interfaces must 

certainly take human cognition into account to render this interaction as 

effortless as possible. Nonetheless, the problem of interest for this book is that 

of icons as media for communication. Why are iconic interfaces more user-

friendly, easy to learn, and therefore more productive, than other kinds of 

interfaces? 

A well-designed interface is one that can be used without reading a manual 

(22). This standard is perhaps impossible to achieve but is useful as a guiding 

principle. In the communication between a human being and a computer, the 

optimal result is an interface that allows us to switch on the machine and start 

our work immediately. The interfaces of the early personal computers were far 

from meeting this ideal. The interaction with the machine was prepositional; 

communication required special skills and involved the knowledge of formal 

programming languages. Early interfaces have been gradually substituted with 

iconic interfaces, which use a "desktop" metaphor to present graphically files, 

tools, and even a wastebasket. The desktop metaphor works well because it 

relies on the choice of images that communicate efficiently even without 

specific instructions. Anceschi, (23) who called them picto-ideo-logographic 

monograms, suggested that icons work because they "maintain an explicit 

perceptual autonomy, in that they afford actions in a direct way.… They 

establish a network of relations among all the objects on the desktop, and these 

relations form a preverbal, natural grammar of the interaction" (24). The idea of 

perceptual autonomy suggests that the referential link between icon and object 

is direct, natural, and nonconventional. For the human user, connecting the 

meaning of the icon to other icons or functions is easily done through analogy. 

The icon of an object can be recognized more directly and with less ambi-

guity than the word that refers to that object. Icons do not require that users 

understand a programming or scripting language; no translation is necessary. 

Icons are perceived as a whole, and this promotes fast processing. Language, in 

contrast, is read sequentially and therefore more slowly. The components of 

icons are specific to them, whereas words are created by combining the same 

components—the letters of the alphabet. Thus, words can be visually similar 

even if they refer to objects that are completely different. The Italian language 

is full of words that are almost identical, such as naso and vaso (nose and vase), 

treno and freno (train and brake). In English, examples include words such as 

tear and fear, train and brain, and so on. Icons for noses or vases can be 

designed with completely different graphic components. 

The feature that has developed the potential of iconic interfaces to its full 

extent is the mouse. As a prosthesis for our hand inside the virtual desktop 

represented on the screen, the mouse permits direct manipulation of the 

represented objects. We can thus act on objects in this environment and obtain 

visual feedback from our actions. Icons can be designed to facilitate these 

actions, and the consequences of the actions can be planned to provide 

appropriate feedback. The icons for drawing tools in a graphics program, for 

example, can be thinner or thicker, depending on the width of the line that will 

be traced. The wastebasket on the desktop resembles a container, and when the 

user drags a file onto it, the wastebasket grows larger. The notion that icons can 

be designed to provide affordances for action is in agreement 

Chapter 9: Ambiguity and Information   265 



with Gibson's theory of visual information as a support for action, even if the 

environment is virtually rather than ecologically valid. 

As providers of affordances, icons have a decisive advantage over words. 

Imagine a language that uses XRV2 to mean hammers and XRVT to mean 

screwdrivers. If one read the words, especially without a context, he or she might 

easily be mislead. But if one sees a hammer and a screwdriver, it is highly unlikely 

that the person would pick up the screwdriver to hammer a nail. In iconic interfaces, 

potentialities for confusion are similarly reduced. If one wants to draw a circle, he or 

she does not pick up the square icon. 
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CHAPTER 10 
TOWARD A TAXONOMY 

OF DRAWINGS 

 smooth, uniform surface, A sharp, hard object runs over it, leaving a 

trace of its passage. Someone intentionally performing this action in 

the hope that someone else will see the trace, Underlying the intention, 

an assumption, not spelled out and yet necessary. The first agent is assuming 

that the second agent will see, in that trace, the same meaning that he or she 

sees. If the first agent sees the shape of an animal, so will the second. If he or 

she sees that the trace partitions the space of the drawing with rhythm and 

balance, the second agent will also see that rhythm and that balance. In a 

nutshell, this is the communicative mechanism that underlies the creation and 

the use of drawings. It's all in that simple assumption. Yet such a minimalistic 

procedure has produced, and continues to produce, a huge quantity of work, 

continuously innovating solutions under the spur of novel communicative 

needs. 

NOT JUST VERISIMILITUDE 

About 20 years ago, I started to play with the idea that all graphics, including 

fonts, signals, and geometric drawings, could be understood as variations 

within one single class of phenomena. At that time, it was customary to divide 

graphics into two categories, artistic and instrumental. The first consisted of 

works that belonged to the history of the visual arts and were the subject matter 

of art critics and historians. The second consisted of all the graphics that served 

as aids for explaining concepts that could properly be conveyed only through 

language. Needless to say, the second kind was considered uninteresting and 

not worthy of scientific study. Things are different today. It is becoming 

increasingly easy to meet scholars with a genuine and unprejudiced interest in 

all kinds of graphics. In a recent volume edited by Baigrie (1), a consensus 

emerged. The old view was that graphics were subordinate to language, useful 

only to illustration to textual material. According to the contributors, this view 

was heavily influenced by the heritage bestowed on our culture by logical 

positivism. In the view of science defended by the logical positivists, language 

was the only medium for the 
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formulation and communication of a scientific work. Valid inferences could be 

drawn only if they were cast in the appropriate framework of propositional 

calculus. Other cognitive tools had no epistemic value, even though scientists 

used them all the time. The contributors to the volume offered a detailed 

criticism of the widespread idea 

coupled with the deep-seated conviction that human thinking takes place in words, 

that the pictures in science are psychological devices that serve as heuristic aids 

when reasoning breaks down (2). 

As I argued in chapter 6, graphics have become a major focus of interest for 

those historians and epistemologists who have understood their role as genuine 

models and conceptual devices in science (3). 

This interest is novel and important, but it is dominated by a curiosity that is 

somewhat circumscribed and suspicious. Epistemologists have paid a good deal 

of attention to graphics used in rigorous endeavors, such as science and design. 

Other kinds of graphics often are still looked at only cursorily. This limitation 

means that the representation is identified with the represented thing, and the 

latter is dealt with while the former is forgotten. Although the analysis of 

graphics has been extended to scientific drawings, this extension is not enough. 

There is a wealth of other forms of communication in the world. Why are they 

ignored? In considering this question, I came to suspect that there is a reason the 

study of drawing proceeds by large thematic areas instead of following the 

typical development of systematic investigations. 

Like Baigrie, Mitchell and Elkins consider images as a unity. These authors 

come from different cultural backgrounds and have different theoretical goals, 

but they share the belief that images can be understood only if considered as 

constituting a single universe. According to Mitchell (4), after the so-called 

linguistic turn (which faced all issues as language problems, such that the arts, 

communication, politics, and nature were all assimilated to conversations and 

explained in linguistic terms) we have now made a "pictorial turn." 

The sense of "pictorial turn" is not that we have some powerful account of visual 

representation that is dictating the terms of cultural theory, but that pictures form 

a point of peculiar friction and discomfort across a broad range of intellectual 

inquiry (5). 

Even if these political-philosophical considerations are far from the 

pragmatic psychological approach we have taken to the problem of drawing, 

Mitchell's arguments are still indicative of a substantially new sensitivity and 

attention toward images. 

The point of view expressed by Elkins in his last work is closer to my own 

(6). Taking cognizance of the historic separation between artistic and nonartistic 

images, an argument about the universe of images considered as a whole can 

develop, in my opinion, only in one way, and that is by enclosing within 

brackets the word—and the concept of—art and by speaking only about images. 

In this book, I tried to go through the universe of drawings, with the aim of 

dismantling their mechanisms, studying their structure to understand their 

functioning, and in particular understanding the role played by our own 

perceptual and cognitive activity. Elkins' intention is to study the universe of 

image shared by many disciplines. 
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It is possible to begin writing the history of images rather than that of art. Images are 

found in the history of art, but also in the history of writing, mathematics, biology, 

engineering, physics, chemistry, and art history itself—to name only a few examples. 

The purpose is to tear down the wavering distinctions between "art" and "nonart," 

"expressive" and "inexpressive," that have been obstructing the way to that 

wider panorama (p. 46). 

Elkins recognized five possible relationships between art history and 

"inexpressive" images: (a) using nonart to explain art; (b) using art to explain 

nonart; (c) using art and nonart to explain the history of seeing; (d) writing the 

history of nonart as art; (e) writing about images, without "art" or "nonart." 

Thus, for example, he claimed that all scientific images, together with many 

other types of images as well, should not be excluded from the ambit of the 

history of art, because they are part of the history of representation, which in 

turn is at the base of historical-artistic knowledge. In support of this belief, he 

contemplated the possibility of writing a history of Western art from the 

Renaissance to the present, as a history of crystallography or cartography or of 

the images observed with a microscope, of stamps, of drawings for machines, 

and so forth. It was to a mental experiment that he dedicated the second chapter 

of his book to prove in a stimulating way the validity of the idea. He also 

considered a problem of interest for our work, that is, the problem of 

classification—how images can be grouped and classified. Yet he polarized his 

analysis of writing fonts, from calligraphy to printing. As for what concerns the 

whole classification of images, he put forward general concerns and warnings, 

according to which, given the vastness of the field under consideration, it would 

be incautious to chose a single criterion or system; likewise it would be prudent 

to introduce only enough order to keep the problem open. I believe that a 

systematic study would have to explore the whole structure of the object of 

interest, its subparts and its hierarchy. But to do this, one first needs to 

understand what the structure looks like, which of its elements go together and 

which form separate parts. In other words, the study of drawings needs a 

reliable criterion for classification, a taxonomy. As a final goal, we are still far 

from achieving a full taxonomy of drawings. Once reached, however, this goal 

would bring about a significant advancement in the study of graphic productions 

and of communication through images. 

