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Preface 

This book is an altempt to proceed from earlier studies of art lO 

a broader concern with visual perception as a cognitive activity-a 
reversal , one might say, of the historical development that led in the 
philosophy of the eighteenth century from ai.Hhesis to aesthetics, 
from sensory experience in general to the arts in particular. 

My earlier work had taught me tliat artistic activity is a form of 
reasoning, in which perceiving and thinking are indivisibly inter
twined. A person who paints, wriles, composes, dances. I feh com
pelled to say. thinks with his sen ses. This unjon of perception and 
thought turned OUI to be nOl merely a specialty oflhe arts. A review 
of what is known about perception, and especially about sight, made 
me realize that the remarkable mechanisms by which the senses 
understand the environment are all bul identical with the operations 
described by the psychology ofthinking. Inversely, there was much 
evidence that truly productive thinking in whatever area of cognition 
takes place in Ihe realm of imagery. This similarity of what the mind 
does in the arts and what it does elsewhere suggested taking a new 
look at the long-standing complaint aboul Ihe ¡solalion and neglect 
of Ihe arts in sociely and education. Perhaps the real problem was 
more fundamental: a split between sense and thought, which caused 
various deficiency diseases in modem mano 

There was no way of approaching so vast a problem without gel
ting ¡n volved uncautiously in numerous branches of psychology and 
philosophy, the arts and the sciences. An overview was needed , a 
tentative confrontation, requiring ideally a professional competence 
in al1 these fields of knowledge. But to wait for the ideal meant to 
leave the urgent task un done. To undertake it meant to do it ¡ncom
pletely. I could not hope to survey all the pertinent material nor even 
be sure that I would discover the most telling evidence in any one 
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area. Fortunately. since the problem had attracled me darkly for 
several decades, 1 had by now accumulated boxes filled with refer
ences, from wl,ich a slart could be made. With a bit of beginner's 
luck I could hope to establish my case sufficiently. 

11 is in Ihe nalure of such an enlerprise Ihal il suggesls connee
lions where distinetions are cherished by many. Among those who 
cultivate rhe senses - espeeially among artists - nOI a few have come 
to di slrusl reasoning as an enemy or al besl an alieno and practition
ers of theoreticallhoughl like 10 think that their operations are be
yond the senses. Therefore, both parties view Ihe reunion of scnse 
and reason with diffidence. I could nol go along with Ihe view that 
the arts are 10 be kepl locked up in a sacred precinct. privileged wilh 
Iheir own exclusive purposes, laws, procedures. Ralher I am con
vineed (har art cannat exist anywhere unless il is a property of every
Ihing perceivable. I also mUsl expecI many an experimenlalist to 
feel uncomfortable with the idea thal produelive thinking ignores 
the property lines between the aesthetic and Ihe scientific. But this 
is what will be presupposed in Ihe following. 

If one asserts that productive thinking in philosophy or science 
consists in lhe shaping of images. one may seem lo c1ing naively lO 
Ihe primitive bcginnings of human reasoning, when Iheories were 
den ved from Ihe sensory form of what was perceived or imagined. 
BUI although Ihere may be a difference in principie between Ihose 
early explorations of nalure and Ihe techniques of processing dala in 
our lime. Ihis difference may nol be relevant for Ihe crucial thought 
operations of discovery and in ve nI ion. 

On the olher side of Ihe proper1y line, Ihe assertion tha! art is an 
inslrument of reasoning will hardly convince those who would use il 
as a means of withdrawing from rational order and from the chal; • 
lenge of problems. Therefore I will state from the outset that this 
book concentrales on Ihe truly creative aspecIs of the mind and 
has littJe 10 say about other uses 10 which Ihe instruments ofart and 
science are puto legitimately and inevitably, in sludios, studies, or 
laboratories. 

Perceptual thinking quile in general needs to be considered. Nev
ertheless I have limited this book to the sense of sight. which is lhe 
mosl efficient organ of human cognition and lhe one 1 know best. 
More comprehensive accounts will have 10 deal with Ihe specific 
powers and weaknesses of the other sensory modalilies and with the 
intimate cooperation among al1 the sen ses. Such a fuJler treatmenl 
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of the subject will also show how widely human beings and animals 
explore and comprehend by acting and handling rather than by mere 
contemplation, which is after aH arare slance. 

In the chapters dealing with the general psychology of perception 
I refer only briefly lo facls Ihal are discussed with more leisure in 
Art olld Vi.wal Perception. A few earlier essays, reeenlly eollected 
in TOlVard a PsycJlOlogy 01 Art.laid sorne oflhegroundwork for the 
presenl book. nOlably those on perceplual abstraerion. on abstract 
language, symbols of interaetion, and "The Myth of the Bleating 
Lamb." 

A gran! from the Arts and Humanities Program of the United 
States Offiee of Education for a study of visual faetors in eoneept 
formation enabled me to supplement the bibliographie research from 
whieh the present study developed. To a fellow psychologist, Dr. 
Alice B. Sheldon of George Washington University, I owe more 
thanks than anybody should owe 10 a friend and colleague. Dr. Shel
don has scrutinized everyone of my many and often long sentenees; 
she has eheeked on sorne of the facts, improved structure and logic, 
and sustained the author's morale by her raith in lhe ultimate reason
ableness of whal transpired frcm his efforts. Wherever the reader 
slumbles. she is likely nol lo have had her way. 

As I said, I wish Ihat Ihe Iheoretieal assertions of Ihis book were 
more fully documented. I regret even more thar the book remains 
so Iheoretical. If its thesis is sound, it has tangible consequences, 
partieularly for edueation in the arts and sciences. But lo spell out 
these practical applications more rldly would have meant to exlend 
the end of the book beyond all proportion. I can only say that Ihe 
din of classroom and laboralory and the smell of the studio. barely 
perceivable in these pages, are remote neither from the mind of the 
author nor from the subject he tries lo treal. 

Harvard Ulliversiry 
Carpelller Center for ,he Vi,mal Arrs 
Cambridge, Massaclwsells 
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1. Early 5tírrings 

Reasoning, says Schopenhauer. is of feminine nature: it can give 
only afler it has received. Without information on what is going on 
in time and space the brain cannol work. However. ir ¡he purely 
scnsory ref1ections of the things and events of (he ouler world oc
cupied ¡he mind in their félW state ¡he inrormation would be of titile 
help. The endless speclacle of ever new particulars mighl stimu lale 
bul would nol ¡ostruc! uso Nothing we can lcarn aboul an individual 
thing is of use unless we find generality in the particu lar. 

Evidently then Ihe mind. in order 10 cope wi lh the world. mus! 
fulfill two funclions. It mus! gathcr inFormation and il mus! process 
jI. The two functions are neally separate in Iheory. but are they in 
practice? Do they divide the sequence of the process into mutually 
exclusive domains as do the functions of the woodcutter, Ihe lllmber 
yard, and the cabinelmaker, or Ihose of Ihe silkworm. (he weaver. 
and Ihe tailor? Such a sensible division of labor would make Ihe 
workings of Ihe mind easy lo lIndersland. Or so il seems. 

Actua ll y, as I shall have occasion lO show. Ihe coll aboration of 
perceiving and thinking in cognition would be incomprehensible 
if such a division existed. I shall suggest Ihal on ly because per
ception gathers Iypes of things. that ¡s. concepls. cCln perceptual 
malerial be used for thought: and inversely, that unless the stuff of 
Ihe senses remains present the mind has nothing 10 think with. 
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Perl'epl;O" IOrtlfrom lhilll..illg 

Nevertheless we find ourselves saddled wilh a popular philosophy 
Ihal insisls on the division. Not thal anybody denies Ihe need of 
sensory raw material. The Sensualist philosophers have reminded 
us forccrully Ihat nOlhing is in the inlcJlccl which was not previously 
in the sen ses. However. even they considered ¡he gathering of per· 
ceplual data 10 be unskilled labor. indispensable bUI inrerior. The 
business of creating concepls. accumulating knowledge. connecting. 
separaling. and inferring was reserved to the "higher' cognitive 
functions of the mind, which could do Iheir work only by with· 
drawing from all perceivable particulars. From medieval phi los· 
ophers, such as Duns Scotus. ¡he rdlionalisls of the sevenleenlh 
and eighteenlh centuries derived the nolion ¡hat Ihe messages of 
the senses are conrused and indislincl and that il takes reasoning 
lO clarify Ihem.lronically enough. Alexander Baumgarten. whogave 
the new discipline of aesthetics ils na me by i.ls~erting Ihal percep· 
lion. jusI as reasoning. could attain a sIal e of perfeclion. conlinued 
nevertheless Ihe tradition or describing perception as the inferior 
of the two cognitive powers because il supposedly lacked the dis· 
tinctness thal comes only from ¡he superior facully of reasoning. 

This view was nOI limiled lo Ihe theory of psychology. It had 
application and support in the traditional exclusion of ¡he fine arts 
from ¡he libenll Arts. The Liberal Arts. so named beca use they 
were the only ones worthy of being practiced by a free mano dealt 
with I .. nguage and mathematics. Specifically. Grammar. Dialectic. 
and Rhetoric were Ihe arts ofwords: Arithmetic, Geomelry, Astron· 
omy. and Music were based on mathematics. Painting and sculplUre 
were among ¡he Mechanical Arts, which required labor and crafts· 
manship. The high esteem of music and ¡he disdain of the fine arts 
derived. of course. from Plato. who in his Repllblic had recom· 
mended music for Ihe education or heroes because il made human 
beings partake in the mathematical order and harmony or the 
cosmos. localed beyond {he reach of the senses: whereas Ihe arts. 
and particul::lrly painting. were 10 be Ireated wilh cau{ion because 
Ihey slrengthened man's dependence on illusory images. 

Today, Ihe prejudicial discrimination between perception and 
¡hinking is still Wilh uso We shall find it in examples rrom philosophy 
and psychology. Our entire educational syslem conlinues lo be 
based on the sludy or words and numbers. In kindergarten. to be 



EARLY STIRRINGS 3 

sure, our youngsters learn by seeing and handling handsome shapes, 
and invent their own shapes on paper or in elay by thinking through 
perceiving. Bul wilh the first grade of elementary school the sen ses 
begin to lose educational status. More and more the arts are con
sidered as a training in agreeable ski ll s, as entertainment and mental 
release. As the ruling disciplines stress more rigorously the study of 
words and numbers. their kinship with the arts is increasingly ob
scured , and the arts are redueed lo a desirable supplement: fewer 
and fewer hours of the week can be spared from the study of the 
subjects thal, in everybody's opinion, truly matter. By the time the 
competition for college placement becomes acute, il is arare high 
school that insists on reserving for the arts Ihe time needed to make 
their praclice at all fruitful. Rarer still is the institution at which a 
concern wilh the arts is conseiously justified by the realizalion Ihat 
Ihey conlribule indispensably lo Ihe development of a reasoning 
and imaginative human being. This educalional blackoul persists 
in college, where the art studcnt is considered as pursuing separate 
and inlellectually inferior sk ills, although any "major" in one of the 
more reputable academic arcas is encouraged to find "healthy 
recreation" in the studio during sorne of his spare hours. The arls 
for which lhe bachelor and the master are certified do nol yet in
elude the creative exercise of the eyes and hands as an acknowledged 
component of higher education. 

The arts are neglected because they are based on perception, 
and pcrceplion is disdained because il is nol assumed lo involve 
thought. In fac!. educators and administrators cannot justify giving 
the arts an important position in the cu rriculum unless they under
stand that (he arts are Ihe most powerful mean s of strengthening 
the perceplual componenl without which productive thinking is 
impossible in any field of endeavor. The neglect of the arts is only 
the most tangible symptom of Ihe widespread unemployment of 
the senses in every field of academic study. Whal is most needed 
is nol more aesthetics or more esoteric manuals of art education 
but a convincing case made for visual thinking quite in general. 
Once we undersland in theory, we might try to heal in practice the 
unwholesome split which cripples the training of reasoning power. 

Historians can tell us how this curious distinction originated and 
how it persisted through the ages. On Ihe Hebrew si de of our tradi
tion, the story of a long hostility against graven images begins with 
the destruction of a piece of sculpture . that golden calf which Moses 
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burnt in Ihe lire. and ground 10 powder, and sl rewed upon the water. 
and made the children of Israe l drink of it. To trace the whole story 
in thi s book would mean 10 rewrite a major part of the hi story of 
European philosophy. I shalllimit myse lf lO a few examples of how 
the problem was refleclcd in Ihe wrilings of sorne Greck thinkers. 

At ca rly stages of refinernem. the human mind tends 10 lake psy
chological phenomena for physical things or events. Thus the split 
I am talking abau! was loca ted by lhe early thinkers not in the mind 
bUL in Ihe outside world. The Pylhagoreans bclieved that Ihere 
was a difference in principIe between Ihe realm of the heavens and 
existence on ear1 h. The course of the stars was permanent. pre
dictable in ¡he ]awful recurrence of Ihe Same. Simply shaped bodies 
rOlaled along geomelric::tlly perfcet palhs. It was a world governcd 
by basic numerical ratios. However. the sublunar world. in which 
Ihe mortal s dwelt . was the disorderly selting of unpredictable 
changes. Was i¡ ¡he purily of the shapes and the reliabilit y of the 
evcnts observed in astronomy and mathematics that made the Py
Ihagoreans conceive of a dicholOm y between the heavenly and the 
lerreslríal worlds? Were ¡hey still under the influenee of the notion. 
found in primitive thinking everywhere. thut Ihe happenings in 
n:Hure and human cxistence are governed by individual causes 
ralher than by general laws'! But the Greek philosophers of ¡he 
sixth century were nOI primitives. and Ihey did possess lhe coneept 
of lawful order in ¡heir astronomy. 

Nor I,;an il be ~aid ¡hal the wurhJ of ¡he I;en!:>c:-. prc!:>enl<" ihclf in
evitably as a spectacle of disorder and irrationalilY. For cxample, 
Ihe C hinc :-.e Ihinker .. of the laoislic and Ihe yin-yang \chools al 
roughly ¡he same lime and perhap .. al a .. imilar Slage of Iheir cu lture 
:-.aw the worlú of Ihe :-.en:-.e:-. pervaded Ihrougholl l by the interp l¡¡ y of 
cosmic forees. which ruled Ihe sta rs and ¡he season .. <lO¡ well as Ihe 
smallesl Ihing and ac¡ion on earth. Fauhy conducl could produce 
d¡~cord and !:> Irife . bul ¡he ¡nfanl was born neare .. t to ¡he Tao. and 
underlying human fumbling Iherc was the law of AH. Thuo¡. Ar1hur 
Waley wriles in his book on the Tao Te King: 

The wheelwright. Ihe carpcntcr. Ihe hUlcher. Ihe bowman. Ihe ~wimmer. achieve 
Iheir lokin nOI by ilccunlu laling facb concerning Ihcir arto nor by Ihe energetic use 
ei thcr of mu~c1el<o or outward ,ense~. bUI through utili1.ing Ihe fundamenlal ¡"in~hip 
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which, undemealh app:trenl distinclions and diversilies, uniles Iheir Qwn Primal 
Sluff 10 the Primal SlUff of the medium in which Ihey work. 