DRAWINGS, GRAPHICAL TECHNIQUE, 

AND COGNITION 

In this book, I have analyzed three different but tightly interconnected aspects 

of drawings: their parts, their products, and their perceptual effects. To 

understand the parts of drawings, I first tried to disassemble different kinds of 

drawings and to look at their components one by one. Next, I attempted to see 

how these components could be recombined in novel ways to address different 

communicative needs. In analyzing the products of drawings, I emphasized that 

they possess an underlying unity despite their seeming diversity. Consider, for 

instance, the definition of hypothesigraphy or the distinction between the three 

functions of drawings—representational, operative, and taxonomic. How such 

unity emerges is rather poorly understood, however, and I argue that this is so 

because a system for rigorous classification is 
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needed. The perceptual effects of drawings, finally, are critical to the possibility 

of communication through images. They involve mechanisms that are shared by 

the person drawing as well as the person using the graphic product. Because 

these two agents have the same perceptual systems, the perceptual effects of 

drawings on them are the same. Thus, communication is possible even without 

preliminary agreements. I have not discussed this last issue in detail, touching 

on it only through examples. It could not have been otherwise, for it involves a 

huge scientific literature. 

In a taxonomy, each class containing more than one element is both a unit 

and a multiplicity at the same time. Classifying means to organize knowledge in 

two directions simultaneously. One direction is that of emphasizing what unites, 

the definition of the criteria for inclusion in a class. The other direction is that of 

tolerating diversity, the definition of the amount of variation within the class. To 

classify means to identify nested criteria for similarity, so that what is similar at 

some level can become different at the level immediately below. For instance, a 

flounder and a rabbit are similar in that they are both vertebrates, but they are 

also different in that one is a fish and the other a mammal. Building a taxonomy 

amounts to recognizing a set of organic relations, derivations, and connections 

between the elements of a set. Through the explicit recognition of these 

relations, the classification promotes its concrete use. 

Taxonomies are useful in many respects, but they usually pose a problem. 

This problem stems from the fact that taxonomies are at the crossroads between 

two cognitive modalities: perception and conceptualization. In some sense, 

natural taxonomies are heavily dependent on the assumption that differences in 

appearance correspond to differences in substance. Taxonomies are both a 

system for ordering concepts and a perceptual guide for recognizing objects and 

acting accordingly. The perceptual features of the elements are not always in 

accord with their correct conceptualization, however. Whales and dolphins look 

like fish but are classified as mammals, certain varieties of seafood look like 

vegetables but are actually animals, and so on. Taxonomies offer no solution to 

these apparent contradictions, and for this reason they are sometimes too rigid. It 

is as if the knowledge they provide fails to eliminate a certain type of 

uncertainty but simply pushes it out of its territory. 

Drawings are a typical domain of elements having radical differences as 

well as substantial similarities. Both the differences and the similarities seem to 

obey specific laws. Additionally, drawings are in continuous evolution. For all 

this, my opinion is that a critical first step toward an organic understanding of 

drawings (not just some aspect of them) calls for the clarification that only a 

good taxonomy can provide. A prerequisite for this work is that scholars 

abandon artistic prejudice, the idea that some graphics are noble whereas others 

are purely instrumental. This prejudice makes any global classification 

impossible. Some positive signals in this direction are starting to be emitted 

even by art critics. Edgerton, for instance, noted that critics and historians 

neglected scientific images as products lacking artistic or historical interest. 

They "have shown a little more curiosity, but they too tend to treat scientific 

pictures only as after-images of verbal ideas" (8). My opinion is that several 

other kinds of graphics are deeply interesting. The work to be done, therefore, 

involves a systematic classification of all graphic products, excluding none. The 

objective is clear, but certainly not within ,my reach. To find a set of criteria for 

constructing the appropriate classes and subclasse 
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is difficult. A brief review of the topics discussed in this book nonetheless 

provides some useful ideas. 

When creating a taxonomy, one must work through two necessary steps. 

The first is one of research and observation of the things to be classified. The 

second is theoretical and has to do with the search for criteria to group the 

objects into categories. One of the greatest efforts of naturalists, for instance, 

has been to identify criteria for classifying plants and animals. With such a vast 

and diverse material, it took about 2 centuries of substantial effort before a 

useful taxonomy was available in Western science. (Interestingly, drawings 

have played no secondary part in this endeavor.) Earlier attempts at 

systematizing such taxonomies were partial and often based on haphazard 

criteria. The foundations of the modern approach can be traced back to the 16th 

century and culminated with the publication a Leida of Linnaeus' famous 

treatise, Systema Naturae (1735). A look at the main contributions to this work 

can be useful to understand the creation of a good taxonomy. 

In the second half of the 16th century, Ulisse Aldrovandi (1522-1605), a 

physician-naturalist from Bologna, began an extensive and detailed catalog, an 

incredibly long list of objects, each accompanied by a related documentation. 

The creation of catalogs generated a need for a philosophy of classification. 

Two approaches emerged. In the "artificial" approach, the classification was 

based on a single character or on a very limited set of characters. This had the 

advantage of simplicity but failed to highlight evolutionary affinities between 

the classified objects. In the second, so-called "natural" approach, the 

classification was based on similarities and differences between hierarchically 

organized objects. Once methods for classification were available, it became 

possible to work on applications, sometimes with mixed results. Linnaeus' 

system, for instance, is based on an artificial method of classification in that the 

categorization is based on a single criterion, that of the reproductive organs of a 

plant. At the same time, Linnaeus was attracted by natural methods, and he 

worked on several attempts at applying them. These remained incomplete but 

are nonetheless interesting. He grouped plants into classes, orders, genera, and 

species, each defined using a binomial nomenclature introduced by the Swiss 

botanist Gaspard Bauhin (1560-1634). Fully natural classifications were 

introduced by Buffon (1707-1788) and later by Lamarck (1744-1829) and 

Darwin (1809-1882). 

Obviously graphics are fundamentally different from animals and plants. 

Therefore, it would be illogical to try to apply criteria that work for the latter to 

the classification of the former. It seems reasonable, however, to think that the 

development of a system of classification for graphics would need to follow the 

same steps followed by the development of other systems. In some sense, one 

can think of the chapters of this book as corresponding to different parts of 

these three steps. By and large many of the materials of the chapters echo the 

work of Aldrovandi in the 16th century. A catalog of different graphs and 

drawings was created. At the same time, the materials collected have also 

spurred a reflection on potential criteria for classification. For instance, like 

plant and animals, drawings are objects of the world, but they are artifacts 

created for specific communicative reasons. Therefore, for a taxonomer it is of 

little use to ask why plants and animals exist, whereas for drawings this 

question might be important to ask. The communicative purpose associated with 

a graph may in itself be an important criterion for classification. Let us consider 

how this work has unfolded by referring to the criteria that have emerged. As 

we shall see, some of them are similar to 
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what I have called artificial criteria, whereas others are similar to what I have 

called natural criteria. 

In the first chapter, I tried to develop a tree diagram that could capture the 

diversity of graphic productions. Even if schematic, the diagram was useful as a 

premise for reconstructing the underlying unity of graphs, the unity implied by 

the network of connections and derivations between different graphic styles. The 

most basic distinction within this network was the distinction between graphs 

aimed at reproducing or reconstructing visual experiences, that is, graphs 

attempting to produce images analogous to those produced by actual objects 

during natural perception and graphs aimed at inventing perceptual objects that 

are completely novel, independent of the real objects people encounter. The first 

mode, the representational mode, causes observers to reexperience things they 

already have experienced. The second, the abstract mode, can present essentially 

anything: concepts, inferences, data, symmetries, and spaces. We are now in a 

position to evaluate the meaning of the radical difference between the two 

modes, both for graphics and for cognition. 

REPRESENTATIONAL VERSUS 

ABSTRACT DRAWINGS 

Let us consider some representations of the human body. The first originates 

from an Egyptian tomb (Figure 10.1); the second, from a Greek vase from the 

4th century BCE (Figure 10.2); the third, from a medieval codex (Figure 10.3); 

the fourth, from the sketchpad of Villard of Honnecourt (see Figure 2.9); the 

fifth, a nude from the Manneristic period (Figure 10.4); the sixth, finally, is one 

of the Demoiselles d'Avignon by Picasso (Figure 10.5). Consider some examples 

of geometric curves that had some popularity in different times. For instance, 

the first could be Archimedes' arbelos, dating to the 3rd century BCE (Figure 

10.6a); the second, the Roulette or cycloid drawn by Pascal in 1658 (Figure 

10.6b); the third, Peano's curve from 1890 (Figure 10.6c); concluding with the 

famous fractal curve of Mandelbrot (1975). In the case of these abstract entities, 

if one does not know analytic geometry and its history, one cannot guess that the 

figures span a period of 1,400 years. 

Consider yet another kind of drawing. In Figure 10.7, I have reproduced 

several instances of geometric decorations consisting of black and white areas 

that overlap and interweave in endless strips. These decorative motifs come 

from widely different cultures and times: Ancient Greece (a, b), China (c), the 

Hopi (d) and the Pima (e) Native American culture, Mexico (f) and the Berber 

culture (g) of North Africa. Also note that in these motifs, stylistic differences 

are negligible. Although these works come from different times and geographic 

areas, they somehow remain without time or place. The logic of their 

construction is similar, and so is the visual effect they produce. 

Planar curves are built from a collection of points. The x, y coordinates of 

these points are constrained within a relationship such that for any value of x 

dimension, there is only one value of the y dimension. Thus, the shape of these 

curves is not defined by perceptual choices, even if the curves themselves then 

appear to be visual objects, sometimes even aesthetically pleasing ones. The 

decorative motifs of Figure 10.7 are different. The logic of their construction is 

clearly geometric. There are reasons to believe 
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10.1.   Egyptian 
funeral papyrus called 
Of Amon's Singer, 
detail, 21st dynasty, 
(Tebe). 

that the constraints to their creation come from vision, however. In 1936, Franz 

von Steiger was able to prove that there are only 17 different two-dimensional 

shapes that can tile a surface completely when juxtaposed. But decorative 

motifs based on repetition and on the systematic application of symmetry 

operators had been created for millennia. The constraints of translation, 

rotation, reflection, and glide reflection in the creation on repetitive motifs may 

therefore have something to do with the makeup of the visual system. 