Even in the West, however, the separation of the physical world 
into Iwo qualilatively different realms did not prevaiJ. Evenluall y, 
the visible difference between the calculable order of the heavens 
and the endless vafiely of earthly shapes and events was imputed 10 
the inslruments of observation, namely. lo the human sen ses, which 
provided the information. Perhaps what the eyes reported was nol 
true. After all. Parmenides. the Eleatic philosopher, had insisted that 
there was no change or movement in Ihe world although everybody 
saw the Opposile. This meant thal sensory experience was a decep
tive illusion. Parmenides called for a definile dislinction between 
perceiving and reasoning, for il was lo reasoning that one had to lcok 
for the correction of the senses and the establishment of the truth: 

For never shall lhis be proved. Ihal Ihings Ihal are nOI are: bul do Ihou hold back 
thy Ihought from this way of enquiry. nor lel CUSlom, born of much experience, 
force Ihee 10 lel wander atong this road thy aimless eye. thy echoing ear or Ihy 
longue: bul do Ihou judge by reason the strife-encompassed proof Ihal t halle 
spoken. 

Examples were easily found to show Ihat perception could be mis
leading. A st ick dipped into wate r looked broken. a distant object 
loeked small; a persen ill withjaundice saw things yellow. Democri
tus had taught that since honey tasted biuer to sorne, sweet 10 olhers, 
there were no such th ings as bitter and sweet in themselves. The 
sensations of warm and cold or of color existed only by convention 
whereas in reallty lhere was nothing bUI atoms and Ihe void. Empha
sis on Ihe unreliabililY of Ihe senses served the Sophists to support 
their philosophical skepticism. Bul il sure ly helped at Ihe same lime 
10 establi sh Ihe nOlion of an undivided physical world, uniled by 
natural law and order. The chaotic variety of the terrestrial world 
could now be attribuled to a subjective misreading. 

Undoubtedly, Westem civi li zat ion has greatly profited from (he 
distinction be(ween (he objectively exisling world and (he percep
tion of it. It is a distinclion that established the difference between 
the physical and the mental. It was (he beginning of psychology. 
Psychology, as it carne 10 be practiced, has cautioned us nOI to iden
tify innocently the world we perceive with (he world (hat "rea ll y" 
is; bul it has done so al the risk ofundermining our trustful familiarity 
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wilh lhe reality in which we are al home. The firsl greal psycholo
gisls of Ihe West. after all, were the Sophisls. 

The Greek Ihinkers were subtle enough nol 10 s imply condemn 
sensory experience bUllO dislinguish between Ihe wise and Ihe un
wise use of it. The criterion for how lo evaluate perception was sup
posed 10 come from reasoni ng. Heraclitus had warned thal "bar
barian souls" cannOI correctl)l interprel Ihe senses: "Evil wilnesses 
are e)les and ears for men. if the)l have souls thal do nol undersland 
lheir language." Thus, Ihe split overcome in Ihe conception of Ihe 
ph)lsical world was now inlroduced inlo Ihal of Ihe mind. JUSI as Ihe 
realm of arder and trulh had been be)lond Ihe range of life on eal1h. 
so il was naw beyond the real m of Ihe senses in Ihe geography of Ihe 
inner world. Sensory perception and reasoning were established as 
anlagonisls, in need of each olher bul differenl from each olher in 
principIe. 

By no means. however. were Ihe Greek philosophers unaware of 
Ihe problem this di slinction crealed. They were unwilling to exalt 
reason dogmalically al the price of deprecating Ihe sen ses. Democri
IUS seems lo ha ve faced Ihe dilemma most direclly. He di stingui shed 
Ihe "dark" cognition of Ihe se nses from Ihe "brighl" or genuine cog
nilion by reasoning bul had Ihe senses address reason scornfull y as 
follows: "Wrelched mind , do )lou. who get )lour evidence from us, 
yet Iry 10 overthrow us? Our overthrow will be your downf.dl." 

PltllO oflll'o mi/ICh 

In PlaLO's dialogues. an ambiguous attitude expresses itself in two 
quite differenl approaches which coexist uncasily. According loone 
of Ihem, the slable entities of objeclive exislence are approached by 
whal we would call logical operations. The wise man survcys and 
conneClS widely scatte red forms (idl'Us) of things and discerns in
tuilively Ihe generic character they have in common. Once he has 
collecled these forms he also dislinguishes Ihem from each olher by 
defining the particular nalUre of each. We nole thal, according 10 

Plato , this procedure calls for more than Ihe skill of manipulaling 
concepts. The comOlon characler is nOI found by induction. thal is. 
by mechanically Iracking down elements shared by all species and 
by subsequently compounding lhese elements 10 a new whole. 
Rather , in arder [O find it one musl discern the 100alily afthat generic 
form in each particular idea. as one makes OUI a figure in an unclear 
image. Furthermore, this operation refers lo generic forms only, nol 
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to the particular instances perceived by the senses. There remains 
the question of how these forms come to be known sinee sensory 
experiences can deceive uso 

Plato's attempt to anive at stable generalities through logicaJ 
thoughl operations is complemented and perhaps contradicted by 
his deep belief in the wisdom of direet visiono Here, then, we have a 
seeond approaeh. which is expressed in the parable of the under
ground den. The prisoners , formerly limited to the sight of the pass
ing shadows, are "released and disabused of their error." They are 
made to look at the objeets of true reality and Ihey are dazzled by 
them as though by a strong ligh!. Gradually they become aceus
tomed to facing and aecepting them. 

When Plato tells this story of iniliation he i5 nol merely speaking 
figuratively. The grasp of reality by direct vision is eoneretely ae
knowledged in the doctrine of anamnesis. In the Meno. Socrates 
demonstrates that "all enquiry and alllearning are bUI recollection." 
The soul , being immortal and having been born many times 

and having seen all Ihings thal exisl. whether in this world or in the world below. 
has knowledge of Ihem all; and il is no wonder thal she should be able 10 call 
10 remembrance all Ihal she ever knew aboul vinue. and abou t everylhing: for 
as all nature is akin. and Ihe soul has learned all things. there is no difficulty in 
her eliciting. or as men say learning. out of a single recolleclion all Ihe rest . 

Plato is nOI speaking here of what he usually means by "knowing 
from experience." He speaks of "gazing upon Irulh ," Ihat is . "the 
very being with which lrue knowledge is concerned: the colorless, 
formless, intangible essence, visible only ro mind, the pilot of the 
sou!." This is purified perceplion of purified objects- bul il is per
ceplion nevertheless. In the Pllllido, Socrates speaks characteristi
cally of blindness. of "Iosing the eye of his mind" when he warns 
against Ihe danger of trusting the senses. lt is a case of renouncing 
one kind of perception in order lo save anolher. 

One hardly furthers one's underslanding of Plato's posilion if one 
tries to eliminate the "contradiction" between his two approaches. 
The modero reade r can soften his uneasiness by assuming Ihat the 
dilemma derives from the difference belween Ihe views of Plato him
self and those ofSocrates. his protagonisl: or ¡hat Plato's convictions 
shifted in the course of his life: or Ihal he spoke of direct vis ion nol 
literally but only metaphorically. Such attempts to adapl the Greek 
phiJosopher lo Ihe lidy alternatives of modern thinking can only 
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obscure our understanding of thi s complex figure- aman impressed 
by a first glimpse of the power of logical manipulations and affected 
by the suspicion against the senses while al the same lime c10se 
enough lO Ihe primary experience of knowing by seeing. 

It is not necessar)' for our purpose lo decide to what extent 
Ihe split in Plato's view of Ihe world was still P)'thagorean, Ihat ¡s, 
on tological and to what extent it was airead)' psychological in the 
manner of Protagoras, the Sophist. Oid Plato hold Ihat the individual 
objects accessible 10 the senses a re in themselves "imperfect," that 
is, inconstan!. unreliable , and therefore responsible for the inferiorily 
of the images received through Ihe senses? Or did he believe that the 
stability of the objectively existing archetypes reaches allthe way 
down 10 those particular entities from which the senses derive their 
information and that the deplorable di stortion of realil)' occurs only 
in the process of perception? Whichever Ihe answer, what matters 
i!oo lhat the mislrust of ordinary perception marks Plato's philosophy 
profoundly. He went so far as to exclude Ihe sensory images entirely 
from the hierarchy thal leads from the broadest generalities 10 the 
tangible particulars. The tree of logical dilferentiations ended. 
for him. al the level of the specie ~. The sensory images were dim 
reftections oUlside of the system of reality. In order 10 protit from 
what the senses offer one had 10 follow the example of the mal he
maticians. who make use of Ihe visible shapes and reason aboul 
Ihem although "Ihey are Ihinking nOI of these bul ofthe ideas which 
they resemble." True visíon is dC5cribcd in a pas'iage in which il i5 
referred to a~ an ¡lIustrat ion of how the soul shou ld behave toward 
the Supreme Good: 

And ¡he soul b like the c)'c: when resling upon that on which truth and being 
shi ne. the !>oul perceives and unden;tam,b and i1> radiant wi lh intetligence: but 
when IUrneJ loward~ the Iwilighl ofbccoming and per¡~hing" then she hall opinion 
only. and goc .. btinking aboul. and is !irst of one opinion and then of anOlher. and 
seems 10 have no intelligence. 

A riSlor/e J;'OI/l h('/(III" (I/ul./i·o", /¡f)(ll'/' 

A simi larly complex altilude toward .. \cnsory experience i~ found 
in Arislotle's Ihinking. On the one hand il is he who introduce., the 
notion of índuction-in ¡he modern sense 01' knowledge gained 
Ihrough Ihe co lleclion of individual in.,tances. Therc are animal:>.. he 
says. who can remembcr what their !>,cn~e ... havc perceived. and 
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arnong these anirnals there are sorne spec ies endowed with the 
" power of syste matizing" sensory experiences as they recur 
frequently. This systemati zing, he says. operates like the stopping of 
a rout during a battle: first one rnan makes a stand and then anolher, 
until the original fo rmation has been restored. Through induction. 
then. which " proceeds through an enumeration of all the cases." 
we arri ve at Ihe conception ofthe higher genera by means of abst rac
tion. Abstraction removes lhe more particular a!tributes of the more 
spec ific instances and thereby arrives al Ihe higher concepls. which 
are poorer in content but broader in range. This sounds familiar 
and modern enough. 11 introduces the notion of abstraction as 
involving an increasing distance from immediate experience. It 
supplies the emptied generalizations which have made modern 
sc ience possible. These generalizat ions limit themselves to what all 
instances of a famil y of cases have in common and ignore everything 
else. They are Ihe very opposile of Ihe Platonic genera. which 
becorne fuller and richer the higher the y are located in Ihe hierarchy 
of ""ideas." 

Yel to see in Aristot le nothing but the progenitor of modern 
scientific abstraclion wou ld be most mislead ing. His curious ex
ample of lhe baltle rout is significan! enough. 11 describes induclion 
as (he resloralion of a n "original formalion," Ihat is, as a way of 
attaining access 10 a pre-existing ent ity , to which lhe indi vidual 
cases relate as do the parts 10 a whole. 11 is true Ihal Aristotle was 
the first Ihinker lo recognize Ihal sub sl<\nce is nowhere buI in 
individual objecls. He thereby furnished the basis for our knowl
edge Ihat nOlhing exists beyond individual existences. However, 
the indi vidual case was by no means abandoned to its particular 
unique ness. from which only generalizing thought could redeem 
il. Immediately after describing the procedure of induct ion Aris
lotle wriles lhe remarkable senlence: 

When one of a numbcr of logically indiscriminable paniculars has mude a stand. 
the earliesl universal is present in the sou l: for though the aCI of sense-perceplion 
i~ of the particulilr. ils contenl is universal-is mano for example. nol ¡he mao 
C:,IIi¡, ~. 

In other words. Ihere is no such Ihing as the perceplion of the 
individual object in Ihe modero sense. " Perceplion as a facult y," 
Arislotle says elsewhere. "is of 'Ihe such ' and nol merely of a 'this 
somewhal:" i.e .. we always perceive. in the particulars. kind.'· of 
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thing. general qualilies. rather Ihan uniqueness. Therefore. al· 
though under certain conditions evenls can be underslood only 
when Iheir repealed experience leads 10 generalization by induction. 
there are also instances in which one act of vision suffices to termi
nate our enquiry because we have "eliciled the universal from 
seeing." We see ¡he reason of wha! we are trying lo understand 
"al the same time in each instance and intuit that it must be so in 
all instan ces:' This is the wisdom of the 1I1/;¡'N.wle;1I ri', as it was to 
be called later. the universal given wilhin Ihe particular object 
itself-a wisdom which our own theorizing is struggling lo recover 
in its concern with We.H' fI ,\'l'clulII. i,e .. the direcI perception of e~
sences. 

Aristolle is rightly credited with having impre .. sed the need for 
empirical research upon the occidental mind. But Ihi~ demand is 
correclly understood only if one remembers at ¡he ~ame time Ihal 
he saw Ihis approach "from below" as only one .. ide of the ta<¡k. to 
be complemented symmelrically by Ihe oppo<¡ite approach "from 
above." Ab~traction must be complemented with definition. which 
is the dctermination of a concept by deriving il deductivcly from 
the higher genus and pinpoinling it through its distingui ... hing ato 
tribute (differentia). In fael. when Ari .. totle lalked about thinking 
he referred lo Ihe syllogism. that ¡s, lO the art of making a state
ment on a panicular case by consulting a highcr genemlity, This 
again was deduclion. Characleri<¡¡ically enough. in Ihe nineleenth 
cenlury Ihe syllogism was accur;¡ed of begging lhe que~lion by 
prescnling as a ncw piece of knowledge whal wa~ already contained 
in Ihe majar premi!)e. This accu<¡~lIion pre'\upposed that ¡he gen
erality of Ihe major premise had come abaut Ihrough induction. 
Ihal is, Ihe diligent collection of all individual instances. of which 
indeed Ihe case of Ihe minor prcmi~e would have been one. We can 
be confidenl that Arislotlc's acule mind would h:we spotled such 
a fiaw himself. (flhe difficulty did nOI arise il i~ probably becallse for 
him Ihe universal ("that which is of such a nature as 10 be predicaled 
of many subjecls") was nOI necessarily dl'ri1'l'd .fi'Olll Ihose many 
subjecls by colleclion. For instance. using a physician lo illuslrate 
his poin!. Aristotle Slates Ihal if he "has Ihe Iheory wilholll Ihe 
experience. and recognizcs the universal bUI does nOI know the 
individual included in Ihis, he will often fail to cure." Wilh all due 
respect for induclion. Ihe universal was "what is always and cvcry
where," and the term cm/¡'¡'%/l (calholic). which Arislolle used. 
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was based on a root signifying "whole" and carried no connotation 
of a sum of particulars. 

This was stí ll thoroughly Platonic, of course: but Aristotle went 
beyond Plato in demanding a more active relatíon between ideas 
and sensible things. belween universals and particulars. In Plato's 
version of Ihis relation. Ihe immutable enlilies and sensory ap
pearance had coexisted rathcr static<lll y. Aristotle asserted that 
in order for any perceivable object to come aboul a universa l h<ld 
to impress it se lf upon the medium or substance. which in itself was 
shapeless and inert. except for its desire to be thus impressed. This 
generative process by which the possible form acquired actual 
existence was called by Aristotle l'Iul'iec/¡y, a word which implied 
the bringing about of a state of perfection. It was a thoughl that 
gave a new vitality 10 the ontological status of the universals. They 
became creators. The world of substantial objects was generated 
as a sculptor imposes shape upon inert matter, and ¡he perceivable 
things contained the universals not only through the inluition of the 
observer bu! embodied them actually, through the nobility of their 
birth. 

This is not to say that Aristotle simply returned to the senses a 
dignity which Plato had taken <lway from them. The "static co
existen ce" of the transcendental ideas and sensory appearance in 
Plato's doctrine was after all a relation between prototype and 
image, imperfect though the image was considered to be. This 
relation W<lS, to some extent. replaced by the genetic connection 
which Aristotle postulated between universals and particulars-a 
connection which did not deny the image function of sensory ap
pearance bu! made it les s exclusive. The son is the product of the 
father. not merely his effigy. 

Aristotle nOI only established the universal <lS the indispens<lble 
condition ofthe individuallhing's exislence and as Ihe very characler 
of the perceivable object: in doing so he al so rejected and avoided 
Ihe arbilrary choice of the attribules Ihat can serve as the basis of 
a generalization when induction is intended in its strict. mechanical 
sense. Strictly, any common attribute, relevant or not. could be 
used for this purpose ir the generalization depended simply on 
similarities which someone happened to discover and single out. 
Instead, the generality within the particular case was to Aristotle 
an objectively determined fac!. The qualities an object shared with 
others of it s kind were not an incidental similarity bul the very 
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essence of the object. What was general in an individual was the 
form impressed upon it by its genus. Therefore, this generality was 
not defined as what the individual shared with olhers bUl as what 
"matlered" about il. The double meaning of our word "matter" is 
significan ti y present in Aristolle's thought: matter is that which 
matters. Or, to use another term often resorted to by the translators, 
"substance" is that which is "the subslance of" a thing, ils essence. 
Being, then, was not defined-Ihe way we are laught lO do il-as a 
property of jusI anything endowed wilh material substanliality. An 
objecl existed only to Ihe exlent of its essence since the being of Ihe 
objecl was nothing bul whal had been impressed upon Ihe amor
phous raw material by its form-giving genus. The object's accidental 
properties were mere impurities, the inevitable contribUlion of the 
raw maleria!. The form lost sorne of its purily by embodying ilself: 
but Ihe resulting impurities did nOI be long lo the being oflhe object. 
They did not maller. 

This noble conception is not usable for us in ils rnetaphysical for
rnulalion. BUI most relevant is the basic experience and conviClion 
which il cxpresses. Aristolle asserts that an object is real to us 
through its true and lasling nalure. not through jls accidenta l, 
changeable propertics. Its universal character is directly perceived 
in it as ils essence ralher Ihan indirecl ly collectcd through the search 
of common elemenlS in Ihe various specimens of a species or genus. 
And when a perceptual generalization is to be made, it can only be 
done by recognizing the common essence of the specimens. Shared 
accidcnlals cannot serve as the basis for a genus. 

Although Ihe Greek philosophers conceived ¡he dichotomy of 
perceiving and reasoning. il cannot be said Ihal Ihey applicd this 
notion wi th the rigidity the doc.¡rine assumed in recent centuries 
of Western thought. The Greeks learned 10 distrust the senses. bUI 
Ihey never forgot that direct vision is the firsl and final source of 
wisdom. They refined the lechniques of reasoning. bUI Ihey also 
believed Ihat. in (he words of Aristotlc. "Ihe soul never thinks 
wilhout an image." 



2. 

Perception as cognition 

lhe Infelligence of 
Visual Perception (i) 

The tille of this chapler may seem 10 contaio an obvious contra~ 
diction. How can Ihere be intelligence in perception? Is ROl intelJi
gence a matter of thought? And does nol thought begin where Ihe 
work of the scnses ends? Precisely thesc assumptions will be 
questioned in what follows. My contention is tha! the cognitive 
operations called thinking are nOI Ihe privilege of mental processes 
aboye and beyond perception bUI the essential ingredients of 
perceplion itself. I am referring 10 5uch operations as active explora
tion , selection, grasping of essenti als, si mplificatían, abstraetíon, 
analysis and synthesis. completion, correction , comparison. problem 
solving, as well as combining, separating. putting in context. These 
operations are nol the prerogative of any one mental function: they 
are the manner in which the minds of both man and animal treat 
cognitive material at any level. There is no basic difference in this 
respect between what happens when a person looks at the world 
directly and when he sits with his eyes closed and "thinks'" 

By "cogniti ve" I mean all mental operations involved in the 
receiving, storing and process ing of information: sensory percep
tion. memory, thinking, learning. This use of the term conflicts with 
one to which many psychologists are accustomed and which ex
eludes the activity of the senses from cognition. It reflects the di s
tinclion I am trying lo eliminate: therefore I must extend Ihe meaning 
of the terms "cognitive" and "cognilion" to ¡nelude perception. 

13 
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Similarly, I see no way of wilhholding the name of "Ihinking" from 
what goes on in perception, No Ihought processes seem 10 exist 
that cannol be found 10 operale, at least in principIe. in perception. 
Visual perceplion is visual Ihinking. 

There are good reasons for the traditional split between seeing 
and thinking. In the interesl of a lidy Iheorelical model il is natural 
to distinguish cleady between the informal ion aman Or animal 
receives through his eyes and the trealmenl lo which such informa· 
tion is subjected. The world casts its refleclion upon the mind, and 
this reflection serves as raw material, lo be scrutinized, sifted, 
reorganized, and slored. 1I is templing 10 say Ihat Ihe organism 
supplemenls a passive capacily lo receive with a separate active 
power of elaboration. 

Such a view seems well supported by elemenlary facIs. Examin· 
ing the extirpated eye of aman or animal, one e-an see on its retinal 
background a small, but complele and faithful image of the world 
toward which the eye is turned. This image turns out nOI 10 be the 
physical equivalent of what perception contribules 10 cognilion. The 
mental image of [he oUlside world is known 10 differ importantly 
from Ihe retinal projection. Therefore il seems natural enough 10 
attribute these differences 10 manipulations taking place after lhe 
sense of vision has done ilS work. 

However, a difference belween passive rcception and aClive 
perceiving is conlained even in elementary visual experience. As I 
open my eyes. I find myself surrounded by a given world: the sky 
with ils clouds. Ihe moving walers of Ihe lake. {he wind·swept dunes. 
(he window. my study. my desk. my body-all thi!) resembles Ihe 
retinal projeclion in one respect. namely , il is given. It exisls by 
ilself wilhout my having done anything nOljceable 10 produce il. 
Bul is Ihis <twareness of Ihe world all Ihere is lo perception? Is ji 
even ils essence? By no means. Thal given world is only Ihe scene 
on which the most characterislic aspect of perceplion takes place. 
Through Ihal world roams the glance, direclcd by atlenlion. focus
ing (he narrow range of sharpesl vis ion now on (his. now on Ihal 
spOl. following Ihe ftighl of a distant sea gulJ. scanning a tree to 
explore its shape. This eminenlly active performance is what is 
truly meanl by visual perceplion. I t may refer 10 a small part of Ihe 
visual world or 10 the whole visual framework of space. in which 
all presently seen objects have their location. The world emerging 
from this perceplual exploration is nOI immediately given. Sorne of 



THE INTELLlGENCE OF PERCE PTION (i) 15 

ils aspecIs build up fasl, sorne slowly, and all of Ihem are subject 
lo conlinued confirmation, reappraisal , change, complelion, correc
lion, deepening of understanding. 

PerL'eption cir{'/Im.H'ribed 

Does t,he view presented here really differ from what mosl people 
take for granled? Few would den y or even be surprised lo learo 
that the cognilive operations enumerated aboye are applied lO 
perceptual material. And yet Ihey mighl insisl that thinking, which 
processes Ihe OUlpUI of perception, is non-perceptual in ¡tself, 
Thinking, they may say, consists ofintellectual operations performed 
on cognitive materiaL This material beco mes non-perceptual from 
the momenl in which thinking has transfo rmed the raw percepts imo 
concepts, The abstractness of these concepts is supposed 10 some
how disrobe Ihem completely, to free Ihem from their visual charac
ter and thereby 10 make them suitable for inlelleclual operations. 
1I is conceded Ihat perception and thinking, allhough studied sep
arately for the purpose of theoretical understanding. interacI in 
practice: our thoughts influence what we see. and vice versa. BuI 
is it really obvious Ihal such inleraction can take place among IWO 
media supposedl y so different from each olher? 

A reference 10 an issue 10 be di scussed soon in greater detai! 
may illustrate the point. A person's view of the size of an object 
does nol commonly correspond 10 the relative size of Ihe projection 
of Ihat objecl on the retina- so that. for example. a distanl car whose 
oplical projection on the relina is smaller than (hal of a letterbox 
close 10 the observer. appears to have the normal size of cars. One 
can explain this by saying. as Helmholtz did in the nineteenth 
century. ¡hal Ihe faulty image is corrected by an unconsciousjudg
menl based on faels available 10 Ihe observer. It makes all (he dif
rerence whether such a theory is meant te suggeSI Ihat the percepl 
obtained from the retinal projeclion is as distorted as Ihal projec
tion itself and that this misleading perceptual raw material is 
interpreted in a manner belter filted 10 Ihe facls by inferences drawn 
from the observer's knowledge: or whether the Iheory says thal the 
givcn perceplUal situation itse lf contains aspecls Ihat assign 10 the 
image of Ihe ear a relalive size differenl from the one il has in the 
retinal projection, ill the ¡alter case. Ihe cognitive feal is accom-
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plished within perception ilself: in Ihe former Jt IS tackled after 
perceplion has delivered a rather deficient message. 

The difference here al issue is nol easily made clear in words 
because "perception" means different things 10 different people. 
Sorne take Ihe lerm very narrowly 10 describe only whal is re
ceived by Ihe scn~es at the lime when they are slimulated by the 
ouler environment. This definition is loo narrow for Ihe purpose of 
this book bec~lUse il excludes the imagery presenl when a person, 
with eyes closed or imltlenlive, thinks of whal is or could be. Others 
broaden Ihe term lo inelude any kind of knowledge obtainable aboul 
so rne subjecI of the ouler world. For example. the ill-sounding 
phrase "person perceplion" can be laken lo embr.lce alllhe complex 
processes by which one person comes lO know another. Ihal is_ 
nOI only what he sccs, hears. sme ll ~, etc. but also what he finds OUI 
about the person's principies, habits. posses~ion s. and aClions and 
by the inferences he draws from circumstanlial evidence. Sorne of 
Ihese ways of obtaining knowledge may not be thought of as opera
lions taking place wilhin the perceplual realm, and yet they are 
incorporaled under perception by gerrymandering. A person using 
Ihe term in this broader fashion may as!oert tha!. of course. he 
ineludes Ihinking in perceplion. and he may thereby hide the whole 
problem of vi~uallhinking for him!oc lf and for OIhers. 

As one more point of general strategy I should rnention Ihal for 
the following di scussion of cognilive processes il makeli no dif
ference in principIe whether they are carried out consc iously or 
unconsc iously. voluntarily or aUlomatically. by the higher brain 
ccnters or by mere rcflexes. They may be actions initiated by a 
particular creature or inherent in the slruClurc of an organ and as 
:;,uch an accompli:,hment of biological evolulion ralher than of any 
one individual. I am concerned here with abilities Ihat are nOl lhe 
late producl of Ihe refined human mind bUI a sleady Irait of the 
organism in it s groping for information aboul the oUler and Ihe inner 
world. presenl in the lowly beginnings of animal life and by no 
means dependent upon consciousncss or even the presence of él 

brain . 
To speak of " intelligence" wilh regard 10 elemenlary biological 

responses is, no doubl , risky. especially when no firm definition 
of intelligence is offered. Even so. il may be pcrrnissible to sayo for 
example, that the use of informat ion about [he cnvironment makes 
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for more iotelligeot conduct thao does total insensitivity. lo this 
simplest sense, an inbuilt tropism by which an iosect seeks or avoids 
light has somethiog in common with a person who watchfully 
observes lhe happenings io the world around him. The vigilance of a 
lively human mind is the latest display of the struggle for survival 
that made primitive orgaoisms responsive lo changes in the en
vironmeot. 

Exploring tire remote 

Sensory responsiveness as such can be said, therefore. lo be in
telligent. More particular traits distinguish the intelligence of the 
various senses. One of them is the capacity to obtain information 
about what is going on at a distance. Hearing, vision, smell are 
among the distance senses. Jean Piaget has said that 

... the entire development of mental activity. from perception and habil lo 
represenlation and memory. as weU as 10 Ihe higher operations of reasoning and 
formal thinking is a function oflhe gradually increasingdistance ofthe exchanges. 
Ihat is, of Ihe balance belween Ihe assimilation of more and more remote realities 
10 pertinent aclion and an accommodalion of Ihis aClion 10 ¡hose realilies. 

It is nol far-fetched to relate the abi lit y to sense across distances to 
what we call (he farsightedness of an intelligent persono 

The distance senses not only give a wide range to what is known, 
they also remove the perceiver from the direct impact of the ex· 
plored event. To be able to go beyond the immediate etfect of what 
acts upon the perceiver and of his own doings enables him to probe 
(he behavior of existing thiogs more objeclively. It makes him con
cerned with what ¡s, rather Ihan merely with whal is done to him 
and with what he is doing. Vision,.in particular, ¡s, as Hans Jonas 
has poinled out, the prototype and perhaps the origin of teoria, 
meaniog detached beholding, contemplation. 

T/¡e senses v(lry 

I ntelligent behavior io a particular sensory area depends on how 
articulate are lhe data in Ihat medium. It is necessary buI not suf
ficient that the data offer a rich variety of quaJilies. AH the senses 
can be said lo do that, bUl if these qualities cannol be organized into 
definile syslems of shape they give scant leverage to intelligence. 
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Although the senses of smell and taste. for example. are rich in 
nuances, all this weallh produces - at least for the human mind - only 
a very primitive arder. Therefore, one can indu!ge in smel!s and 
lastes, but one can hardly think in them. In visíon and hearing, 
shapes, colors. movements, sounds, are susceptible to definite and 
highly complex organization in space and time. These lwo senses 
are therefore the media par excellel/ce fOf the exercise of inlellí
genee. Vis ion is helped by the sense af touch and the muscle sense, 
bul the sense af toueh alone cannot vie with vision, mainly because 
it ¡s nOI a distanee sense. Dependent upon immediate contacl, il 
musl explore shapes ineh by ineh and slep by slep; it musl labori
ously build up some notion af Ihat total three-dimensional space 
which Ihe eye comprehends in one sweep: and it must forever do 
without those many changes of size and aspect and Ihose over
lappings and perspective connections that enrich lhe world of visíon 
so vaslly and are available only because visual ¡mages are obtained 
from distanl objects by aptica! projeclion. 

In Ihe universe of audible sounds. each tone can be given a defi
ni le place and function with regard to several dimensions in the total 
syslem. Music, Iherefore, is one of the mosL pOlenL outlets of human 
intelligence. But while thinking of lhe highesl level lakes place in 
music, ir is lhinking aboul and within the musical universe. It can 
refer to the physical world of human exislence only indíreclly and 
hardly withoul Ihe help of Ihe other senses. This ¡s so because audi
ble information about Ihal warld is quite limited. Of a bird it gives 
us little more than ils songo It is limiled 10 the noises Ihings make. 
Among them are the sounds oflanguage. but they acquire their mean
ing only by reference lO olher sensory data. Thus music by itself 
¡s hardly Ihinking aboul the world. The great virtue of vision is that 
it is not only a highly articulate medium. but that its universe offers 
inexhaustibly nch information about the objects and events of lhe 
outer world. Therefore, vision ¡s the primary medium of thought. 