In the tree diagram of Figure 1.1, I tried to establish connections between 

all possible nodes, taking into account their similarities as well as their temporal 

succession. This operation suggests that a natural taxonomy of drawings should 

be possible. (Perhaps one should call it pseudo-natural, given that drawings are 

artificial entities.) In such a taxonomy, different features are examined in the 

elements to be classified, and these are then grouped according to these features 

under the assumption that the components of each family are structural variants 

of a general common kind. 
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10.2.   Pelike of Camiro, 
vase painting, 4th 
century BCE. 

 
10.3.   King David on 
throne, psaltery, sec. X, 
Archeological Museum 
of Cividale del Friuli. 
Courtesy of Ministero 
per i Beni e le Attività 
Culturali of Italy. 
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10.4.   Pontormo, 
Studio di Figura 
Allegorica per la Reggia 
di Careggi. (Reprinted 
with permission) 

INFORMATION, FROM THE WORLD TO THE 
DRAWING—AND BACK 

As steps toward a taxonomy, chapters 2, 3, and 4 may be considered 

contributions to the creation of a catalog, the first requisite for the creation of a 

taxonomy. Given that each graph implies a communicative goal, that com-

munication implies the transmission of information and its use by a receiver, 

and that the notion of information is useful to understand many different aspects 

of the world and of our experience, in chapters 2, 3, and 4, I analyzed the fertile 

concept of information. I traveled through a large territory, that of the cognitive 

functions that underlie the possibility of conveying information through 

graphics (on the side of the person drawing) and of understanding it (on the side 

of the user). To establish what constitutes information is critical in any 

communicative interaction. Cutting noted that a science of perception, or of 

knowledge, is difficult to imagine without a concept of information. In his 

view, information contributes to solve a problem found over and over again in 

the history of philosophy, the mind-body problem. More precisely, 

we wish to account for transformation from the physical stuff of the world into 

neural, and particularly mental, stuff within the perceiver and knower. Quite 

literally, we assume that information is the medium that allows an object or event to 

be registered by the senses and, as a product of exploration and attention, registered in 

the mind of the perceiver. (9) 
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10.5.   Picasso, Les 
démoiselles d'Avignon, 
New York, Museum of 
Modem Art. Courtesy 
of Museum of Modern 
Art, New York, 

In chapter 2, I discussed what kind of information allows one to insert in a 

picture the same visual data provided by the interaction of light with real 

objects. Based on the contributions of Gibson and his students, I put forth the 

hypothesis that the critical source of information for pictures is provided by 

projective invariants. In chapter 3, the discussion of information has been 

enriched by considering the interaction between different sources of 

information. 

The elements of a nested unit establish relationships of mutual definition, 

each changing its meaning because of the effect of all the others. To describe 

these interactions, I rediscovered the concept of context. I defined context as the 

center of semantic attraction that polarizes the meaning of the terms that interact 

in discourse. Superficially, contextual effects may appear to explain a great deal, 

but a more careful analysis demonstrates that the effect of the context is itself a 

problem awaiting an explanation. 

In chapter 3, I examined various cases of interaction between target objects 

and other objects presented in the background and potentially acting as a 

reference frame. Some of the examples involved somewhat unfamiliar ar-

rangements of objects, which yielded powerful impressions of size distortion, 

even for familiar objects. These effects may be understood as an anchoring 

problem in the perception of depicted size. In Figure 3.7, Magritte's apple ap-

pears excessively large in a normal-sized room. Why? Why don't we see the 

alternative possibility, a normal-sized apple in a miniature room? Why is the 
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10.6.  (a) Archimede's 
curve, (b) Pascal's 
cycloid, (c) Peano's 
curve. 

 

 

 

apparent size of the apple "anchored" on that of the room, rather than the other 

way around? Despite some interesting suggestions, the examination failed to 

identify a single anchoring rule. 

In chapter 4, I discussed information as it is manipulated by the creator of a 

graphic message. It is apparent that any object, scene, or portion of reality can 

be depicted graphically in an infinite number of ways. Interestingly, these 

portions of reality need not be visual in nature; one can still come up with ways 

of representing them graphically. This fact is consistent with the Gibsonian 

claim that each portion of reality is an inexhaustible source of information. In 

developing his theory of "directed" perception, Cutting (10) developed the 

Gibsonian notion further. In Cutting's proposal, not only is visually observable 

reality rich in information; the abundance of information is such that the 

observer must choose and select what information to process, depending on the 

goals of the present actions. Graphics are consistent with this model of 

information selection. The work of an artist resembles a progressive epiphany 

that slowly and gradually focuses the graph on the appropriate choice of 

information by deliberately reflecting on the inner workings of all perceivers. 

Although a natural classification of graphics is possible, it is equally 

possible to think of an artificial classification based on a small set of specific 

criteria. I adopted this criterion when I discussed the different kinds of graphic 

lines and different geometric constraints. This was done in chapter 5, 

10.7.   Examples of 
geometric decoration 
made up of black and 
white areas that overlap 
and interweave in 
endless strips. 
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in which the structure of drawings was analyzed and disassembled to reveal its 

constituent components. One can think of these as the elements of a grammar of 

the graphic language, which can be defined along two dimensions: the 

manifestation of the basic graphic element, the line (object lines, edge lines, 

crack lines, and texture lines), and the type of projective relationship between 

the observer and the depicted object, as defined by the position and the distance 

of the depicted viewpoint relative to the structural components of the depicted 

object. In the chapter, these dimensions were investigated in four different kinds 

of graphs: representational, operational, taxonomic, and different kinds of 

scientific graphics. 

Yet another meaningful group of graphs was discussed in chapter 6, in 

which I shared how new graphic solutions are developed under the spur of new 

communicative needs, and how these solutions spread tacitly, so that they are 

then generally followed even if not explicitly spelled out. These are graphics 

aimed at representing portions of reality that cannot be experienced directly, but 

only inferred on the basis of theory and experimental evidence. I proposed 

calling this specific form of scientific graphs hypothetigraphs. Hypothetigraphy 

is the production of graphics that are useful not only for scientific 

communication, but also as tools for scientific research and scientific reasoning 

(11). 

THE DISCOVERY OF SCIENTIFIC 

GRAPHIC NOTATION 

Authors such as O'Hara, Brown, Baigrie, Ruse, Lynch, and Woolgar have 

looked at the graphics used by scientists in novel ways. In their work, these 

scholars paid little attention to the concrete structure, the material form of a 

graphic. Although they were impressed by the fact that scientific thinking 

actively uses visual imagery to draw inferences or to illustrate a theory, O'Hara 

and colleagues did not analyze the visual material that could be used to achieve 

these goals. Although they criticized the neglect of visual cognitive components 

by both historians and philosophers of science, they did not address the problem 

of how one might go about studying these components. For the purposes of this 

book, this problem is critical. To demonstrate that images can be useful to 

scientific thinking is not enough. One must also show how they can serve this 

purpose in different research areas. A contribution in this direction comes from 

the essay of David Topper (12). Topper's chapter is a penetrating review of the 

literature on the role of images in the sciences, with a twofold aim. First, Topper 

tried to understand the historical and philosophical underpinning of the issue. 

Second, he tried to draw a line separating art from science. Among other things, 

Topper noted that art historians have given the rank of "scientific illustration" 

only to images that have been printed and published in a final, polished form. 

According to Topper, this is a limitation. Scientific imaging actively involves 

sketches, working graphs, approximate diagrams, and preliminary models, and 

these are all worth studying. He noted: 

I should now like to expand the discussion, arguing that notebooks, workbooks, 

sketchbooks, and other such artifacts—along with completed paintings—are 

viable candidates as scientific illustrations. In fact I would go so far as to assert that 

any visual scribble of a scientist or artist" is a bona 
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fide artifact—from field-drawings in natural history, through geometrical diagrams 

in laboratory notebooks, to any conceptual schema jotted down in visual form. 

(13) 

Having listed some of the characteristics of these graphics, Topper pro-

posed that "any further study of scientific illustration must confront these and 

other features of the genre" (14) arguing, correctly in my opinion, that 

"broaching scientific illustration from these viewpoints opens up questions 

regarding not only the nature of scientific illustration itself... but also regarding 

the nature of all types of illustration and imagery, and the demarcation of 

science, pseudo-science, and art—in sum, the very nature of what we mean by 

'science' and 'art' " (15). 

I am convinced that of the many criteria that can be used to classify 

graphics, the opposition between art and science is one of the least useful. In 

fact, there are reasons to believe that this criterion produces more confusion 

than clarification of potential categories. For one thing, the two labels of science 

and art are loaded with theoretical, symbolic, epistemological, and aestethic 

implications. On the other hand, I must admit that Topper's idea fits nicely with 

my view of the trade-off between emphasis and exclusion. Especially 

illuminating in this respect are Topper's two examples, Galileo's sketches of the 

trajectories of projectiles and the tree diagrams drawn by Darwin to speculate 

on the origin of species. 

Chapter 7 of this volume dealt with the representation of time in static 

images. My approach has been to combine the analysis of the technical, applied 

problem of making a temporal graph with that of the cognitive mechanisms that 

allow one to read the graph correctly and understand it. In analyzing this 

material, I have preferred to act more as a collector than as a systematic 

classifier. As I said before, collecting materials to create a catalog of entities of 

interest is a useful preliminary step. 

In chapters 8 and 9, I focused my attention to the problem of using 

drawings as means of for communication. Graphic communication is possible 

in that images activate in their viewers processes that are similar to those 

activated by objects in the world. For this reason, drawings can be used to 

investigate perception. For instance, drawings are well suited to isolate 

processes that are usually so fast and automatic that they do not reach con-

sciousness. In tackling perceptual problems, I have involved my readers in a 

"work in progress" that uses drawings to illustrate and discuss perception. 