The facilities of the sense of vision are not only avai lable 10 the 
mind: they are indispensable for ils funetioning. If perception were 
nothing better than the passive reception of informal ion, one would 
expect that Ihe mind would not be disturbed by being left without 
such input for a while and might indeed welcome the repose. The 
experiments on sensory deprivation have shown, however, that this 
¡s nat so. When the visual, auditory, tactile and kinesthetic senses 
are reduced to unpatterned stimulation - nothing but difruse light 
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for the eyes and a steady buzz for the ears- the entire mental func· 
tioning of the person is upset. Social adjustment , serenity, and ca· 
pacity for thought are profoundly impaired. During the monotonous 
hours of the experiment, the subject, finding himself unable to think, 
replaces the outer stimulation of the senses by reminiscing and by 
conjuring up imagery, which socn becomes insistent and uncontrol· 
lable , independent of the person's will as though it were an impinge
ment from the outside. This imagery can develop into genuine hal· 
lucination; (in mental hospitals, patients are found to hallucinate 
more readily in bare environments offering liule stimulation). So 
real are these visions that after the experiment sorne subjects admit 
Ihat they are now more willing to believe in supernatural apparitions. 
These desperate attempts of the mind to replace the missing stimula
tion indicate that instead of a mere facility for reception , the activity 
of the senses is an indispensable condition for the functioning of the 
mind in general. The continuous response to the environment is the 
foundalion for the working of Ihe nervous system. 

Vi .... ioll i .... selective 

In order lO interpret the functioning of the senses properly, one 
needs 10 keep in mind Ihat they did not come about as instruments 
of cognition for cognition's sake, but evolved as biological aids for 
survival. From the beginning they aimed al, and concentrated on, 
those features of the surroundings Ihat made the difference between 
the enhancemenl and the impediment of life. This means Ihat per
ceplion is purposive and selective. I have already pointed out that 
visíon is experienced as a mosl active occupation. To quote a formu
lation 1 gave elsewhere: 

In looking al an object we reach out for ¡t. With an invisible tinger we move 
through Ihe space around uso go OUI lo the distanl places where things are found, 
lOuch them . catch them. sean their surfaces. trace Iheir borders. explore their 
texture. It ¡s an eminently active occupation. lmpressed by this experience. early 
Ihinkers described the physical process of vision correspondingly. For example. 
Plato. in his Timm'l/s, asserts Ihat the gentle tire that warms Ihe human body flows 
out through Ihe eyes in a smooth and dense stream oflight. Thus a tangible bridge 
is eslablished between the observer and the observed thing. and over this bridge 
the impulses of lighl that emanate from the object travel lO the eyes and Ihereby 
10 the soul. 

This view was derived from spontaneous experience. However, 
as it became clear that Ihe oplical recording in the eye is largely a 



20 THE lNTEluGENCE OF PERCEPTION (i) 

passive process, lhe same was assumed by extension lo be true for 
lhe psycho-physical process of vision as a whole. This change of 
view was slow and hesitant. Around 500 A.O., the Roman philoso
pher. Boelhius, wrote: ;'for sighl is common to aH morta1s. but 
whether il results from images coming to the eye or from rays senl 
out to the object of sighl is doublful lo the learned, though the vulgar 
are unaware Ihal such doubt exists." And a thousand years later, 
Leonardo da Vinci wrote a confutalion against 

... those mathematicians. who say thal Ihe eye has no spirilual power which 
extends 10 a dislance (rom ilself. since. if il were so, il could nOI be withouI greal 
diminution in the use of the power of visiono and Ihal though ¡he eye were as grea! 
as ¡he body ofthe eanh it would of necessity be consumed in beholding the stars: 
for this reason Ihey mainlain Ihat Ihe eye takes in but does nol send forth anything 
from itsetr. 

There was much evidence lo the contrary: 

... Ihe snake catled lamia is seen daity by the rustics attnlcling 10 ilsetf wilh 
fix.ed gaze. as ¡he magnel allracts iron. ¡he nightingale. which with rnoumfut song 
hastens to her death .... the ostrictl and ttle ~pider are said !O halch Iheireggs by 
looking al thern. 

Nol lO mention Ihe maidens. who "are said to have power in their 
eyes lo attract lo themselves Ihe love of men." 

Active selectivily is u basic trail of vision , as it is a Imit of any 
other intelligent concern; and the most elemenlary preference to be 
noted is thal for changes in t\"le environmenl. The organismo 10 whese 
needs vision is geared. is náturally more interesled in chunges than 
in immobilily. When something appears or di sappears. moves from 
ene place 10 another. changes it s shape or size oreolor or brighlness. 
the observing persen or animal may find his own condition altcred: 
an enerny approaching. an opportunity escaping. a dcmand to be 
mel. a signal to be obeyed. The mosl primitive organ of sighl. the 
light-sensitive spet or nervc tiber in a elam er a barnacle. will limil 
information to changes of brightness and thereby permit the animal 
lo withdraw into ils shell as soon as a shadow interrupts the su n
lighl. To contemplate immobile parls of lhe surroundings is more 
nearly a luxury. useful al most 10 spot Ihe localions of possib le fulure 
changes or to view the context in which events take place. 

Change is absent in immobile things bul al so in things repeating 
the sume aClien over and over er persevering in it steadfast ly. Psy-
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chologists discussing satiation and adaptation poiot out that aoimals, 
even quite primilive ones, will stop reacting when a given stimulus 
reaches Ihem again and again. The constant factors of a visual set
ling, e. g., Ihe parlicular color of ever present sunlight will vanish 
from consciousness, jusI as a constant noise or smell will. When a 
person is foreed to stare al a given figure he will use any opportuoity 
lO change il by varying il: he may reorganize the grouping of its parts 
or make a reversible figure switch from one view (O the other. A 
color looked al steadily tends to bleaeh, and if the eye is made lO 
fixate a pattern without the sma ll scanning movements that are never 
absent otherwise. that pattero will disappear from sight after a short 
while. These reaclions to monotony go all the way from conscious 
defense (O Ihe purely physiological wearing off of impulses gener
ated in the brain by a s tatic situation. They are an elemenlary form 
of inlelligenl conlempl for indiscriminate attention. Noticed and at
tended lo is only what matlers. One refuses to be bored. 

Practically usefuJ though this selective attention to change is. il 
also has its drawbacks. It makes it difficull lo become aware of the 
constan! factors oper.ltive in Jife. This weakness shows up when the 
thinker or scientis l needs to consider agents Jying beyond Ihose that 
display observable change. In physical as well as in psychological 
or soc ial malters, the constant aspects of a situation are most easily 
overlooked. hardes! to be understood. The characteristics of per
ceplion nOI only help wisdom, they al so reslriet iI. 

The eyes are movable within their sockets. and their selective ex
ploration is amplified by the movements of Ihe head and indeed of all 
of Ihe beholder's body. Even the recording processes going on within 
the eyeball are highly selective. For example, since Ihe early years 
of the last century there have been good reasons to assume tha! the 
retina. in informing the brain about color. does nol record each of 
the infinitely many shades of hues by a particular kind of message 
but limits it se lf 10 a few fundamental colors. or ranges of color. from 
which all Ihe others are derived. This assumption , by now confirmed 
experimentally and anatomically, means to us that the pholochem
istry of the eye proceeds by a similar kind of abstraction by which. 
at the level of conscious perception, we see colors as variations and 
combinations of a few primaries. Through this ingenious simplifica
tion vis ion accomplishes wilh a few kinds of transmitters a task that 
would otherwise require an unmanageably large number of them. 
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One might say that even physiologically vision imposes a conceptual 
order on the malerial it records, 

What is known about color may lurn out 10 be Irue for shape also. 
11 is beginning lO look as though Ihe lightning speed with which ani
mal s and humans react to movemenl. be it ever so small or so distanl 
from the cenler of altention, is made possible by a short-cul that 
dislinguishes motion from immobility even at the relinallevel. We 
were accustomed lO believe tha! Ihe retinal receptors know of no 
such dislinclion. AI1 they could do was supposedly 10 register shades 
of color and brighlness, so thal il was left to the brain to ¡nfer Ihe 
presence of movemenl from a computalion of changes occurring in 
masses of point-sized SpoIS. By now, Ihe retina of the frog's eye is 
known lo conlain al leasl four types of receptors, responding each 
lo one special kind of stimulus and remaining unimpressed by alJ 
olhers. Among Ihem are the "bug-detectors," which reaCI immedi
alely and exc1usively lo small crawling things. naturally ofparticular 
¡nterest lo frogs. Others are geared to respond only to ¡he movement 
of, or encounter with, edges OrlO Ihe onsel or end of illuminalion. In 
order lo accomplish these reaclions, large groups of receptors must 
cooperale as a leam because only in Ihat way can lhe shapes or mo
tions of extensive stimuli be apprehended. This means Ihal even al 
the retinal level there is no mechanical recording of elements. The 
research paper, Wlwt tite Fro¡/s Eye Tí'l/s ll1t, FroR'~; Brain by 
Lettvin, Maturana, McCulloch. and Pilts. conc1udes: 

The operations thus ha\lC much more (he fla\lor of perceplion Ihan of scnsation 
if Ihal diSlinction has any meaning now. Thal is 10 say thallhe language in which 
Ihey are besl described is ¡he language of complex abstractions from ¡he \lisual 
¡mage. 

II is true. however. Ihal like all screening, Ihis one expedites the 
processing of the material bul al so limits operations 10 what remains 
available after the screening. When a frog starves in the presence of 
dead. immobile flies. which would make perfeclly good food. he re
minds us of the blindness of aman whose mind is "made up" and 
therefore incapable of responding to unforeseen opportunities. 
Those are {he wages of economy. 

Such inbuih selectivity is useful not only because it avoids Ihe 
wasling of elfort bul also because, by reslricting the choice, it makes 
reactions faster and surer. Therefore. in relatively simple creatures. 
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which have stable needs and can rely on dwelling in a fairly stable 
environment, vital functions of sustenance, procreation, and de
fense tend lO be limited to slandardized reactions, which are geared 
to fixed signals. Striking examples of such highly selective behavior 
have been described by ethologists, notably Konrad Lorenz and 
N. Tinbergen. Since animaJs cannot tell us what they see, we cannal 
be sure lo what extent the selection takes place in their perception 
¡tself ar rather in their responses to what they perceive. In any case, 
no stimulus can be reacted lo, unless it is distinguished in percep
lion. Most probably, lhis distinction is nol a malter of specifically 
primed categories of retinal receptors like those making the frog 
respond to crawling bugs. but a selective reaclion of the nervous 
system to particular features of the visual field transmitted by the 
eyes. The responses lo Ihese signals. or "releasers," are bred into 
the species. The yellow bill of the herring gul! has developed a red 
spot al the end of the lower mandible. lt is this red spot that makes 
the newly hatched chick peck at the tip orthe parent's bill. When the 
red spot is absent, the chick does not peck; when the chick does nOl 
peck, the parent does nol deliver the food. Signals of this kind meet 
two essential prerequisites: they are clearly identifiable by their pure 
color and simple shape, and they are sufficiently distinct from what 
el se is commonly visible in the environment. 

The perception of these animaJs must be geared lO their highly 
selective responses. Their visual fields are likely to be hierarchic 
rather than homogeneous, in the sense that certain perceptual fea
lures stand out because of the needs to which they relate. The ani
mal could nol respond lo them unless they were distinguished per
ceptually. This is an early instance of abstraction. in so far as the 
animal is fitted to a lype or category of essential signals-e.g., all 
instances of a red spot in the right place- but the abstraction is per
formed by Ihe species rather than the individual; it is inbred. 

Fixlltion solves (l problem 

As long as such mechanisms are buih in by heredity, they rigidly 
apply to the species as a whole . At biologically higher levels, the 
choice of slimuli and the reactions to them are increasingly controlled 
by the individuaJ. The eye movements that help to select the targets 
of vision are somewhere between automatism and willful response. 
They must direct the eyes in such a way that the area of the visual 
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field lo be scrutinized comes within Ihe narrow rJ.nge of sharpest 
visiono Sharpness falls off so rapidly Ihal al a de vial ion often degrees 
from Ihe axis of fixalion. where il is al a maximum. il is already re· 
duced lo one fiflh . Bccause retinal sensitivity i'i so restricted. the 
eye c.m and must si ngle oul so rne panicular spol. which becomes 
isolatcd. dominanl. central. This means taking up one thing al a time 
and distinguishing Ihe primary objeclive from ils surroundings. An 
object may be .. elecled for attention because il st.tnds out against 
the rest of the visual world and/or because it responds to needs of 
the observer him .. elf. Al early organic levels. the stimulus compels 
the rcaction. When a slrong light enters Ihe visual field. the infant 
tums toward it <lS though direcled by an OUler conlrolling power. 
jU'i1 as a pl .. ~nl lurn .. IOward.., Ihe lighl or a cat low:'trds ¡he slightest 
mOl ion .. omewhere. Thi .. is ¡he prototypc or a cognitive response 
uncondilionally surrendered to the object or attention. Thc response 
is stee red by Ihe slimulus rather than by the initiative orthe observer. 

How is ocular fixation accomplished? An act of fixation can be 
described as a move from tension to tension rcduclion. The stimulus 
enters the visual field eccentrically and thereby opposes the field's 
own center wilh a new and alien one. This connict between Ihe in· 
truding cuter world and Ihe order of the inner world crea tes a ten· 
sion. which is eliminated when a movement of Ihe eyeball makes 
the two centers coincide. Ihus adapting Ihe inner order to the outer. 
Thc relevant ilem of the outer order is now ccntnllly placed in the 
inner. 

Herc we have an clementary example of slill another aspect of 
cognitive behavior. namely. problem solving. AII problem solv ing 
rcquires a restrucluring of a given problem situalion. In ocular fix· 
alion. Ihe restrucluring needed is of the simplest kind; it is nOlhing 
more Ihan a shifl of the center of orientation, nol requiring any re· 
organization of the perceptual panero itself. 

I shall soon give examples of problem solving by much more como 
plex rC'ilructuring. Bul even lhis simple example l<o how~ why prob
lem solving ~ hould not be a~ .. umed to be the cognitive level al 
which perception and Ihinking par! company. $uch a distinction. 
ba!ted on a preci!te criterion. would be agreeabJe 10 the theorisl. 
Perceplion. one mighl be templed to sayo is Ihe dircct exploration 
of what is OUI there . Thinking. on the contrary. begins with the task. 
different in principie. of modifying a given order for the purpose of 
making it fit Ihe requirements of the solution to a given problem. 
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Kohler defines intelligent behavior in this fashion, bUl does not seem 
inclined to acknowledge examples of it in the elementary mecha
nisms of perception. He asserts thal we do nol speak of behavior as 
being intelligent when human beings or animals attain their objective 
by a direct roule which derives naturally from their own percep
tual organization. Bul we tend to speak of "intelligence" when, 
circumstances having blocked (he obvious course, the human being 
or animal takes a roundabout path, so meeting the situation. The 
mechanism of fixation does arise naturally out of the organization 
of the human being or animal. And yet the shifting of the center of 
vis ion to the center of interest seems to me to involve, al an ele
mentary level. the same kind of restructuring that. in Kohler's ex
amples, reveals that (he desired goal can be reached by a detour. In 
both cases, the st ructural connections within (he given perceptual 
pattem are changed in a way that yields the solution ofthe problem. 

The simple example of ocular fixation serves also to illustrate 
another point of more general relevance. 11 shows that theobserver's 
attention is searching lo find ils objective in a perceptual field that 
has an orderofils own. The stimulus oflhe light entering the infant's 
range of vis ion gives a definite, objective structure lO that field. 
The field has a center. with regard to which the infant's focus of 
attention is eccentrically oriented. This discrepancy produces the 
tension to which the child reacts by adapting his fixation to the 
structure of the outer situation. Such an interplay between the struc
ture of the given field and the demands of the observer's needs and 
interests is characteristic of the psychology of attention. Williarn 
James, writing about attention, suggested the opposite when he 
wrote that without se lect ive interest experience would be an utter 
chaos. BUl truly chaolic or otherwise unstruclUred situat ions are 
nol typical, and when they prevail Ihey make it all but impossible 
for selective inleresl to take hold of a targel. When Ihe fie1d is homo
geneous, as in total darkness. or when nothing can be seen but a 
repetitious pattern of, say, a checkered surface the gaze will roam 
about aimlessly. trying to irnpose sorne sort of shape on that which 
has none. This sort of situation is nOI charactenstic of cognitive 
processes. 

I have shown Ihal Ihe need and opportunily 10 select a largel exists 
in cognition even at the retinallevel. Since acute vis ion is limited to 
a narrow area. an objeclive must be selecled from the total range 
of the given field. This limitation, far from being a handicap , protects 
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the mind from being swamped with more information than it can, 
or needs to, handle at any one time. It facilitates the intelligent 
practice of concentrating on sorne topic of interest and neglecling 
what is beside the point of attention. 

Discemme,,/ i" deprh 

Selectivity also obtains in the depth dimensiono Only a narrow range 
is in focus al any moment. If (he close-up view is sharp. Ihe back
ground is blurred, and vice versa. This selecliveness is contrib
uted by Ihe crystalline lenses of the eyes. and visual cognition prof
its from il the same way in which a photograph or painting can guide 
Ihe beholder's attention by throwing certain limited ranges of depth 
into sharp focus. The accommodation of the eye lenses is an ele
menlary aspect ofselective attention.11 gives visual stringency to an 
observer's concentration on what happens at a particular distance. 

The depth dimension contri bu tes. in addition, lO cognitive factors 
of quite a different nature. It makes the size of objects variable and 
Ihereby adaptable to the needs of Ihe observer. This is so because 
Ihe objecl of perception does nol enter lhe eye bodily. although this 
is what was believed al early stages of the theory of vis ion. Democ
ritus, for example, he Id that in perception a sort of decal of the 
object's outer sulface enters Ihe eye through the opening of the 
pupil- which posed the problem of how a large object could shrink 
sufficiently lo accomplish such a feal. We know now that what (he 
eye receives is not a part of the object itself bul an equivalent of it. 
The size of the projeclive image depends on the distance of the 
physical objecl from (he eye. Therefore, by choosing the propcr 
distance , (he observer can make lhe image as large or small as his 
purpose requires. In order lO be comfortably visible the relevanl 
portion of (he visual field muSI be large enough lo be sufficienlly 
discernible in its detail and small enough to fi( into the field. Further
more, the size of the critical area also determines how much of ils 
surroundings will be contained in Ihe visual field at (he same time. 
The smaller (he area. the more of the environment will appear, that 
¡s. the more the object will be shown in context. Inversely. with 
increasing size of Ihe object. its conlext will move out of sight. The 
proper choice depends on the nature of Ihe cognilive task. How 
much detail is relevant? What distance is needed to bring out lhe 
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larger structural features, otherwise hidden by too much detai1? 
How much of the conlext is pertinent lO the understanding of the 
matter under scrutiny? Here again the correct selection at the ele
mentary perceptual level is an important part and reflection of 
broader cognitive strategy. To find the appropriate range of a prob
lem is almost tantamount lo finding its solution. This strategy of 
thought may be hampered at its very foundation when the visual 
range of the situatíon to be contemplated is incorreclly chosen. In 
praclice Ihis means, for example, Ihat the visual aid offered by an 
iIIustration or a television ¡mage may be severely impaired simply 
because the size and range ofthe portrayed objects are inappropriate. 
Since reasoning aboul an object starts with Ihe way the object is 
perceived, an inadequate percept may upsel the whole ensuing 
train of thought. 

SIllIpes are cOllcepts 

In the perception of shape lie the beginnings of concept fonnation. 
Whereas the optical image projected upon the retina is a mechan
ically complete recording of its physical counterpart. the cor
responcting visual percept is nol. The perception of shape is the 
grasping of structural fealures found in, or imposed upon, the stimu
lus material. Only rarely does this material conform exactly to the 
shapes il acquires in perception. The full moon is indeed round. to 
the besl of our viewing powers. Bul mosl of the things we see as 
round do nOI embody roundness lilerally; they are mere approxi
mations. Nevertheless the perceiver does nol only compare them 
with roundness but does indeed see roundness in Ihem. Perception 
consists in fitting the stimulus material with templates of relatively 
simple shape, which I call visual concepls or visual categories. The 
simplicity of these visual concepts is relative, in Ihal a complex 
stirnulus pattern viewed by refined vision may produce a ralher 
inlricate shape. which is the simplest attainable under the circum
stances. What matters is Ihat an objecl al which someone is looking 
can be said lO be truly perceived only to the extent to which it is 
fitted to sorne organized shape. In addition, there generally is an 
amount of visual noise. accompanying and modifying the perceived 
shape with more or less vague detail and nuances, but this con
tributes little to visual comprehension. 
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do not mean to suggest that (he mind, and hence the brain, 
contains a set of pre-established shapes transmitted by heredity and 
Iying in wait for stimulus material. There are known to be inbred 
responses to certain shapes. colors, or movements, for example, 
to the so-called visuaJ releasers. which regulate much instinctual 
animal behavior. But these mechanisms presuppose rather than 
explain shape perception. The red spot al ¡he mandible or the sea 
gull must be apprehended as such before it can be reacted too The 
same would hold for Jungian "archelypes." allegedly geared to 
cerlain geometrical figures. It is (rue that Ihe above-cited discoveries 
about the frog's sense of vision imply thal some organization into 
larger unils exists even al the relinal level. If the smallesl initialor 
of the slimulalion is nol a dol bul an objecl, such as a crawling bug 
or a moving edge. Ihen a large panel of receptors mus! cooperate 
in identirying the slimulus and mobilize all pertinenl single 
nerve fibers. A dol cannOl report aboul an extended object. In other 
words. even in (he eye. long before impulses reach Ihe brain. 
Ihere seem lo be responses lo shape ralher Ihan mere recordings 
of elements. BUl responses lO shape do nol necessarily imply con
scious perception of il; and even in the higher vertebrales similar 
mechanisms are likely to be 100 rigid 10 amount 10 more than a kind 
of shonhand abbrevialion of sensory recording. In order lO accounl 
for Ihe complexilY and flexibilily of shape perception. il seems 
preferable 10 assume that the decisive operations are accomplished 
by field processes in the brain, which organize Ihe slimulus malerial 
on ils arrival according lo the simplesl patlem compatible with il. 

The shape patterns perceived in Ihis fashion have IWO properlies 
enabling them lO play the role of visual concepts: they have gen
erality and they are easily idenlified. Slrictly speaking. no percept 
ever refers 10 a unique. individual shape bul rather 10 ¡he kind or 
pattem of which the percept consists. There may be only one objecl 
to fit Ihal pallern or Ihere may be innumerable one". Even Ihe image 
of one panicular person is a view of a panicular patlern of qualilies, 
of Ihat kind of persono There is, therefore , no difference in principie 
between percepl and concept. quite in keeping wilh Ihe biological 
runction of perception. In order 10 be usefu!. perceplion must in
slruCI about kinds of Ihings: olherwise organisms could not profit 
from experience. 

If a perceptual pattem is simply organized and differs cJearly 
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from its environment, it has a eorrespondingly good chanee of being 
easily recognized. The biological releasers can serve here again as 
illustration. They tend to be simple, distinct colors. shapes. or 
movements. developed in evolution as signs. on whose clear-cut 
identity the instinetual responses of animals could be built. ldenti
fication, then, presupposes an identifiable pattem. One cannot 
recognize something as a thing known, expected, or lO be reaeted 
to unless ir is discriminated by its sharply defined charneter. 

I am describing the perception of shape as the grasping of generic 
structural features. This approach derives from gestalt psychology. 
There are other Iheories, notably the traditional view (hat the sense 
of visíon mechanically records the elements of stimulation, which 
are then suitably conglomerated into shapes on the basis of the 
perceiver's past experience. lt is not necessary here to explain again 
why such a theory is inadequale; bUI one of its consequences is 
relevan!. If the theory were true. shape perceplion would be quite 
inferior cognitively. lt would be limiled. to (he automatic gathering 
of incoming material. If. on (he other hand. the view l am presenting 
is correcto shape perceplion operates al the high cognilive level of 
concept formalion. 

Perception takes time 

Much recent diseussion of shape perception would lead one to 
believe that what matters mosl for its explanation is whether it 
occurs spontaneously. without preparatíon, or whether it is made 
possible by a gradual process of learning. ActuaIly. (his is nOl the 
issue al all. for it makes little difference for the nature of the cog
nitive process hefe described whether it occurs quickly or slowly. 
Most organic accomplishments go through a phase of learning and 
biologieal maturation. What matters is what kind of leaming is 
¡nvolved. Is an ¡nitial incapacity to see shape due to the lack of 
similar experience with which a present stimulus can be compared? 
Or is it the art of grasping the structufe of a visual pattern that 
takes time to perfect? Perceptual acquisition in the lalter sense 
was the subject of studies by German psychologists on what they 
called Akwalgenese. One of their approaches was to reconstruct 
the elusive and often all loo rapid process by presenting a pattern 
insufficiently, e.g., for a split second only, so that observers arrived 
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at a complete grasp only gradually, through repeated exposure. 
Under such conditions, perception tends to start with a diffuse, 
undifferentiated whole. which is progressively modified and elabor
ated. In order to show how little these processes resemble a mechan
ical recording of stimuli, I will translate Ihe summarizing statement 
of one of these researchers. Gottfried Hausmann: 

The experimental silUtttion conveyed 10 Ihe observers Ihe clear conviction 
Ihal whal we popularly call perceplual cognilion cannol be described as a simple, 
immediate, purely sensory mirroring. Instead, it originates in a process of mani· 
fold, mutually intenwined. seleclive. abSll1lclive and even crealive aCls offorma
tion. The course taken by such a process may be eilher organically consequent 
or intricale. ambiguous and meandering. Sometimes fancy will leave the gjven 
dala behind, bUI when Ihe process runs organicaJly. it leads Ihrough a sequence of 
phases and qualities. deriving from each other bUI al the same time specific and 
organized wilhin themselves. 10 Ihe goal demanded by ¡he task. 

Similarly. in Ihe earliest statement on geslalt psychology, von 
Ehrenfels insisted on the "effort" it takes to put a gestalt together. 
Geslalt psychologists. while pointing out Ihat the capacity 10 see 
shapes is nol brought about merely by repeated exposure lo lhe 
slimuli. have no reason 10 suggesl that a gestalt shows up wilh 
automalic spontaneity. 

What is Irue of shape. also holds for color. I menlioned earlier 
Ihat physiologically the many wavelengths of lighl corresponding 
lO differenl shades of hue are dealt with by a few types of receptor, 
each sensitive to one color or a range of colors. from which par
ticular nuances are oblained by combinatíon. In the psychological 
realm. color vision is based on a few pureo elemenlary qualities, 
by no means necessarily or simply relaled la (he physiological 
types of receptor. JUSI as perceived shapes are more or less complex 
elaborations of simple shapes. so color patlerns are seen as elabora
lions of the elemenlary. pure qualities of yellow. red. blue. Here 
and Ihere. these qualities are encountered in their purity. bul mosl 
of Ihe time there are mixtures. which are understood perceptually 
as combinalions of the underlying primaries. Sorne of these com
binations are sufficiently precise in Ihemselves to function as visual 
concepts in Iheir own right. e.g. , orange. green, or purple. In the 
system of colors. as we find il applied. for example, in a painting. 
Ihese secondary concepts serve as transitional links between the 
primaries. which are the fundamenlals of the system. It is a hier-
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archic system, similar to that of traditional logic. in which a multi
tude of more particular concepts derives from a basic few , thereby 
creating an order, which defines the nature of each element through 
ils place in the whole. 

There is considerable evidence to indicate that the graspability 
of shapes and colors varies, depending on the species, the cultural 
group, the amount of training of the observer. What is rational for 
one group, will be irrational for another, i.e .• it cannot be grasped, 
understood, compared, or remembered. There are differences in this 
respect between different species of animals, between man and ani
mal . and between various kinds of people. A rat does not seem to 
perceive the difference between a circle and a square. For sorne per
sons, a pentagon is a perfectly graspable visual figure whereas it is 
a roundish thing of uncertain angularity for others. Children have 
trouble with the identification of certain colors, which have a clear 
character oftheir own for adults. Sorne cultures do nol put green and 
blue under separate perceptuaJ headings. Within iimits . training will 
refine the categories accessible to an individual. 

H OIII machines r(>ad sllllpe 

Perhaps the particular nalUre of shape perception can be clarified 
best when it is compared with recent research on pattern recogni
tion by machi ne. The task is that of developing devices that can read 
such shapes as letters or numhers. nol just in a standardized version 
bul over a large range of variations, encountered when different 
persons wrile the same numbers or when prinling is done from dif
ferent fonts. What is invariant about a 3 or a B must be picked out, 
regardless of the particular shape it takes. The machine Slarts out 
by doing exactly what Ihe eye does: it cut s up the continuous stim
ulus pattern into a mosaic of discontinuous bits, each recorded by 
a separatc photoeJectric ceH. This is an act of so-called digital cod
ing, which transforms the stimulus into an assembly of di screte units, 
each reportíng the presence or absence of a particular oplical 
quality. The mosaic preserves or indicates no pattern whatsoever, 
except that the dots are nol scattered at random but mainlain their 
particular location relative 10 their neighbors. 

One can try lo derive shape from such a mosaic by fusing groups 
of adjacent positive impulses ¡nto continuous masses or by making 
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continuous lines out of uninterrupted chains of impulses. Putting 
all similar elements together and separating them from dissimilar 
ones, the machine obmins a rough pattem, which then it can be asked 
to clean up by eliminating small irregularities, dropping isolated 
particles. straightening out almosl st raight lines. etc. This is the sort 
of blínd fitting togelher of pieces which does nol go beyond discover
íng similarilY or dissimilarily among adjacent elements and in which 
Ihe resulting shape comes as a surpnse-ralher as though a child 
were to draw a line along numbered dOls and find Ihat il adds up 10 
the outline of a rabbit. 

In Ihis procedure shape is derived from the analysis of the pat
terno Bul the machine can also be handed certain shapes ofwhole or 
par! figures and asked to find oul which of Ihem fits the pattern. 
This sort of codification works by analogue, Ihat ¡s, il compares 
shape with shape. Here a pre-establi shed concept is rigidly identi
fied with one particular realization. for example. the concept oflhe 
letter A is identified with one individual A-template of defined size, 
shape. proportion. It is a melhod Ihal works well when Ihe task is 
limited to the reading of a slandardized sel of shapes , for instance. 
numbers printed from one and the same font oftype in one size only. 
The syMem will allow for a certai n amount of broadmindedness in 
Ihat Ihe machine can be made lo measure the amount of area which 
a given patlern has in common with a givcn templale. In this way. 
some deviation from Ihe norm can be laken care oL 

The perceptual eoncept of the machine can be made more intelli
gent when il is nOI limited 10 one particular shape bul covers Ihe 
whole range of variation along ce rt ain dimensions. Change of size 
is one of these dimensions: change of proportion. Ihat is. the ratio 
between horizontal and vertical. is another. When allowance is made 
for rotatian in space, a diamond may be recognized as a square 
turned 45°. A more radical transformation is the tilt that changes 
lhe angles. or one thal allows even for bending. stre tching. and twist
ing. Such flexibility makes it possible for the machine lO iso lale the 
"¡opologica l" properties-such as cro~sing. louching. 01' !', urround
ing-Ieft invariant by the di s lortion ~. 