UNITY AND DIVERSITY IN GRAPHICS 

Perceptual psychologists have been increasingly interested in the visual arts, 

and especially in paintings (16). In their work, these investigators tackled not 

only the perceptual and cognitive mechanisms relevant to the visual arts, but 

also the neurophysiology of observers viewing artworks. Traditionally the main 

object of their interest has been the issue of verisimilitude, or veridical 

representation. This is an old issue that art theorists have debated for at least 

three millennia. For psychologists, the problem is that of understanding how 

complex spatial relationships and diverse scenes can be represented faithfully 

on paper through simple, well-distributed graphic elements and a limited 

pallette of colors. In particular, many investigators have sought to understand 

why the perceptual consequences of looking at pictures are so similar to those 

of the actual objects, despite the obvious differences in the 

Chapter 10: Toward a Taxonomy of Drawings   279 



stimulus conditions. Thus, the problem of verisimilitude includes that of per-

spective, one of the many cases of three-dimensional experience induced by 

two-dimensional stimulation (17). Additionally, some authors have tackled the 

problem of representing light, shadow, and space (18). These problems have 

spurred the development of a specific research area that Gibson and Kennedy 

called picture perception. I discussed picture perception in chapter 4. The 

aspects of picture perception that have been most investigated are those having 

to do with the different degrees of correspondence between reality and its 

pictorial representation and with the geometries that govern the mapping (19). 

To some extent, each of us can put signs on a surface to communicate visual 

information. Each of us can also "see" and understand what many of these signs 

are meant to communicate. Even in front of specialistic drawings that combine 

representational figures with abstract symbols, we need only minimal training 

to learn how to interpret them. Typically, one does not need detailed study and 

complex explanation to reach a satisfactory understanding of them. Despite this 

natural competence, most of us hesitate to draw. Some people seem to have an 

inborn ability to draw, but most are scared and embarrassed when they have to 

pick up a pencil and draw something. This attitude depends, presumably, on the 

widespread opinion that the only worthy ability in drawing is reproducing a 

recognizable image of things as they are seen. Hagen (20) noted that if we ask 

10 friends to draw a house, 9 out of 10 may well answer that they can't. But if 

we force them to try, we may realize that this negative conclusion is not 

warranted. In fact, examining drawings produced by adults suggests that these 

drawings are not necessarily unsuccessful unless the only criterion for success 

is the ability to capture the geometry of perspective for three-dimensional 

solids. In Hagen's study, participants were asked to draw freely four target 

objects. She reported a result, which is, to my mind, is especially significant: 

Individual adults, apart from artists, usually do not adopt a particular projection 

system as a consistently preferred style. Each object, or perhaps each class of object, 

seems to demand a particular style of rendering.... Only 10 percent employed the 

same projection system.... Eighty percent used two different systems, and 10 

percent used three. (21) 

I believe that one has to go beyond the constraints of figural perspective 

drawing to understand the potentialities of drawing in all its manifestations. 

With this respect, especially stimulating is the curiosity of van Sommers (22) 

toward free and purposeless drawings as performed by people of average 

education. These drawings, which are usually executed with ease and pleasure, 

are usually called doodles. Van Sommers, however, declares an utter disgust for 

the term because "it further trivializes one of the few moments of graphic play" 

(23). In his view, doodles are a the product of a "graphic engine," an internal 

routine that accumulates traces of our motor activity. Almost all children are 

happy to make drawings, and they continue to do so until they reach their 

teenage years. Why does growing up bring about a fear of drawings and a lack 

of interest in using and practicing them? There are likely several causes. It 

seems plausible, however, that part of the explanation is the widespread 

convinction that to draw one must first know how to draw—a gift of nature that 

only a limited number of people possess, consisting in the ability to capture 

visual angles correctly on a drawing surface. I believe that this convinction is 

unfortunate. The ability to use signs to communicate meanings and information 

may be a part of the cognitive 
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repertoire of us all. If so, we can use drawings under appropriate circumstances, 

even if we do so with varying degrees of skill. The fear of drawing stems from 

believing that drawings must imitate reality, and the emphasis on verisimilitude 

brings about the idea that being unable to imitate reality means being unable to 

use drawings for any kind of communicative need. While considering a similar 

issue, Willats (1997) asked: 

How should pictures like Raphael's Study of three Graces (Figure 10.8a) or the 

drawing of a locomotive (Figure 10.8b) be classified?...Like Raphael's three 

Graces the drawing of a locomotive... is basically a line drawing...this drawing 

also contains convincing examples of the representation of the optical effects 

of tonal modeling and cast shadows. Is it possible to place such pictures...along 

a smooth continuum running from optically faithful pictures such as TV 

pictures at one end to pictures that are less optically faithful at the other? (24). 

10.8.   (a) Raphael, 
Study of three Graces. 
Courtesy of Royal 
Collection Enterprises, 
Windsor Castle, U.K. 
(b) drawing of a 
locomotive. In Willats, 
J. Art and 
Representation, 
Princeton, NJ: 
Princeton University 
Press, 1997. 
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10.9.   Machine 
arithmètique of M. 
Lepin, 1720-1726. In 
Machine et Inventions, 
approuvèe par 
I'Acadèmie Royale, 
1735 (Reprinted with 
kind permission of 
Sylvia Brigenti). 

This question is indeed important, although too narrow because it focuses 

the problem only in relation to optical fidelity. I think one should tackle the 

problem in the context of a much wider range of images. To this end, consider 

listing another three images after those mentioned by Willats. An etching 

illustrating the inside of the Machine Arithmètique of M. Lepin (Figure 10.9) 

compares two arithmetic machines one by Lepin and one by Pascal. The etching 

is found in the fourth volume of the collection Machines et Inventions 

Approuvée par I'Academie Royale des Sciences (1735), listing machines 

invented between 1720 and 1726. The first of these machines already had been 

built in several versions. In fact, its prototype dated back to 1645. Much less 

known, about the second; in fact, there is no proof that it was ever built. Thus, it 

makes little sense to compare them under the criterion of optical fidelity. Marr 

(25) would probably call the representation of Pascal's machine an object-

centered representation because its components are not shown from a particular 

viewpoint common to all, but rather they are displayed to illustrate how they 

should be assembled. For each component, the viewpoint is specific and 

hypothetical, at a theoretically infinite distance so that there are no perspective 

distortions. The drawings provides information useful for two tasks: building 

the machine and complementing the written description of how the machine 

would actually work with a visual illustration. 

In the same volume we find another etching, illustrating a new method for 

musical notation developed by M. Demausse in 1726 (Figure 10.10). 

Demausse's notation does not use the familiar music staff with five parallel 

lines. Instead, the different notes are depicted by the orientation of a "tail" 

relative to a "head." The shape of the head identifies the octave, for instance, a 

white square identifies the lower octave. The author correctly reported that the 

perceptual discrimination of these notes is difficult. You may note that the 

differences between D, F, and A pop out perceptually, whereas other pairs 

require careful inspection. Such utilization of pictures is peculiar, but far from 

infrequent. As with all writing systems, the graphic elements are visual stimuli 

that stand for something that is not visual. Thus, they cannot 
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10.10.   Method for 
musical notation 
developed by M. 
Demausse, 1726. In 
Machine et Inventions, 
approuvèe par 
l'Acadèmie Royale, 
1735 (reproduced by 
kind permission of 
Sylvia Brigenti). 

be optically faithful by definition. The mapping between signs and meanings is 

somewhat arbitrary and must be learned. Yet the workings of the visual system 

pose constraints on the use of the system. Reading the notation is more efficient 

in some conditions than in others. 

The third picture I want to analyze is a hand-drawn map of the roads at the 

border between Italy and France, near the town of Ventimiglia. The map does 

not provide a complete representation of the area, because it is drawn with a 

specific aim: avoiding check points while smuggling illegal Kurd immigrants 

into Italy (Figure 10.11). Four roads are represented. The first, in the upper part 

of the map, is along the railroad tracks. The second is along a state road. The 

third follows the coastline. The fourth crosses the border through the mountains. 

The visual correspondence between the places and the distances in the actual 

terrain and those depicted in the map is weak and approximate. A the same 

time, there are specific correspondences, and there is efficient communication 

of information. Note the placement of landmarks on the map: roads, stairs, 

tunnels. These have the function of locating the user on the map. Despite the 

general lack of optical faithfulness, of correspondence between the geographic 

environment and representation on the map, it is relatively easy to establish how 

the two domains relate to each other. 

In my opinion, it makes little sense to rank order the five images listed 

above according to their degree of optical faithfulness. If we were to do it, 

however, we would probably put Raphael's Three Graces at the top of the 
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10.11.   A hand-drawn 
map, used by illegal 
Kurd immigrants, of the 
roads on the border 
between Italy and 
France. 

list, and Demausse's notation system at the bottom. But once we have done this, 

we should ask ourselves, what does it mean to be "less optically faithful"? What 

is the criterion to measure it? The danger is to propose again the old canard that 

photography is the medium that best represents reality, followed by holograms 

and virtual reality. This conclusion is useless both operatively and 

epistemologically, because it suggests that the only useful criterion for ordering 

graphs is that of realism, from verisimilitude to abstraction. I suggest that we 

use a set of different criteria based on testing the correspondence between 

visual information available in the image and the communicative goal of the 

image itself. In these terms, there is no difference between the etching by 

Piranesi presented in Figure 4.2, surely one of the most optically faithful 

images in this book, and the sketches of planetary positions hand drawn by 

Galileo to track them over different days. One simply cannot say that the first is 

richer in information, more complete, or more useful, than the second. In fact, 

both contain all the information that the author was trying to convey and that 

was necessary to understand the message. 