By allowing for variability along such dimensions Ihe machine 
c~m concenlrale upon the task of identifyi ng Slruc tural features. 
which are nOI bound 10 any one individual reali zat ion but common to 
a large set of possible instances. 5uch slrUClUral features can refer 
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to overall characteristics, for example, the symmetry or asymmetry 
of a pattem, which will distinguish letters like A, H, W from B, G, 
or R, or front faee from profiJe in the pieture of a person or anima1. 

When the task ealls for nothing better than identiñcation by what
ever means. it can be aeeomplished by a machine or organism that 
is largely blind for the [rue eharaeter of the object. We may identify 
a person by nothing more than Ihe ring he is wearing or by his name. 
Rats seem 10 identify sorne pattems by simply diseovering a certain 
comer in a particular loeation. A scanning machine may slide a nar
row slit across a blaek shape and thereby identify it through a se
quence of slices of changing lenglh without any realization thal the 
panern is the profile silhouette of a human head. A brain-injured per
son suffering from agnosia may identify a reetangle by eounting the 
number of eorners. For most practical tasks, however, il is necessary 
to understand the overall visual struclure of an object to be handled, 
and for the purpose of the scientist or artist a grasp of the object's 
visual charaeter is essentiaL 

In principie. pattem recognition can be applied lO the mas! com
plex and crazy shapes, but the simpler the panern. the easier the 
task. Chinese ideographs are a greater challenge than the Roman 
alphabet lo practice. however, the figures lo be read tend to be 
simple. Numerals and letters, for example, have evolved histori
eally as the results of the search for seIs of shapes simple enough to 
be easily produced, perceived, and remembered, yet as cJearly dis
tinel from each other as possibJe. Nature accommodates this need 
for simple shapes essentially in two ways. They come about in evo
¡ution as signals for organisms endowed with the sense of sighl. 
Quite independently from sight, the tendency towards teosioo re
duetion in the physical world will produce the simples! shapes avail
able under the circumstanees and thereby assist vision incidentally. 
Even so, most of Ihe shapes and combinations of shapes presented 
to the eyes by nature are much more complieated than letters. 
numbers. or other signs devised by human vision for human visiono 

Completillg th e ¡Ilcomplete 

One of the complieations arising under natural conditions is the over
lap by whieh one object prevenls another behind it from being seen 
·eompletely. In maoy such instances. vjsion. instead of contenting 
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itself with the visible section completes the object. A box. partly 
covered by a f1owerpot. is seen as a complete cube partly hidden. 
This means thal perceptual organizalion does not limil itself to the 
material directly given but enlists invisible extensions as genuine 
parts of the visible. Similarly. objects are oflen perceived as Ihree
dimensionally complete although only a frontal part of their surface 
is directly given. What happens here is not thal Ihe be holder com
pletes by non-visual knowledge Ihe fragment he actually sees. No. 
a cylindrical pOi is SU" as a complete. all-around thing: an incom
plete cylinder loaks quite different. Herc again invisible parts of the 
object supplement the visible ones in arder to produce a complete 
shape. The distinction between complete and incomplete shape as 
well as the pertinent rounding off take place wilhin perception itself. 

B P 
R 

Figure I 

The cognitive feat ¡nvolved in such a process consists in rejecting 
the wholeness of a shape that presenls itself and in re-inlerpreting 
il instead as a part of a larger and structurally betterwhole. Examples 
of similar procedures in scientific problem solving and everyday 
reasoning witl come readily to mind. 

A particularly striking example of shrewd restructuring by com
pletion in perception can be found in the phenomenon of trans
parency. Suppose a pattern consists of Ihree shapes, a red one. a 
blue one. and between them a purple one (Figure 1). Ir the shapes 
are such that a simpler overall pattern is obtained when two mutually 
overlapping shapes-an oval and a square-are seen rather than 
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three adjacent ones, the following perceptual problem situation 
presents itself. The distribution of colors suggests an order based on 
three separate, contiguous units. The character of the shapes sug· 
gests two overlapping units. How can this ¡ntrinsic confiict be 
brought to a satisfactory solution? If the color of the central unit is 
reasonably accommodating, i.e. , an approximate mixture of the 
other two colors, the unitary sensation of purple will split up into 
its components, red and blue. It will be seen as two colors, one 
behind the other-a transparency effect. By spotting and using the 
particular relation between the three colors, namely, P = B + R, 
the miod restructures the unitary central color in such a way that 
a superposition of two colors is seen where one color would be seen 
otherwise. This ingenious solutíon adapts lhe order of the colors 
to the order of the shapes. In this case the perceptual solution of 
Ihe problem tends to presenl itself with great immediacy, and there 
can be no question but thal Ihe intelligent rearrangement of an 
unsatisfactory stimulus organization occurs in the act of perception 
itself and not in sorne secondary elaboration of the perceptual 
product. 

Under natural condítions, vision has to cope with more than 
one or two objects at a time. More often than not , lhe visual field 
is overcrowded and does not submit to an integrated organization 
of the whole. In a typical ¡ife situation, a person concentrates on 
sorne seJected areas and items or on sorne overall features while 
the slruclure of the remainder is sketch y and loose. Under such 
circumstances, shape perception operates partially. 

It is in works of art. for example, in paintings, that one can ob
serve how the sense of vision uses its power of organization 10 the 
UlmOs!. When an artist chooses a given site for one of hi s landscapes 
he not only selects and rearranges what he finds in nature; he must 
reorganize the whole visible matter 10 tit an order discovered , in
vented, purified by him. And jusI as the invention and elaboration 
of such an image is a long and often toilsome process, so the per
ceiving of a work of art is not accomplished suddenly. More typi
cally. the observer starts from somewhere, tries to orient himself 
as to the main skeleton of the work, looks for the accents, experi
ments with a tentative framework in order to see whether it fits the 
tot31 content, and so oo. When the exploration is successful, the 
work is seen to repose comfortably in a congenial structure, which 
iIIuminates the work's meaning to the observer. 
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More clearly than any other use of [he eyes, [he wres[ling with a 
work of visual art reveals how active a task of shape-building is 
involved in what goes by the simple names of"seeing" or "Iooking." 
The experience of searching a given image r3lher helplessly and 
then !inding the key to what looked at first like a mere accumulalion 
of shapes is common in good art appreciation work. Such an ex
perience is [he purest and strongest example of chat active explora
tion of shape and visual arder which goes on when anybody looks 
al anylhing. 



3. The Intelligence oi 
Visual Perception (ií) 

Visual perception, I tried to show, is nOI a passive recording of 
stimulus material bul an active concern of (he mind. The sense of 
sight operales selectively. The perception of shape consists in the 
application of form categories, which can be caBed visual concepts 
because of their simplicity and generality, Perception involves 
problem solving. Next I 5hall discuss a somewhat more subtle per
ceplual operation. 

The size of a retinal projection varíes. as I "oled earlier. with the 
dislance of the physical stimulus object from the observer. There
rore. as far as the objecl by ilself is concerned. the distance dime n
sicn dislorts the information. For example, an object actually 
maintaining its size may be reported to the eye as changing il 
during movemenl. The same is true for shape. The retinal pro· 
jection of an object varíes depending on its locatíon relative to the 
observer. There are other such perceptual modifications. The 
brightness and the color of an object depend in pan on the brightness 
and color of the source illuminating il and on the spatial location 
of the object relative 10 light source and observer. 

Sl/hlr((C/jll~ ,he ("onU'XI 

The mind meels here , at an elemenlary level, a first ínstance ofthe 
general cognilive problem that arises because everything in this 
world presents ilself in conlext and is modulated by Ihat context. 

37 
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When the image of an object changes, the observer must know 
whether the ehange is due to the object itself or to the context or to 
both, otherwise he understands neither the objecl nor its surround
ings. Intertwined' though (he two appear, one can attempt lo tease 
them apart, espeeially by watching the same object in different 
contexts and the same contexl acting on different objecls. 

The object under observation must. then, be abslracted from ils 
context. This can be done in two fundamentally different ways. The 
observer may wish to peel off the context in order to obtain the 
object as it is and as it be ha ves by itself. as though it existed in com
plete isolation. This may seem to be the only possible way of per
forming an abstraction. However. the observer may also wish to find 
out aboul the object by observing all the changes it undergoes and 
induces because of its place and function in its setting. Here lhe 
abstraclion. while singling out the object. does not relinquish the 
effects of the conlext but relies on them for an indispensable part 
of the information. The two procedures serve different purposes. 
bul for both of them it is necessary to tell objecl and context aparto 

1 n the psychology of perceplion the generally accepted view is 
Ihal Ihe mind aims al. and achieves, abstraction in the first of these 
two meanings. 1I wishes to peel off all the influenees of the conlext, 
and il succeeds in doing so. In spile of retinal variations and en
vironmental ¡nfluenees. the mind's image of the objeet is constant, 
al least approximately so: the objecl has and maintains its own
and only-size, shape, brightness. color. There seems 10 be wide
spread agreement on Ihis, although there is sorne controversy on 
how Ihe feat is accomplished. Nevertheless this view is quite re· 
stricted and one-sided. 

Granted. it is of the greatesl practical importance that constan! 
things should be seen as constant and that change should be attributed 
10 Ihem only when Ihey Ihemselves do the changing. This is evi· 
dently true for the size of objeets. Since biological orientation 
requires a stable world in whieh objeets preserve their identity. the 
organism profits greatly from abstmcting a lrue or constant size 
from ¡he bewildering variety of projected sizes. There is. however. 
more than one way of fulfilling this need. 

Most of¡he psyehologieal diseussions have started from the noti.on 
of what 1. too. jusI called "the bewildering variety of projected 
sizes:' This. however, is a piecemcal approaeh. aceording lO which 
any one physical object appears in the visual world as a multiplicily 
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of separate and static images, each of a different size. lfperception 
is assumed to start with this medley of particulars, how is "constant 
size" abstracted from il'! Does the mind perhaps average alJ Ihe 
projections statisticaJly and settle for a median size? Surely not, 
because in that case a pad of writing paper would be seen roughly 
the size of a building since on the average the projections of both 
kinds of object occupy a similar amount of space in the visual field. 
In facI, all objecls would converge toward one average size because, 
as I mentioned earlier, one tries to look at any thing from the 
distance al which it offers an image of convenient size, nol too large 
and nol too smaJl. 

Perceived size is related rather to perceived distance. No matter 
how large or small the physical projection on (he retina. an object 
will be perceived as relatively ¡arge when it is seen far away in 
visual space. and small when it is seen c10se by. However. when 
one scrutinizes objects in their surroundings one is not aware of 
performing any such adjustment of projective size to distan ce, 
and therefore the processes thal establish the so-called constancy 
of size must be inferred. Helmholtz maintained that the effect was 
brought about by what he cal1ed "unconscious judgment." The 
primary percept. he assumed. contains all the distorlions of projec
tion. butjudgment intervenes and corrects them. The theory has been 
attacked on three grounds. First, Helmholtz assumed that these 
correclions are based mainly on knowledge previously acquired 
and imported into the perceptual situation by the observer. This 
assumption seems to me untenable, but there is no need to argue 
the point here. Second. Helmholtz has been blamed for postulating 
the existence of "primary" percepts which nobody has ever experi
enced. This argument has losl its force since we have come to realize 
how much perception takes place below the level of awareness. The 
kind of reactive computation and correction, needed to straighten 
out the retinal distortions, is wel1 within the capacity of the nervous 
system and rather similar to maoy other mechanisms Ihat keep the 
organism goiog without conscious awareness or intervention. 

Third. Helmholtz's recourse to "judgment" seemed objectionable. 
Was il permissible lo assume Ihat the highest mental processes are 
involved in elementary perception? Actually, Helmholtz had no in
tentioo of intellectualizing perception. I nstead he believed. very 
much in keeping wilh what I am trying to demonslrale here. Ihat the 
kind of process observed in logical thinking occurs at the perceptual 
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level also. "There appears (O me (O be in realily only a superficial 
difference belween the 'conclusions' of logicians and those inductive 
conclusions of which we recognize the result in the conceplions we 
gain of the outer world through our sensations." 

Brighlness and shape as slich 

Mosl noteworthy is the awesome complexity ofthe cognitive proc
esses that must be performed in order lo make adequate perception 
possible. The properties ofany part ofthe visual field must be seen in 
constant relation to corresponding properties of the field as a whole. 
The perceived brightness of, say, a piece of paper is derived from 
its place on the scale of brightness that reaches from the brightest 
lo the darkest value visible in the field. Whal is being received is 
not an absolule but a relative value. I must repea! here what I said 
in discussing the perception ofshape: it does nol seem lo me to make 
much difference how much of Ihis complex feat of organization 
can be performed sponlaneously and early in life on the basis of 
innate mechanisms. Quile likely il takes time lo learn to see things in 
relation. Whal matters is that the cognitive process which produces 
the so-called constancies is of a very high order of intelligence since 
il must evaluate any particular entity in relation to an intticate con
texto and that this feat is performed as an integral part of ongoing 
perception. 

The accomplishment is spectacular enough whcn a given range of 
brightness holds good for the total field and determines the appear
ance of any objecl. regardless of where in the field it is located. 
Quite often. however. this mnge varies along a spalial gradient so 
thal Ihe same amount of reftecled light is perceived as a rela
tively bright object in a dark setling in one comer of the ficld and 
a re latively dark object in a bright sctting in another corner. This 
sort of situation is brought about by uneven il lu mination. for ex
ample. in a room brightly lit by a window or lamp on one side and 
increasingly darker at a distance from the source. Perception has to 
cope here. one migh[ sayo with relativity to the second degree. 

Perceived size. too. depends on its place on a scale. in this case a 
díslance scale. The farther away an object is seen. the more its size 
counts. At the same time. the range of the distance gradient as a 
whole will determine the size value of each location. This range does 
not necessarily equal the objective and physical one: it has been 
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shown. for example. Ihat observersjudge sizes as though Ihe horizon 
were only from fifty lO three hundred feel away. But whether or nOI 
the out come is correct is a question Ihat does not touch the intelli
gence of the perceptuaJ performance. Notice here also lhal as dis
lance determines size. so size determines distance. Dislance in 
depth has no direct equivalent in the two-dimensional projection of 
Ihe retinal image. The image registers only a gradient of diminishing 
sizes. and size is one of the factors determining depth perception. 
Such observation by indirection is an ingenious device, also used 
more consciously in order 10 measure the inaceessible Ihrough sorne 
correlated variable . for example. in physics, when temperature is 
measured by Ihe length of a mercury column. 

In the retina! projection, Ihen, the image of an object derives 
from the contributions of the physicaJ object itself as well as from 
those of the object's environment, an important part of which is the 
observer. The two components, united in the image, can be sepa
raled in perceplion because, and lo Ihe extenl to which. contex! as 
well as object areorganized wholes ralherthan mere conglomerations 
of pieces. Only because the brightness or color values of a given 
context are perceived as an organized sca!e can the brightness or 
color of an object be assigned a place in it, and (he same is (rue for 
the spatial gradients. Similarly, only because an object has a grasp
able shape in itself can this shape be distinguished from the deforma
tioos that an equall y well organized system of perspective imposes 
upon il. The les s c1early organized are (he context and the object in 
themselves. the less clearly can they be separated perceptually. In 
other words, perception can abstrae! objects from their eontext only 
because il grasps shape as organized structure, rather than recording 
il as a mosaie of eJements. 

I said earlier tha! Ihere are two different ways of describing the 
outcome of a perceptual abslraction. So far I have Ireated the so
called constaneies as though perception stripped the object of the 
"conlaminations" to which il is subjected by its surroundings, and 
showed it in isolalion. According to such a description , Ihe object 
is reduced lo ils invariants, the context and its effects drop out of 
sight, and constaney means invariabilily of appearance. The great 
variety of shapes. sizes. brightness and color values and so on. dis
played by the image in the retinal projection is supposed lO be re
placed by a frozen. immutable thing. 

To be sure, any theory must admit that originally the organism 
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receives full information on the contextual variations of the stimulus 
since what is not received cannot be processed; but according lO 
texlbooks of psychology. this rich informatíon is overruled and 
ignored in eonscious experience as thoroughly as possible. in the 
interest of a stable world populated by stable objeels. I suggest 
Ihat such stability is compatible wíth a much richer perceptual ex
perience than Ihal envisaged by rigid "eonstaney." For the moment 
I shall use size as an example of what is also true for Ihe other as
pecls of perception. 

First of all, the variety of object sizes is not a lawless assonment 
of separate ¡tems. scattered al random through space and time. On 
the contrary. as objeet and observer move around in space. the reli
nal projection goes through a gradual. perfectly organized modifi
cation of size. and the continuily of Ihis process preserves the 
identity of the objeel in spite of the ehange of size. James J. Gibson 
has strongly emphasized this fact. and William H. Inelson. follow
íng a Icad of Koffka's, has poinled out that in actual experience 
"continuity ¡s the rule. and constancy. as lraditionally invesligated, 
merely represents a sample pieked out for study from the more 
general experienced continuity." In other words. the primary 
physical facls, from which the sense of sight takes off. are nOI a 
bewildering spread of random samples bOl highly consistent 
processes of ehange. What is more. the size variations of each object 
are nOI only organized within Ihemselves bUI also relaled in an 
orderly fashion lo olher simi lar variations going on elsewhere in Ihe 
field at Ihe same time. For example. when the observer moves 
Ihrough an environmenl. Ihe projective sizes of ,,11 of its con
stituents ehange in accord. The setting as a whole is subjeeted 10 
a unified and consistent modification of size. 

Identity. then, does not have lO be extrapolaled from a random 
scauering of appearances. Inslead. the permanent character of an 
object can be established when and because the setting is pervaded 
by orderly perceptual gntdients. to which the objecl conforms. Now 
it is quite true Ihat under ordinary living conditions the con textual 
modifications of Ihe object remain largely unobserved: ils size. 
shape, color are conslant. This typicallack of awareness. however. 
shou ld nol be considered a universaltrait inherent in the nature of 
perception. InSlead il is. I believe. a special instance of a broader 
rule of cognition, according to which Ihe generality of concepts is 
nOI differentiated beyond necessity. i.e .. concepts remain as generic 
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as their application permits. To perceive an object as immutable is 
lo abstract it at the highest level of generality, and that level is 
appropriate for all those many situations in which vision is used for 
the purpose of handling objects physi¡;:ally. In the physi¡;:al world 
the ¡;:ontextual modifications observed in perception either do not 
exisl or do nol matter. But a person who needs the awareness of 
size differences-a painler. for example-will r.eadily leave the 
level of maximum generality and proceed lo the necessary refine
ment of perception. 

Three altitudes 

Experimental findings on the "¡;:onstandes" have nol been as dear
cut as the usual psychological trealmenl ofthe subjecI would demando 
The average resull for a large number of observers will indeed in
dieate a fairly high degree of constancy, bul individual reactions 
vary all the way from complete, or more than complete, constancy to 
hardly any al all. Also. when a person is asked lo change his attitude. 
toward what he sees he tends to produce quite different results. 
There appear to be three altitudes. One kind of observer perceives 
the contribution of the contexl as an attribute of the object itself. 
He sees, more or less, whal a photogmphic camera records, either 
because he stares restrictively and unintelligently at a particular 
target or because he makes a deliberate effort 10 ignore the context 
and to concentrate on the local effect. An example is the training 
needed for reali stic painting. It requires Iha! Ihe student learn 10 
praclice "reduction," Ihat ¡s, 10 see a given color value as il would 
look through a narrow peephole. or Ihe size and shape of an objecl as 
though it were flatlened out on a two-dimensional plane. The diffi
culties met in such training show how unnatural it is 10 see out of 
contexl. However, if such a reductive altitude is attained. il shows a 
given object as changing its character when the conlext changes. 
The Impress ionists Iried to replace local with context-bom color, so 
Ihat one and the same objecl. e.g., (he Calhedral of Reíms. looked 
quite different depending on the direction. strength, and color of the 
sunlight. Under certain conditions, such reduclion 10 appearance 
can make identification difficult. Ir 1 may use an example from a 
very different field of cognition: an observer watching an individual 
in various social situations may be unable lo grasp (he character 
of the person as such because of hi s constantly changing behavior. 
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He cannol abstract the "local color" of the person from the influ
ences exercised upon that persono 

This incapacity or unwillingness 10 view Ihe character of the 
particular object as the product of two separate contributions 
must be distinguished from two other attitudes, both of which do 
acknowledge lhe separation. One of them, airead y mentioned, 
seeks to peel off the ¡nfluence of the context in arder to obtain the 
local object in its pure, unimpaired state. The resultant object is 
constant, excepl for whatever changes it ¡ni tia tes by itself. The 
observer perceives Ihe spatia l location, iIJumination and so on, of 
Ihe objecl and uses Ihis informalion lo sublract the effect of the 
context from the character of the object as such. This is Ihe "prac
tical" altilude of cveryday life. The only reason for the housewife's 
interest in the green ligh! Ihat enJivens a display of vegetables is 
because she needs to know that the Icltuces and cabbages "as such" 
look rat her discolored. The scienlist also seeks lo establish Ihe 
nature of any phenornenon in ilself in order to distinguish il in each 
practical case from the conditions surrounding i1. 

Notice. by Ihe way.lhal in these instances the abstraction ofthe 
objeet "as ... lIch" cannol be represenled by any one practical reali
z .. Hion. No object can "how ils local color withoul being illuminaled 
by sorne li ghl SOll rce . which has a color of ils own. Physically. the 
weight of an object as such never exists wilhout Ihe presence of 
sorne gravitalional condition. Only within a man-rnade world of 
liction. conceived in such a way as lO e liminate interaclion-for 
example, in a textbook illustration. formula. or descriptive text - can 
Ihe sc icntisl show Ihe forces emanating from the sening as separ.tted 
from those inherent in the object. And in a child 's drawing Ihe Irees 
can be a splendid green, quite ¡ndependenl of any ¡nfluence by the 
yellow sun shining forth "oomewhere else in the picture. A view of 
consumrnated constancy created by Ihe absence of interaction is 
chamcteristic for certain styles of arto so rne early. sorne lale. whose 
intere~1 i ~ in lhe invariable objecl a\ ~lIch. I1 i\ characteri\tic al30 
for Ihe ab\oluli..,tic app roach 10 \Cie nce. Inleraction i ... represcnted 
as a meeting {lf serarate. unirnpaired entilies. 

Bul there is another way of acknowledging the distinction be
tween context and object. which does not aim al eliminaling Ihe 
effect of the seuing upon the objecl. On Ihe contrary. this third 
approach fully appreciales and enjoys lhe infinite and often profound 
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and puzzling changes the object undergoes as it moves from situa
tion to situation. In perception, the best example is found in the 
aesthetic attitude. The changing appearance of a landscape or build
ing in the moming, the evening, under electric light , with different 
weather and in different seasons offers two advantages. It presents 
an extraordinary richness of sight, and it tests the nature of the 
object by exposing it to varying conditions. A person perceived as 
the dominant figure in his home, surrounded by subordinate furni
ture, offers an aspect of the human kind quite different from the 
small creatures crawling at the bottom of a city street. In a film, one 
may see a car or a group of persons running a gauntlet of changing 
lights. illuminated brightly in one moment and plunged into darkness 
a second later. The enlightenment one gains from such varying 
exposure goes beyond aesthetics. Just as the mountains ofthe moon 
can be seen only when the sunlight falls from the side and casls 
shadows, so the scientist is constan ti y on Ihe lookout for novel 
situations. nol because there is virtue in (he collection of instances 
as such. bul because they may reveal fresh information. 

What di stinguishes this third attitude from (he one described first? 
The first view has the effects of the environment hide the identity 
of the object in a merry chase of transformations: the third sees 
the object unfold its identity in a muhitude of appearances. The 
permanence of the object, its inviolate identity. is realized by the 
observer of the third type with no les s certainty than by the one of 
the second. but his approach creates concepts quite differenl from 
those envisaged in Iraditional logic. A concept from which every
thing is subtracted bul its invariants leaves us with an unlouched 
figment of high generality. 5uch a concept is most useful because it 
facilitates definition. cJassification, learning. and Ihe use of leaming. 
The object looks the same. every time it is met. Ironically , however. 
this eminently practical attitude Jeaves the person without the 
support of any one tangible experience since the "true" size, shape. 
color he perceives are never strictly supported by what his eyes 
show him. Also the rigidity of such constancy may make the ob
server blind to revelations offered by a particular context and pre
vent him from reacling in a manner appropriate to the particular 
occasion. A most common form of unintelligenl behavior consists 
precisely in the misuse of constancy, Ihat ¡s. in the assumption that 
what was true befare must be true this time. 
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Keeping lhe con!ex! 

The kind of concept created by the third attitude is besl suiled lo 
productive Ihinking. Such a concept does IiOt suppress the differ· 
ences between the various species over which il presides as a genus 
but keeps lhem present in all..embracing comprehension. Quite apar! 
from the enjoyable richness such a conception gives 10 life , it also 
assures the artist as well as the scient isl of a continuing conlacl 
with the concrete manifestations of Ihe phenomena in which they 
are interested. A perceiver and thinker whose concepts are limited 
to the kind forcseen by traditional logic is in danger of performing 
in a world of paralyzed conslructs. 

To be sure, il would be imposs ible lo keep a greal variety of 
manifeslalions under one heading unless Ihey were held logether by 
sorne soft oforder. Here it should be remembered Ihal in perception, 
as I said earlier, ¡he various appearances of an objecl do nol eonsli· 
tute a "bewildering variety," bUI come in continuous sequenees. 
They come as gradual transformalions rather than as a wildly 
seattered multilude of differenl instances .. 

We have here a good model of the kind of order Ihal organizes 
the variety of possible manifeslations in concepts typical of any 
field of productive thinking. To use an illustration from literature: 
Shakespearc's Anlony exhibilS the conlradictory behavior of a 
diseiplined warrior and a surrendered lover. However. the contra· 
diclion exists only al the surface, as long as conlexl and "objecI" 
are nol separaled. Shakespeare offers Ihe eonlinuous presence of a 
figure whosc identily is not impaired bul unfolded by an orderly 
sequence of eircumstances. As Antony is observed moving among 
Ihe powers Ihat are embodied in Caesar and Cleopatra he di scloses 
himself gradually through his reactions. so Ihal the momen! of his 
death is also the moment of his eompleted revelation. Yet. al no 
time do we see Antony "as such." 

In painling, Impress ionism offers, as 1 said before. an extreme 
example of abandoned eonstaney. It shows local color and local 
brightness modulaled by Ihe inftuences of Ihe color and brightness 
faetors dominant in Ihe situation. However, thi s does not mean lhat 
the painter adopts Ihe auitude. mentioned first, of ignoring the con· 
lext and forcing the mind lo nail down each spOI in its isolated color 
value. A painter could nOl possibly produce a meaningful ¡mage 
by adopting the mechanical procedure of color pholography. True. 
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the Impressionists had to free themselves from the constancy effect 
of "practica!" vis ion, but nol in arder to reproduce the color of each 
spot with mechanical faithfulness. Inslead, Ihis freedom enabled a 
painter like Cézanne to present the identity of a mountain or tree as 
a lawfuJ, even though rich modulation of color values resulting from 
the ¡nteraction between the object and its world. Such a presentalion 
is as remate from overlooking the effect of the context as il is from 
eliminating it in favor of a unifonn and perhaps stereotyped image. 

The difference I have in mind is ilJustrated by the art historian, 
Kurt Badt, who confronls the naturalism ofthe Impressionists with 
the realism of Symbolists, such as Gauguin or Maurice Denis: 

The Symbolisls derived their represenlalion of Ihe world from individual objeets: 
they built j, around single figures, eomposed il of objeelS, in Lalin: res. Their 
intenlion was that of realists. regardless of the meaning they attributed 10 Ihe 
objccU. The Impressionisls proeeeded from impressions of the whole, from a 
eonnexion of things, inlo whieh these Ihings had grown and whieh Ihey had 
ereated by lheir natural growth .... In Iheir eoneeplion of the world aod io Ihe 
inleolion of their art, whieh had ¡he lask of showing Iha! eoneeplion, Ihe Im
pressionisls were naturalisls (using Ihe word I/ature in ilS original sense of I/asá: 
being born, wanling 10 become, growing). This means tha! there was in fael a 
profound differenee belween Ihe Iwo anistic lendeneies. But there is 00 differ
ence of rank or value between the two eoneeplions of reality. They are two 
equally good aspects of the same Ihing. For Ihis realily of the world exists, in 
man's eonceptioo, as connexion bul also as segregalion because the IWO can be 
thoughl of and represeoled only in mutual relation. 

TlU! abstrae/ion 01 shape 

In more than one way, perceptual abstraction can differ from the 
kind described in traditional logic. Typically, it is not a matter of 
extractiog common properties from a number of particular instances. 
Neither the "true" size nor the "true" brightoess or color of a 
perceived object is found in any one of its actual appearances. Per
ception points to a different ootion of abstractioo, a much more 
sophisticated cognitive operatioo. The perceptioo of shape io three
dimensional space iIIustrates this even more strikiogly. 

As long as nothing but the distance of an object from an observer 
is altered. the change affects only lhe size of the object: it shrinks 
or grows bul remains the same otherwise. Not so when the angle 
changes at which the object is perceived. lo that case, shape is 
affected by transformatioos, which are generally more complex 
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than those provided by Euclidean geometry. that is. mere transla
tion. rotation, or reReetion in space. Change of angle gels us into 
projective geomelry. II affecls the size of Ihe angles of the objecl 
and the ralios of lenglh: il alters all proportions. The resulting distor
tion is rulhless enough when the object is Iwo-dimensional. like a 
Ral piclure on Ihe walJ. It is much worse when the changing pro
jeclions of a three-dimensional objecl. sayo a regular cube, display 
a varying number of si de faces. The Hat pieture on the wa ll preserves 
al leaSI its quadrilateralily as an invariant throughout Ihe projective 
transformations. In Ihe case of the cube. a three-dimensional object 
of eight eomers is represented on the retina as a two-dimensional 
one of four or six corners. In spite of Ihis transformalion, a solid of 
constant shape is perceived in many of ils individual projeclions 
and also when Ihe cube lurns in space or (he observer moves 
about it. Here then is an even more radical example of an abstrac
tion in which the abstracted componenls are not eontained in the 
particular objects from which they are drawn. No one projection 
of Ihe eube is Ihe eube or conlains it as a part of its properties. (The 
project ions of (he cube preserve al least the straightness of its 
edges as an invariant elernent: in less simple solids even the shape 
of the edges changes.) 