But the similarity between the two images runs deeper than this. Not only 

do both manage to convey all the visual information needed to understand the 

object of communication, but they also make available visual data that can be 

selected and organized in a self-sufficient and complete fashion, so that what 

has been left out becomes irrelevant. As I have demonstrated in several 

examples in this book, pictures that are too consistent with the depicted object 

can be counterproductive for certain communicative goals. Sometimes pictures 

that are too optically faithful do not work. Imagine a street signal bearing a 

photograph of a real car or a real train, in full detail and with the background 

landscape. Such a signal would be overloaded with irrelevant information, and 

therefore it would be much less efficient. Before one starts classifying 

drawings, as Willats wanted us to do, one must first 
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decide on a criterion to follow. It is generally agreed, for instance, that visual 

perception must satisfy two classes of constraints on the processing of in-

formation. One class comes from visual cognition, whereas the other comes 

from motor control. Visual cognition constrains information on the kinds of 

surface and object properties that we can learn about: shapes, colors, 

affordances, expressive qualities. Motor control constrains information on the 

kinds of actions that we can perform on the world: to guide it, correct its 

progress, monitor its results. Both classes of constraints are involved when we 

come in contact with things in the world for the purpose of manipulating, 

changing, breaking, or repair them, assembling and disassembling them, 

caressing or hitting them, and so on. Milner and Goodale (26) discussed a large 

literature suggesting that the motor control system uses different kinds of visual 

information than those used by the cognitive system, and it does so through 

different neural pathways. It is plausible, therefore, that images containing 

motor-relevant information would be different from those relevant to cognition 

proper. On this basis, one could think of another dimension for classifying 

graphics, having on one end information fully relevant for motor control but 

totally irrelevant from the cognitive standpoint, and having motor-irrelevant but 

cognition-relevant information on the other end. If I were to try to place the five 

images discussed here on this continuum, I would put Raphael's Three Graces 

on the cognition-relevant end and the smuggler's map on the motor-control end, 

with the engine and the Machine Arithmètique in the middle. A method for the 

classification of image, exploiting Willats' criterion explicitly, could consist of 

the explicit creation of several dimensions such as the above. 

I made no distinction among images according to their value or aesthetic 

significance. I considered only graphic images, drawings, and etchings because 

I wanted to understand how is it that such poor material as tracings on a surface 

can be so potentially rich in visual solutions for communication purposes. The 

disciplinary ambit I referred to is the psychology of perception. The processes 

of perceptual organization guide the making and understanding of images and 

are therefore the shared data by virtue of which the executor and the receiver 

can communicate. To understand the operational meaning of this statement, it is 

useful to make some final observations on the comparison between verbal 

communication and communication through images. Once more two, graphic 

schemes prepared for the purpose will help us save words of explanation. 

Communicating Through Images 

As is well known, verbal communication is based on a system of symbolic 

representations, whereas communication through images uses a nonsymbolic 

representation system that we call iconic. In the case of the former, the 

relationship between the sign and its meaning need not respect any bond of 

necessity, as for example happens in a language in which the link between a 

word and the object it indicates is completely conventional. Each language 

defines the same objects with different words; thus to understand the meaning 

of a sentence in an unknown language, one must refer to a translation. 

A graphic synthesis of this process is presented in Figure 10.12. The center 

of the figure shows a set of objects with which we can have some kind of 

contact (for simplicity we are talking about objects, but we could speak about 

concepts and thoughts as well); two languages with their universe of 
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10.12.   Scheme of 
symbolic 
communication. 

signs are represented on the left and right. Each language creates arbitrary links 

among objects and signs, establishing triangular relationships among language, 

sign, and object. The side that connects sign to object is thicker than the other 

two, indicating that the relationship between significant and signification is 

stable, or, better, stabilized, in each language. 

In the case of the latter, the links between sign and meaning are necessary, 

in the sense that a drawing must show some visible or possibly visible aspect of 

what it depicts. It consists either of an object that can be observed or of 

something that is imagined or perhaps only thought about. This process is 

shown in Figure 10.13 where each object is represented by a cylinder around 

which some of its possible images are displayed like satellites. Because each 

object can be depicted in many different ways, the number of satellites is in 

theory variable and infinite. The diagram underlines the fact that there is a level 

of visual correspondence between an object and its representation that activates 

perceptual organizations and solutions that are similar. Notice that there is no 

rigid link, as the symbolic representation establishes between object and sign, 

represented by thicker lines in Figure 10.12. Within an iconic communication, 

in fact, the link between image and object is given by the perceptual process 

that happens in the observer, who is indicated with concentric circles in Figure 

10.13. To understand each other, drawer and observer do not need to stipulate 

an agreement, unlike speakers, who must establish and respect rigid agreements 

about the links between words and things. And this is true not only for 

figurative images, but for all other kinds of images. We saw, in fact, that 

graphics, charts, diagrams, and so-forth, even though showing relationships and 

variations among aspects of things that are not directly visible, still do not 

require long and difficult instruction to understand them, because they respect a 

few fundamental rules of execution and interpretation that are universally 

shared. Images do not require translation, at least at a first level of 

interpretation, not even those belonging to faraway cultures. Unlike language, 

even if the formal representations of images differ from culture to culture, they 

always allow some level of comprehension by an alien observer. The reason 

this is possible is that images are never simply the product of conventional 

links. All have a "level of representation," and many of them also show a "level 

of symbolization." 
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10.13.   Scheme of 
iconic 
communication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the first level, an image is seen in the same way by all observers, and 

thus it is understood. The symbolic level will eventually be excluded frorn 

immediate knowledge if we are unaware of the relationships that have been 

established between an image and a meaning in a certain culture. Thus, as for 

example, in the case of a woman holding in one hand the bit and the reins of a 

horse, it would be difficult to say that the image depicts the quality of 

"temperance." From a cognitive and perceptual point of view, images must be 

studied bearing in mind not only the results, but also the whole process of their 

creation. The exercises proposed at the end of some of the chapters had the 

purpose of making transparent the work of perception, which is usually opaque 

to consciousness. 

We live in a world dominated by the rhythmic, persuasive power of images 

(27), which have overcome limits that appeared to be definitive and immovable. 

First they lost their uniqueness and through reproduction techniques became 

endlessly repeatable. Then they crossed the boundaries of their static nature, and 

with the advent of film acquired the ability to preserve movement and thus to 

render repeatable events that the flow of time made irretrievable. Then they 

reached the stage of ubiquity: Television allows the same images to be observed 

at the same time by different people in faraway places. Finally, they lost their 

flatness, and by means of virtual reality became interactive, able to respond to 

exploratory movements made by the observer. But alongside these exhibitionistic 

and overbearing new-generation images created by sophisticated technological 

means, drawings are still in constant use, remaining impervious to the onslaughts 

of high-tech competitors. After thousands of years, they show no sign of crisis or 

exhaustion, perhaps because they are so adaptable and varied, almost free of 

technical constraints, working in harmony with human perceptual and cognitive 

activities. 
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SUBJECT INDEX 
A 

 

Abstract images 

representations comparison, 272-275, 276, 277 

representational image separation, 5 

Abstract schemata, 144-149  

Abstract signs, 263  

Abstract space, 10-11  

Accademie, forum, 145-146  

Action-reaction polarity, 212, 213, 214  

Affine transformations, 29, 201, 202  

Affordances, 265-266, see also Expressive qualities  

Age, 30 

Alhambra, tiles, 253  

Allegorical visibility, 149-155  

Allegories 

connection between referent and image, 141-142 

scientific illustration, 151 

time, 179-184  

Alphabet, 40  

Ambiguity 

convexity/concavity and drawing a hole, 223-224, 

226 

isolated objects and role of context, 49 

operational drawing, 122  

Amodal completion, 254-256, see also Figural 

ambiguity  

Amoeba, 198-199  

Analytical geometry, 12  

Anamorphosis, 26, 32  

Anatomic drawings, 15-16, 123  

Anaximander, 12  

Angles 

convex and drawing a hole, 223, 225 

distance between images in sequence, 201, 202 

relationships and graphic images of Node 6, 11  

Animals, 5 

Aperture, 236, see also Holes  

Apollo/Daphne story, 185  

Apollonius of Perga, 13  

Apse, 80, 81  

Arabic miniature, 91-92  

Archimedes's curve, 277  

Architectural drawings, 222  

Aristotelian paradigm, 145  

Arousal, 262, see also Icons  

Arrows, 167-168  

Art 

history relationships and inexpressive images, 

269 

representation of events, 187-196  

Artificial criteria, 271  

Artistic category, 267  

Associations, 133-134, see also Diagrams

Asymmetry, 247, 248  

Attention window, 76  

Autopsia, 11 

 

B 

 

Background 

designing and reading icons, 263 
lines, 106, 107 
taxonomic drawing, 125, 127-128 

Balance 
aspects of communication, 68-70 
dialectics of emphasis and exclusion, 71-77 
drawing and its communicative goals, 

86-92 
first approach to perspective, 79-83 
how to see the Eiffel Tower and how to build it, 

92-96 
multiple verisimilitudes, 70-71 
parts relationship and designing/reading of fonts, 

41-42 
picture perspective, 83-86 
reality of fiction, 77-79 

theoretical preliminaries, 65-68  

Bar chart, 133, see also Diagrams  

Baroque painters, 37  

Bas-reliefs, 189,190  

Beauty, prototypical, 17  

Before, awareness, 207  

Benzene ring, 163, 165  

Bias, 203, 232, 238  

Binomial nomenclature, 271  

Birds, genesis, 216-221  

Bistability, 249 
figures, 245, 247  

Bohr's theory, 156, 158  

Books, 49-50  

Botany, 123, 124, 126, 128  

Bottom-up processing, 52, 55, 103 

Brain, 125, 127  

Bramante, Donato, 80, 81  

Broken lines, 225, 228 
 

C 

 

Calligraphers, 40 

Calligraphy, 8 

Callot 
Thirty Year War, 193, 194, 195 
varieties of veridicality, 97, 98  

Cancelleresca, 40  

Candidate invariants, 41, 42, 43, see also Invariance; 

Invariants  

Carburetor, 99, 100 
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Cardiod curve, 30 

Caricature, 17, 75 

Cartesian line graphs, 133 

Cartography, 11 

Catalogs, 271 

Categorization, 262, 263, see also Icons 

Cathode rays, 157 

Catoptric anamorphosis, 81, see also Anamorphosis 

Causal explanation, 155 

Causality, 205-206 

Cause, without motion, 206-208 

Cellular component, 100, 101 

Character design, 42, see also Fonts 

Checkerboard, 252 

Chìien Hsuan, 72-75 

Children's drawings, 77 

Choice, 72 

Choreography, 8  

Christ, 192-193  

Chronophotography, 9  

Circle, 173 

-triangle, 216, 217, 218, 219, 221  

Classification, 122, 270, 271  

Closure, 236  

Clouds, 209-210  

Coding process, 69-71  

Cognition, 63  

Cognitive bias, 203  

Cognitive drag, 200, 226-227  

Cognitive dynamics, 93, 95  

Cognitive effort, 262, see also Icons  

Coincidence of margins, 235, see also Holes, drawing  

Coincidence-explanation principle, 232-234, see 

also Holes, drawing  

Coincidences, 231-234, 235, see also Holes, drawing  

Collusion, 71  

Colonna Traiana, 191  

Color, 111 

Comicstrips, 9, 188, 207, 208  

Common world, 67  

Communication  

aspects, 68-70  

power of arrows, 167-168  

purpose of graphics, 271  

through images, 285-287  

Compass, 143  

Competence, 280 

Complete articulation principle, 234-235  

Complexity, information, 245-252  

Computer icons, 19, 265, see also Icons  

Computer-vision algorithm, 31  

Concave ceiling, 32  

Concavity  

complexity and information, 247, 248, 249, 252  

drawing a hole, 223, 225  

Concrete visibility, 149-155 

Cones, generalized, 220-221 

Connective function, 164 

Conscious experience, 160 

Constancy algorithms, 30 

Construction drawings, 90-91 

Construction rules, 41-42  

Context 

designing and reading icons, 262 

information 

insufficient and contextual help, 51-55  

role in dynamics, 48-50  

source, 276 

playing with rules of writing, 62-64 

what changes the role of visual elements, 55-62 

from words to images, 50-51 

Continuation of direction, 234 

Continuity 

 concept, 155 

graphic images of Node 6, 10 

sequential graphics and representation of events, 

187-188,189  

Contours 

articulation and recognition, 250-251 

complexity and information, 247, 248 

junctions, 258-260 

lines as edges, 107 

Convexity 

complexity and information, 247, 248, 249, 

251,252 

drawing a hole, 222, 224  

vertices and broken lines, 225, 228 

figural ambiguity, 254  

Correspondence of edges, 142-143, 144, 145 

Correspondence of margins, 143-144 

Cosmology, 152  

Crack lines 

structural component of drawing, 107, 

108, 109 

taxonomic drawing, 125 

texture lines as, 111  

Cross-ratio principle, 31-32 

Cues, hole perception, 230 

Culture, 286 

 

 

D 

 

Da Vinci, Leonardo, 35, 36, 37, 39 

Daemons, 219 

Dance notation, 8 

Daphne/Apollo, see Apollo/Daphne story 

Data, 132, 136, 137, 215 

Decoration, 93, 94 

Deformation, 17, 32 

Degree of accidentality, 31 

della Francesca, Piero, 37, 39 

Depictive representation, 161 
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Depth cues 

communicative goals of drawing, 87, 88, 89, 90 

designing and reading icons, 263 

drawings, 97, 98, 100 

holes, 222, 224, 236 

operational drawing, 121 

Desargues, 12 

Descartes, 81, 149, 150, 167  

Descriptive geometry, 15  

Design, icons, 261, 262-263, see also Icons  

Designing, 13 

Diachronic representations, 133, see also Diagrams 

Diagrams 

causes, 152 

function and features, 130-138 

graphic images of Node 11, 12-13 

quantum relationships, 158, 159 

varieties of veridicality, 101, 103  

Dictionary, 49  

Diesel engine, 14, 15  

Dimension 

communicative goals of drawing, 87, 88 

how to see and build the Eiffel Tower, 93, 96 

operational drawing, 118 

perceptions and context, 56  

Dioptric anamorphosis, 81, see also Anamorphosis  

Direct perception 

experiments in perceptual invariants, 31-32, 35 

information from world and back, 277  

Direct projection, 120-121  

Direction, arrows, 168  

Discontinuity, 156, 207-208  

Disorder, 211, see also Time  

Disorganized instability, 251-252  

Displacement 

depiction, 101, 102 

disassembling of human face, 45 

distance between images in sequence, 203, 

204  

Distal state, 120  

Distal stimulus, 243  

Distance 

horizon and perceptual invariants, 30 

images in sequence, 198-204 

instability of sensory registrations, 27 

reliability of maps, 104 

segments and perception of human face, 45, 47 

viewpoint and graphic communication, 114-115  

DNA, 164, 168, 176, 177  

Doodles 

genesis of birds, 216, 217, 218, 219, 221 

unity and diversity in graphics, 280  

Dots, luminous, 29  

Double helix, 164, see also DNA  

Double percept, 206  

Dragonflies, 72-75 

Drawing 

communicative goals, 86-92 

component manipulation, 115-117 

interconnected aspects, 269-270 

internal/external distinction, 147-148 

as means of communication, 279 

taxonomy, 2-4 

two-dimensional surface, 13 

what is, 1  

Duration, images in sequence, 198  

Durer, A., 36, 37  

Dynamic relationships, 154, 167 

 

E 

 

Earth measurement, 9 

Eastern writing systems, 7 

Ecological optics, 28 

Economy of representation, 13 

Edge lines, 107, 111, 118, 125 

Edges, 117 

Eiffel Tower, 92-96 

Einstein, Albert, 163-164, 183 

Electric currents, 173 

Electrical atmospheres, 153, 154 

Electron-positron interactions, 159, 171 

Electrons, 157, 167 

Elkins' theory, 9 

Emitter, 65 

Emphasis/exclusion, 71-77 

Empirical observation, 123 

Emptiness, 236-237 

Enclosure, 203, 204 

Enlightenment, 193 

Entomology, 128, 129 

Environment 

dimensional and role of visual elements, 54, 57, 

59-62, see also Kley; Magritte 

stability and stimulus instability, 27-28  

Epistemology, 268  

Erosion, 202  

Etcetera principle, 111  

Etchings, events, 145, 148  

Euclid, 9-11 

Euclidean geometry, 143, 151  

European art, 72  

European cave etching, 1 

Events 

art and representation, 187-196 

perception of expressive qualities and kinematics 

movement, 206 

phases and communicative power of arrows, 168, 

172 

psychophysical chain, 243 

time as necessity, 186-187  

Experimental conditions, 151 
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Expressive qualities 

distance between images in sequence, 201 

phenomenology of holes, 236 

structural elements in hypothetigraphy, 175 

varieties of veridicality, 101, 103  

Eye movement, 52-53 

 

F 

 

Face 

disassembling, 43-47  

recognition, 221  

Faces vase, 250, 251  

False perspective, 80, 81 

Familiarity, 225 

Fante de Ferrara, Sigismondo, 40  

Feature models, 219  

Feedback, 75 

Feynman diagrams, see also Diagrams  

communicative power of arrows, 159, 

169-170  

use of circles and spheres, 173, 174  

visualization of quantum relationships, 

158, 159  

Fiat automobile, 116  

Fiction, reality of, 77-79 

Figural ambiguity, 252-258  

Figural complexity, 245, 251-252  

Figure-ground 

articulation, 76, 259  

instability, 252, 253  

segregation, 223, 225, 228  

stratification, 222  

Finite distance, 115-116  

Fissure, 237, see also Holes, phenomenology  

Folding, 231, see also Holes, drawing  

Fonts, 38, 40-43, 44  

Force, 151, 152,154,169  

Formation-deformation polarity, 212, 213, 214 

Fracture, 107  

Free fall, 201  

Freehand, 112, 117, 125  

Frontal picture planes, 132 

 

G 

 

Gelb effect, 228, 230-231, 244 

Genetic hardwiring, 67 

Geographic maps, 12, 103-104, see also Maps 

Geometric constructions, 100, 102 

Geometric correspondence, 143, 145 

Geometric diagrams, 145, 147, see also Diagrams 

Geometric figures, 172 

Geometric invariants, 26, 29, see also Invariance; 

Invariants  

Geometric motifs, 272-273, 277  

Geometric optics, 11 

Geometric patterns, 70 

Geometric rules/forms, 5 

Geometric shapes, 200 

Geometry, 9-11 

Geons, 220 

Gestaltists, 201 

Glide reflection, 6 

Global representations, 128 

Goals 

communicative of drawing, 86-92 

how to see and build the Eiffel Tower, 92 

object representation and purpose of 

drawing, 65 

principle of emphasis/exclusion, 75 

true of representation, 71  

Grammar of graphics, 130, see also Diagrams 

Graphic analysis, 238-239  

Graphic communication, 1-2  

Graphic features, fonts, 42  

Graphic images 

drawing holes, see Holes, drawing 

exercises in analysis, 238-239 

fun with genesis of birds, 216-221 

graphs, diagrams, nets, and maps, 130-139 

illustrative drawing, 117-118 

manipulating drawing components, 115-117 

meaning of the game, 239-242 

operational drawing, 118-122 

phenomenology of holes, 236-237 

structural components of drawings, 

104-112 

summary table, 139-140 

taxonomic drawing, 122-129 

time, 211-214 

unity and diversity, 279-287 

varieties of veridicality, 97-104, 105 

viewpoint, 112-115 

what is, 1  

Graphic interfaces, 264-266  

Graphic lies, 136-138  

Graphic marks, 105, 115, 142-144  

Graphic message, 278  

Graphic representation, 70  

Graphics, 11, 12 

function and features, 130-138  

Growth-reduction polarity, 212, 213, 214 

 

H 

 

Harlot's Progress, 193  

Heisemberg, W., 157  

Hierarchy of space, 94, 95  

Histogram, 133, see also Diagrams 

History, diagrams, 131  

Hogarth, William 

art in representation of events, 193, 195 

time as persecutor, 180-183 
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Holes 

drawing 

avoiding coincidences, 231-234  

cognitive drag, 226-227  

complete articulation, 234-235  

concavity of enclosed form, 222-225  

familiarity, 225  

parallelism, 226  

spatial cues, 227-231  

phenomenology, 236-237  

Hooke, Robert, 72-75  

Horizon ratio, 30  

Human body 

depiction of size and context, 56  

movements and graphic images of Node 5, 8  

proportions, 35-38, 39  

representations, 272, 273, 274, 275, 276  

Hydraulic saw, 13, 14 

Hypothetigrapfa, 162, see also Hypothetigrapfay 

Hypothetigraphy 

building, 164-172, 173 

graphic images of Node 22, 20 

graphic mark and visualization of the invisible, 

142  

structural elements, 172-177 

 

I 

 

Iconic communication, 286, 287  

Icons 

analysis, 260-264 

graphic images of Node 5, 7 

graphic images of Node 21,19 

graphic interfaces between men and machines, 

264-266  

Iliad, 189-191  

Illusions, 80, 244, see also Optical-geometric 

illusions  

Illustrative drawing, 86, 88-90, 117-118  

Images 

communication through, 285-287 

context, 50-51 

sequences and time as cause, 205-211 

as unity, 268  

Immediacy of representation, 13  

Impossible figures, 107  

Inclusion, 61-62  

Incongruity, 54, 57, 59-62, see also Kley; 

Magritte  

Induced movement, 203, 204  

Indulgence principle, 33  

Inertia, 152, 154  

Infinite distance, 115, 116 

Information 

-ambiguity 

causes of figural, 252-258  

complexity, 245-252 

contours and junctions, 258-260 

graphic interfaces between men and machines, 

264-266  

icons, 260-264 

psychophysical chain, 243-245  

contextual and complex scenes, 48  

distance between images in sequence, 200 

dynamics and context role, 48-50  

insufficient and contextual help, 51-55  

overabundance and theory of representation, 

67-68  

perceptual invariants, 26-27  

second-hand images, 84  

transformations, 33  

transmission, 69, 72  

visual and richness of graphics, 284  

from world and back, 275-278  

Infusoria, 198  

Inkblots, 51-52, 55  

Insects, 196  

Instability, 252 

Intensity, light, 27, see also Light 

Internal schemata, 244  

Invariance 

difference alphabets, 42  

-transformation 

disassembling a face, 43-47  

experiments on perceptual invariants, 28-32  

perceptual invariants as information, 26-27  

proportions of the human body, 35-38, 39  

reading and designing fonts, 38, 39-43, 44  

rigorous invariants and sloppy invariants, 

33-35  

stimulus instability and environmental stability, 

27-28  

types, 34  

Invariants, 28, 29, 70, 276  

Inverse projection, 120, 121, 122  

Inversions, 223, 225  

Invisible, visualization 

allegorical visibility and concrete invisibility, 

149-155  

building hypothetigraphy, 164-171  

graphic marks and things, 142-144  

mental images, 161-162  

mental models, 162-163  

psychological approach, 160-161  

splendor and misery, 155-159 

stage productions to abstract schemata, 

144-149  

structural elements of hypothetigraphy, 

172-177  

to show what cannot be seen, 141-142  

visual thinking, 163-164  

Iron steamboat, 14, 15  

istoria, 11 
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J 

 

Jewel bracelets, 5 

 

K 

 

Kanlsza's triangle, 16, 244, 245, see also Optical 

illusions  

Klee, Paul, 117,118  

Kley, Heinric, 58-62 

Knowledge 

increase and information, 26 

shared, 68, 69 

social, 70 

spread and printing, 145 

tacit and icons, 261 

transmission of rational and graphic images of 

Node 8, 12  

Kronos, 180 

 

L 

 

Labanotation, 8 

Latitude, 131 

Law of gravity, 241, 242 

Laws of unit formation, 54-55, 63 

Letter A, 41, 42 

Letter X, 40 

Leyton's theory, 208-211 

Life cycle, 128, 129 

Light, 28, 111,243 

Limitations, perception, 84 

Line segment, 50, 51 

Linear perspective, see Perspective 

Lines 

adding and graphic analysis, 238 

cracks, 107, 109 

dimensions characterizing, 112 

edges, 107, 111 

elements of graphic language, 277-278 

number in configuration and complexity, 

246 

objects, 106-107, 111 

taxonomic drawing, 125 

texture, 109-112 

use and function, 105-106  

Linguistic barriers, 260, see also Icons 

Linguistic mode, 69  

Linnaean system, 271  

Locomotive, 281  

Logical positivism, 267-268  

Longitude, 131 

 

M 

 

Machine Arithmetique, 282 

Machines, 92, 93  

Maestà, 192-193 

Magical banisters, 224, 226  

Magnetic field, 155, 156  

Magritte 

insufficient information and contextual help, 

53-54 

role of visual elements, 57, 58-62  

Mannerism era, 17, 145, 272, 275  

Mapmaker, viewpoint, 104  

Maps 

function and features, 130-138 

hand-drawn of roads, 283, 284  

Mass, 151  

Matching, 61-62 

Material context, 64, see also Context  

Material properties, 108  

Mathematical invariants, 28  

Matter, 152, 154,170-171  

Mechanical causality, 155  

Memory, 63, 199-200, 209  

Mental imagery, 146-147  

Mental images, 160-161  

Mental models, 162-163  

Metal beams, 93, 96  

Metallic glass, 165  

Metamorphosis, 200, 201, 222, 223  

Metaperception, 244  

Michotte, A., 205-206  

Microscope, 196  

Mind-body problem, 275  

Moissac cathedral, 225, 227  

Morse code signals, 41  

Mosiacs, 119  

Mosquito, 197  

Motion, 183,203, 204, 205  

Motor control system, 285  

Mouse, computer, 265 

Movement, 138, 184, 185, 186, see also Motion  

Multiple worlds, 66  

Multiplicity of representation, 66-67 

Multistability, 246-252  

Musculature, human, 76, 77  

Musical notation, 7, 282, 283 

 

N 

 

Napoleon armies, 138, 139  

Narration, 192-195  

Natural criteria, 271  

Natural sciences, 129, 241-242  

Nature of representation, 161  

n-Dimensional spaces, 19 

Necessity, time as 

art and representation of events, 187-196 

distances between images in sequence, 198-204 

events, 186-187 

representing scientific events, 196-198 

space, 184-186 
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Net concept, 19-20  

Nets, 130-138  

Networks, 134, 135  

Neural net, 19  

Newton, Isaac 

abstractions of physical forces, 149-151, 

152, 153 

time as persecutor, 183  

Nodes 

1, graphic images, 5 

2, graphic images, 5 

3, graphic images, 5-6 

4, graphic images, 6-7 

5, graphic images, 7-9, 10 

6, graphic images, 9-11 

7, graphic images, 11 

8, graphic images, 11-12 

9, graphic images, 12 

10, graphic images, 12 

11, graphic images, 12-13 

12, graphic images, 13-14 

13, graphic images, 14-15 

14, graphic images, 15 

15, graphic images, 15-16 

16, graphic images, 16 

17, graphic images, 16, 100, 101 

18, graphic images, 16-17, 100, 102 

19, graphic images, 17-18 

20, graphic images, 18-19 

21, graphic images, 19, 260 

22, graphic images, 20  

Noisy images, 31  

Nonaccidental properties, 30-31  

Nonexistent spaces, 80  

Nonisomorphic graph, 19  

Note duration, 7 

 

O 

 

Object-centered description, 114  

Object-centered representation, 282 

Object lines 

operational drawing, 118 

structural component of drawing, 106-107, 111 

structural elements in hypothetigraphy, 175-176 

taxonomic drawing, 125 

texture lines as, 111 

Objects 

icons and graphic interfaces between men and 

machines, 265 

inconsistent/consistent and eye movement fixation, 

52-53 

infinite representations and communicative goals 

of drawing, 88-92 

psychophysical chain, 243 

representation and purpose of drawing, 65 

rigidity perception, 31-32 

shape as clue to history and Leyton's theory, 209 

solid, 15  

Observability, veridicality, 100, 101  

Old Man Time, 179-180, 212  

Olympic Games, 263, 264, see also Icons  

Operational drawing, 118-122  

Operational graphics, 86  

Operative drawing, 14-15  

Optic array 

frozen, 143 

perceptual invariants, 28, 30 

picture perception, 85-86 

theory of representation, 67  

Optic flow, 28, 67  

Optical axis, 113-114  

Optical invariants, 28, 34, see also Invariance; 

Invariants  

Optical transformations, 34  

Optical-geometric illusions, 16, 100, 101, 102  

Optical-geometric information, 26  

Optical-geometric patterns, 106  

Order/chaos, 82 

Order-disorder polarity, 212, 213, 214  

Organizational economy, 224-225, see also Holes, 

drawing  

Orthogonal coordinate systems, 13, 131  

Orthographic projections, 82-83, 120  

Outcome, perceptual, 240, 242, 244  

Outline drawings, 83 

 

P 

 

Palazzo's Spade, 80, 82 

Paleolithic art, history of, 1 

Palladio, 119 

Pandemonium model, 41, 219 

Paper-and-pencil drawings, 16-17, 100, 102 

Parallel lines theorem, 11 

Parallel projections, 29 

Parallelism, 226, 229, see also Holes, drawing 

Parthenon, 99, 100 

Parts, 99, 100,118 

Pascal's cycloid, 277 

Pattern-doodle configuration, 221, see also 

Doodles  

Pattern recognition, 41, 42, 43 

Peano's curve, 277  

People, recognition, 29  

Perception 

ambiguity and operational drawing, 122 

dialectic of emphasis/exclusion, 76 

distance between images in sequence, 200, 201, 

202 

guiding rules, 240 

holes, 223, 227-231 

human face, 44-45 

learning through drawings, 215 
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Perception (cont.) 

mathematical demonstration, 260 

mental models construction, 162 

objects within larger objects, 222 

phenomenology, 243 

picture, see Picture Perception 

psychology of hand drawing, 2 

taxonomy as guide, 270 

theory and invariant formless, 33 

visual, see Visual perception  

Perceptual constancy, 27  

Perceptual instability, 246  

Perceptual invariants, see also Invariance; Invariants 

experiments, 28-32 

Gibson's concept, 34 

graphic images of Node 10, 12 

information, 26-27  

Perceptual mode, 69 

Permanences, 187, 188, 189 

Persecutor, time as, 179-184 

Persistence, 200  

Personality traits, 45  

Perspective 

development during Renaissance, 144 

first approach, 79-83 

graphic images of Node 9, 12 

illustrative drawing, 118 

linear and communicative goals of drawing, 87 

lines as textures, 108 

-nonperspective representations, 114 

operational drawing, 120 

proportions of human body, 35 

taxonomic drawing, 122-123, 125 

Phenomena, 152, 164-165  

Phenomenal causality, 205-206 

Phenomenological status, 236-237 

Phenomenology, 66  

Phonemes, 7 

Photogrammetrical relief, 222, 224 

Physical space, 11  

Physical time, 186  

Physics, 152-154  

Pictography, 7 

Picto-ideo-logographic monograms, 265 

Pictorial cues, 6  

Picture perception 

characterization, 83-86 

graphic images of Node 4, 6-7 

unity and diversity in graphics, 280 

Pictorial turn, 268 

Pie chart, 133, 134, see also Diagrams 

Piranesi, 86, 87, 89  

Pisanello, 98  

Pitch chroma/height, 7  

Planar curves, 272  

Planar geometry, 151 

Plane of representation, 113  

Planetary model, atoms, 156  

Pointwise involution, 12  

Polar graphs, 133, see also Diagrams 

Polar projection, 104, see also Maps  

Population, distribution, 131, 132  

Position, 45, 47, 113-114  

Pozzo, Father Andrea, 80  

Pragnanz, 255  

Precise marks, 175  

Prehistoric cave etchings, 189  

Prejudice, 270  

Pretechnological drawings 

communicative goals, 90-91 

graphic images of Node 12, 13-14 

scientific, 145, 146, 147  

Primary components, 105  

Primary perceptive processes, 5  

Primitive art, 77  

Principle of economy, 229, 233  

Principle of indeterminacy, 87, 157  

Printing, development, 145  

Projectile, trajectory, 145, 147  

Projection planes, 87, 88  

Projective geometry, 12  

Propositional representation, 161  

Proteus mutabilis, 198, 199  

Proximal stimulus, 243  

Proximity, 226, 229, 234 

Psychological approach, visualization, 160-161 

Psychological time, 186, 211-214  

Psychophysical chain, 243-245  

Public places, 260-261, see also Icons 

 

Q 

 

Quality, 75 

Quantity, 10-11,75 

Quantum relationships, 158, 159 

 

R 

 

Rake's Progress, 193, 195 

Ramelli, 13, 14 

Reading, 62, 63, 103, 262-263 

Realism, 66 

Reality, 6, 123 

Recognition system, 32, 218 

Reconstructive function, 164 

Rectangle, 201, 202 

Rectangular spiral, 5 

Redundancy, books, 50 

Reflection, 6 

Regeneration-destruction polarity, 212, 213, 214 

Regenerative growth-destruction reduction, 212, 

213,214 

Relation, 75 
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Reliability, taxonomic drawing, 123  

Religious themes, 192-193  

Renaissance, 36, 37, 244 

Representational art, 3, 5, 6  

Representations 

abstract drawings comparison, 272-275, 

276, 277 

elements and theory of, 66-68  

Represented dimensions, 176-177  

Reproduction, lines, 112  

Retina, 27  

Rigorous invariants, 33-35, see also Invariance; 

Invariants  

Robotics, 28  

Rope stretchers, 112  

Rotation, 6 

Rubin's principle, 224, 226  

Rule of Multiple Rules, 221 

Rulers, 112, 143  

Rules 

designing and reading icons, 262-263 

grammar and creation of diagrams, 130 

hypothetigraphy, 166-167 

taxonomic drawing, 123, 129  

Rutherford, 156, 157 

 

S 

 

Satirical drawings, 17 

Scale, 104, see also Maps 

Scatter plot, 134 

Scenes, information, 48 

Schrodinger, 157 

Scientific events, 196-197 

Scientific illustrations, 145, 278-279 

Scientific notation, 278-279 

Secondary components, 105 

Secular life, 193 

Segments, graphic analysis, 238, 239 

Semantic context, 64, see also Context 

Sense organs, 52 

Sensory registrations, 27 

Sentence, 49 

Sequential graphics, 187-191 

Sewage/pipe lines, 90-91 

sfondato, 80, 100 

Shared knowledge, 68, 69, see also 

Knowledge 

Shear, 29, 36, 37 

Signals, icons as, 260-261, see also Icons  

Size, 56, 57, 276-277  

Slanted rectangle, 121-122  

Sloppy invariants, 33-35, see also Invariance; 

Invariants  

Social knowledge, 70, see also Knowledge  

Sociology, 132, see also Diagrams 

Solid object, 15, see also Objects  

Space 

building hypothetigraphy, 166-167 

n-dimensional and graphic images of Node 

20,19 

-time 

diagrams, 133, 183, 184  

as necessity, 184-186  

Spatial change, 200  

Spatial cues, 227-231  

Spatial depth, 123  

Spatial relationships, 100, 101, 221  

Spatial scale, 93-94, 96  

Spatial structure, 28  

Spatiotemporal properties, 101  

Special-objects, 144, see also Objects  

Spheres, 173  

Spiral rule, 63, 64  

Spontaneous causality, 207  

Spontaneous germination, 196  

Square, 202, 226, 229  

Stability 

environment and role of visual elements, 54, 57, 

59-62 

proportions of human body, 35, 37  

Statistics, 132 

Steinberg, Saul, 75, 110-111  

Stimulus, instability, 27-28  

Stimulus determination, 229  

Storage, information, 1  

Stratification, multiple, 258  

Structural components, 104-112  

Structural descriptions, 219-220  

Structural invariants, 34, see also Invariance; 

Invariants  

Structuralist theory, 160  

Subnode 5, 7-9  

Sumerian tables, 119  

Sumeric period, 1  

Surface 

color, 228,230-231 

graphic images of Node 6, 10 

splits and lines as cracks, 107, 108, 109  

Surrealist painters, 53-54  

Surveying, 13 

Symbolic communication, 286 

Symmetric groups, 5, 6 

Symmetry/asymmetry principles, 209, 210-211  

Synchronic representations, 133  

System of inputs, 70 

 

T 

 

Tableau poléométrique, 132 

Taccola, 13, 14  

Taletes, 11 
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Taxonomic drawings 

discovery of scientific graphic notation, 278-279 

function and features, 122-129 

graphic images of Node 16, 16 

graphical technique and cognition, 269-272 

information from the world and back, 275-278 

not just verisimilitude, 267-269 

representational versus abstract, 272-275, 276, 

277 

unity and diversity in graphics, 279-287  

Template-matching method, 218-219  

Temporal ordering, 200  

Temporal rhythm, representation of events 

Hogarth/Callot, 193, 195-196 

sequential graphics, 188-193  

Temporal sequence, 197-198, 200-201  

Tessellation, 250, 253, 259  

Texture 

complexity and information, 247, 248, 249 

lines 

illustrative drawing, 117  

structural component of drawing, 109-112  

taxonomic drawing, 125  

Theories 

affordances, 101, 103 

light, 11 

magnetism, 149, 150 

nonaccidental properties, 238 

quantum mechanics, 157 

relativity, 163-164, 183 

space, 9-10 

thought processes, 162 

visualization, 158 

vortices, 149, 150 

wave, 157  

Thing/nonthing, 76-77  

Thirty Year War, 193, 194  

Three Graces, The, 281  

Three-dimensional model, 69 

Tiling effect, 254-258  

Time 

cause in image sequences, 205-211 

dimension and use of diagrams, 133 

four ways of thinking about, 178-179 

necessity 

art and representation of events, 187-196  

distance between images in sequence, 198-204  

events, 186-187 

representing scientific events, 196-198  

space, 184-186 

persecutor, 179-184 

psychology and graphics, 211-214 

representation in static images, 279  

T-junctions 

contours, 258-260 

exercises in graphic analysis, 238, 239 

figural ambiguity, 255-257 

hole perception, 229, 235  

Top-down processing 

designing and reading icons, 263 

diagrams, 103 

distance between images in sequence, 199 

insufficient information and contextual help, 

51-52, 55  

Topographic map, 104, 105, see also Maps  

Topological invariants, 29-30, see also Invariance; 

Invariants  

Topology, 18-19  

Trajectories, 101, 102, 168, 170  

Transformation, 28, 29, 185-186, 232  

Transformational invariants, 34, see also Invariance; 

Invariants  

Translation, 6  

Trapezoid, 121-122  

Tree diagram, 3, 4  

Trial and error, 144  

Truth, 180, 181, see also Time 

Truth test, 137 

 

U 

 

Uncertainty, 121-122 

Unknown words, 49 

 

V 

 

Variation, 35, 187-188, 189 

Velocity, 200 

Verbal interactions, 75 

Veridicality, 97-104 

Viewer-centered description, 114 

Viewpoint 

arithmetic machine, 282 

distance, 115-116, 121-122 

graphic communication, 112-115 

position, 115, 118, 120 

structural elements in hypothetigraphy, 177 

taxonomic drawing, 125, 128  

Villard de Honnecourt, 13, 14, 37, 38  

Virtual photon, 159, 171  

Virtual reality, 287 

Visual ambiguity, 245, see also Ambiguity  

Visual buffer, 113  

Visual cognition, 143, 285  

Visual communication, 260  

Visual cues, 211  

Visual elements, 55-62  

Visual experience, 66  

Visual object recognition, 217  

Visual organization, 143  

Visual perception, 27, 83-84, 100-101, 102  

Visual space, 93  

Visual spatial sketch pad, 113 
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Visual surrogates, 78 

Visual thinking, 163-164 

Visualization, 155-159 

Vitruvian man, 35, 36 

Vortex, formation, 168, 171 

 

W 

 
Warfare, 138 
Water pump, 13, 14, 145, 146 

Water wheel, 170 

Wave theory of mechanics, 157 

Wavelength, light, 27, see also Light 

Waviness, 249, 250

Word, meaning, 49 

Writing 

playing with rules, 62-64 

practice and drawing, 1 

system, 7, 8 

Written text, 129, 173, 175 

 

Y 

 

Y-junctions, 258 

 

Z 

 

Zoology, 123, 125, 129 

Zuccari, Federico, 146-149 
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