How abstraclion is possible under such conditions is, al first, 
hard 10 imagine. BUI Ihe difficulty is lessened when one remembers 
lhal here again (he various projections of the solid are not dispersed 
randomly in space and time bul appear as lawfu l sequences of 
gradual change. Gurwilsch has maintained Ihal Ihe "harmony and 
concordance" of Ihe vanous aspecls within the sequence suffice to 
account for the perceived constancy of shape. He enlists the geslalt 
principie of "good continuation." by which elements are fused in a 
unified whole. He goes further and makes Ihe importanl observation 
(hal a particular aspect of an object conlains rel/l"Ois. thal is. ref
erences. which point beyond the given aspecl lo adjoining. subse
quent ones. This amounls to saying lhat incompleleness is an 
inherent characleristic of any particular aspect or appearance of 
an object-an assertion lhat holds true. in fael, for sorne aspecls but 
not for others. A Ihree-quarters profile does poinl lo the continua
tion of shape beyond its visib le borders. bul a straight profiJe or 
front-face does il much less. Certain slyles of sculpture reJy heavily 
on refll'ois 10 emphasize continuous roundness: see. e.g .. Michel
angelo's remark thal a figure should always be serpenllike. that is. 
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spirally twisted. But other slyles, espeeially arehaic ones, insist on 
composing the figure of independent views, eaeh complete in itself. 
A similar differenee exists in painting, say, between an Egyptian 
mural , limited to slraighl profile and frontal views, and the gyrations 
of a Tinloretlo. 

However, such perspeclive references are limited 10 making Ihe 
appearance of an objecl more dynamic by pressing for continuation 
beyond the given view. They promote a coherent sequence of views, 
but they are nol sufficienl 10 extraet from Ihis sequence Ihe ¡nvariant 
three-dimensional shape of the physical objece The views that 
follow each other in the sequence are fused in such a way as to 
appear as states of one and (he same persisting Ihing, but the pereept 
does nOI necessarily mainlain ils invariant shape. nor need it cor
respond lo the shape of the physical objece This can be seen in 
experimenls by Wallae-h and O'Connell on the so-ea lled kinetie 
depth -effeet. The shadow of a rotaling object projecled upon a 
screen is perceived in sorne cases "correetly" as the image of a 
ngid objeet in motion. Bu! when. for example. a rectangular block 
is rotated about an axis parallel to a pair of its edges. subjects see on 
the screen a dark. flat. rectangular figure which expands and con
Iraets periodically. Here the lawful sequence of aspects preserves 
Ihe identily of the percepl. whieh. however. undergoes prolean 
transformations. There is no constaney. sinee the shape of the 
projected physieal objecl is not preserved. 

Constaney of shape does result when the various aspeels of an 
objeet can be seen as deviations from, or distortions of a simpler 
shape. The various two-dimensional projeetions of a cube are seen 
as a cube beeause Ihat three-dimensional solid is Ihe si mplest. 
syrnmetrical. rectangular shape lo which they can all be referred. 
The etfect is made more compelling by the lime sequence. which 
display s a gríldual variation of the underlying invariant formo To 
speak of the variation of Ihe ¡nvariant involves no paradox here. 
The form subjecled lo the distortion remains invariably perceivable 
even though the distortion may vary. 

How then is it possible to perform an abstraetion without extract
jng common elernents. idenljeally contained in all (he particular 
instances? It can be done when certain aspects of the particulars 
are perceived as deviations from. or deformations oC an underlying 
struclure that is visible within them. In space pereeption, not every 
projection by itself fulfills Ihis condition. The square one sees when 
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looking head-on at a cube is not perceived as a deformation of the 
cube: it contains no renvoil'. However. when such a view is em
bedded within a sequence of other views. it will acquire the charac
ter of a deformation by the contexl and by ils relations 10 ils neigh
bors in the sequence. In the same way. the behavior of a person in 
a particular siluation may not appear. in itself. as the deformation 
of a simpler. underlying structure; here again the context of other 
situations may be needed to bring out the character of the particular 
one. 

Need less to sayo Ihis Iype of abstraction is a cognitive per
formance of high complexity. It requires a mind that. in perceiving 
a thing. is nOI limited to Ihe view il receives al a given moment but 
is able to see the momentary as an integral part of a larger whoJe. 
which unfolds in a sequence. William Hogarth has observed that 
"in the common way of laking Ihe view of an opaque object. that 
parl of ils surface which fronts the eye is apt lO occupy the mind 
aJo ne. and the opposite. nay even every olher par! of it whatever. 
is Jeft unthought of al a time: and Ihe leasl motion we make to 
reconnoitre any other side of the object. confounds our first idea. 
for want of the conneetion of Ihe two ideas. which the complete 
knowJedge of the whole wouJd nalurally have given us. if we had 
considered il in Ihe olher way before," Actually. this handicap is 
found not so mueh in the "common way" bul in painters mistrained 
to restrict their attention 10 what their eyes see from one particular 
point of view, But although the feat of realizing that a thing has 
many sides lo il and of perceiving each partial aspecl as an appear
ance of Ihe whole is quile cornmon. one must nol fail lO notice how 
much {rue intelligence Íl involves-an intelligence often left un
equalled al higher te veis of mental functioning. 

The persistence of shape. jusI as that of size. color. etc .. may be 
perceived in either of the two ways described aboye, Atable IOp is 
seen as a rectangle. buI the average person is nol aware of the per
speclive deviations from which he abstracts. This is so because the 
inilial generalily of a visual concept will be differentiated only lo 
the extent lo which ¡he purposes of the observer demand il. In 
the practice of daily life il is usefulto see the tabJe as an independent 
entity and lo use the perspective aspects of the ¡mage only as 
indieators of the objecl's localion relative to the observer. This 
practice is reHecled in early stages of art, which reproduce Ihe 
objective. permanent shape of objects as close ly as the medium 
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permits; a cube may be drawn as a square or with lhe oblique bUl 
paralleJ edges of isometric perspective. A richer perception observes 
and enjoys the enchanting and enlightening variety of projectively 
changing shape. The visual concept of the cube embraces the 
multiplicity of its appearances, the foreshortenings. the sJants. lhe 
symmetries and asyrnmetries. the partíal concealments and the de
ployments, the head-on flatness and the pronounced volumes. This 
more complex experience is reflected al so in art. be it in rather 
faithful renderings of perspective effects or in the freer interpre
tations of the shape of tables. chairs. or buildings in Cubist painting. 
Here the portrayal of the object serves to depict such aspects of 
human experienee as the variations of character revealed by con
texto the charms of lhe fugitive momento the distortions under 
pressure. 

Distortion calls for abstraetion 

Two furlher observations may help to illustrate sorne character
istics of abstraction in more general ways. First. the projective 
distortions nOl only permit lhe discovery of the prolotype inherent 
wilhin them; Ihey call for it actively. Projection produces not a 
slalic deviation but a dynamic distortion. which is perceived as 
animated by a tension directed towards the simpler form from which 
il deviates. The projection looks "pulled out of shape." More 
generally lhis means thal an abstraction is not simply drawn from a 
perhaps recalcitrant object but "found" in Ihe object. which calls 
for the abstraction. A diamond-shaped parallelogram is seen as a 
leaning rectangle. To abstraet Ihe rectangle from it means to comply 
with the request of the object. which wishes to be straightened out; 
lo leave the rectangle under its precarious pressure may satisfy. 
however. a need of tension. distortion. drama. 

Second. the dislorting features are perceived nol only negatively 
as an impurity. which interferes with the true form of the ¡nvariant 
object; they are al so seen positively as the effect ofa condition Ihat 
overlays the true shape of the object. The effect is understood as 
(he logical consequence of the object's position in space relative 
to Ihe observer. The perspective distortion of lhe cube is seen as a 
geometrically simple slanting or convergence of its invariant shape. 
and the lawfulness of Ihis imposed modificalion makes il possible 
for the mind to distinguish between what belongs to (he object's 
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shape per se and what is due 10 the projeclive distortion. Similarly, 
distortions inherent in a physical object itself are sometimes per
ceived as meaningful. The devialion from symmelry in Ihe shape of 
aIree may nOI be seen simply as a random imperfection bul as an 
underslandable effect of lhe lree's environment. The slunling of the 
symmelry is read visually as Ihe work of a foreign. invading force. 
and Ihe evidenl lawfulness of the imposilion faeilitates ils separa
lion from ¡he equally lawful symmetry. which is perceived as ¡he 
potential. "intended" shape of the (ree. Similarly, a depraved person 
muy appear lO be inhuman. To undersland such a person requires, 
firsl of al!. the ability te see him nol as an alien monsler bul as a 
distortion of human nalure. The abstraclion involved in deleeling 
human nature in this disguise is facilitated. and underslanding is 
enhanced. when the distortion is seen positively as the cffecl of 
definable inlerferences. such as social forces of deprivation and 
humiliation. In sueh C<lses also. to abstract does not mean simply to 
dctect and isolatc. in the depraved specimen. Ihe invariable cntity. 
"human nature." AIl aspeets of (hat nature-Iove. pity. hopeo 
devotion-may huye becn perverted. They CHnnol simply be cx
tricated. Instead. the per .. on's behavior musl become perceivable 
a .. a di"ilortion of the standard called "normal human beh~lvior." 
And here again the perception of Ihe distortion is not static. The 
cal! for reetificalion. that is. the demand 10 do something about the 
situation. is an inlrinsie component of the dü,torlion's very ap
pearance. 

P('r"wllt'lIce (Imi dU/IIf.:(> 

I hope I have succeeded in showing thal 10 dislinguish an object 
from the afflictions of its appcaranees is an awe-inspiring cognitive 
accomplishment. And yet. the examples I gave are only of the very 
simplest kind. The more complex the shape ofthe objecl.lhe harder 
the perceptual lask of eXlricating il. and the same is true when lhe 
inftuences of Ihe environmenl<\1 factors are les s simple Ihan those 
10 which I have referred. One mosl powerful complication needs 
al leasl lo be mentioned. The objects of perceplion are not neces
sarily rigid; they move. bend. twisl. lurn. swell. shrink. light up, or 
change their color. Here the task of perception is broadened in 
more than one way. It is often necessary. first of all. to see the 
physical changes of the object as deviations from a norm shape. 
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e.g., when the various motions of the human hand and its mobile 
fingers are understood perceptually as variations of that star·shaped 
organ known to the eyes as the hand. It may be equally necessary 
to see an object as a coherent happening or process, for example, 
when the growth of a plant is watched in an accelerated·motion 
film or when a bubble grows and explodes. 

Naturally, these objective, inherent changes of size, shape. and 
so on. enormously complicate the task of visually distinguishing 
them from the changes due to the location of the observer and other 
effects of context. Although performed with such ease in everyday 
practice. the perceptual abstractions needed for these tasks reveal 
a bewildering intricacy when their components are analyzed. 

The labors of vision create the view of a world in which per
sistence and change act as eternal antagonists. Changes are perceived 
as mere accidentals of underlying persistent identity: but perception 
also reveals constancy as the shortsighted look of change. Windel· 
bando in his introduction to a discussion of Greek thought, says: 
"The observation Ihal the things of experience change into each 
other spurred the earliest philosophical considerations." Visual 
perception supplied philosophers looking for permanence with 
evidence of Ihe arche, the world substance beneath the variability 
of material things. "which suffers these changes and is the origin 
from which all particular things spring and into which they retrans
form thernselves." Perception likewise offered visible proof that all 
things are in a flux of constant modification. Neither of these views 
could have arisen if sen se were not intelligent enough to extricate 
the lasting from the changing and to perceive the irnmobiJe as a 
phase of mobility. 



4. T wo and T wo Together 

To see an object in space means lo see il in context. The preceding 
chapter pointed lo ¡he complexity of ¡he lask accomptished every 
time ¡he sense of visíon establishes the size. shape. location. color. 
brightness. and movement of an object. To see the object means lo 
lel1 its own properties from those imposed upon il by its sening 
and by {he observer. 

Re/atio"s dep('lu¡ 01/ .tlrtle/I/re 

More generally. 10 see means lo see in relation: and Ihe relations 
aClually encountered in percepts are nol simple. This may come as a 
surprise. because the mechanisms of relation described in psycho
[ogica1 theory are orten quite elementary. Remember the old laws 
of association: ¡tems will beco me connected when they have fre
quently appeared logether: or when Ihey resemble each other. 
These I<lWS assume thal relations connecl piece by piece. and that 
these pieces remain unchanged by being tied together. 

Nothing so convenient ly simple occurs in the kind of example I 
have given. The appearance of any ilem in {he visual field was shown 
to depend on ils place and function in Ihe total slrUClUre and 10 be 
modified fundamentally by Ihal influence. Ir a visual ilem is extri
cated from its context it becomes a different object. Similarly complex 
situalions arise in other areas of perception whenever "two and 
two" are pUl togelher. Ihal is, when several items are seen as a 
unilary pattern. 

54 
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How is a visual object composed of the elements supplied by the 
retina! projection? How is an image composed of its parts? The 
simplest among the rules that govem these relations is the rule of 
similarity, which does indeed confirm one of the oldesl assertions 
of the theory of associalion: things that resemble each other are 
tied together in visiono Many objects look homogeneously colored 
because point-sized stimulations adjoining each other will fuse into 
a whole when lheir brightness and color are sufficiently alike. We 
see, for example, an evenly blue sky. Homogeneity is Ihe simplest 
product of perceptual relation. It is also lrue that when a sprinkling 
of ¡tems is seen on a sufficiently different background and sufficiently 
dislant from Ihe next sprinkling it will be seen as a unit. Similarity 
of location provides Ihe bond. BUI these most primitive connections 
work only when Ihey are protected by isolation or distance from 
more powerful structural factors. Among the constellations of the 
night sky sorne are ¡ittle more Ihan an assortmenl of dOIS, a bit of 
sparkling texture, accidental in characler and hard to identify. They 
owe their unity only 10 the emply space around them. Others hold 
logether much better and display a definite shape of Iheir own be
cause Iheir items fit into an order. The seven brightest stars of the 
Ursa Major are seen as a quadrilateral with a stem attached to one 
of its corners. Here the perceptual relations go much beyond con
nection by similarity. What is seen is indeed a conslellation, in 
which each item has a definite and unique role. Because of its 
graspable shape, the consteJlalion can al so be compared to familiar 
objects of similar visual slructure. such as a dipper. a wagon, or a 
plough. or an animal with a taiL lis relation to neighboring con
stellations is established by further structural connections. since 
two of its stars point 10 Polaris and its "tai)" leads to Arcturus, the 
bear-watcher. 

lo most examples intended 10 show Ihal similarity makes for 
perceptual grouping, the effect is 001 created by similarity aJone. 
Arrange a number of chips. sorne white, sorne black, in a rdndom 
arder, and you will see Ihem loosely related by color without any 
definite grouping: but let the white chips form a straight Jine or a 
circle. and their segregation from the black ones will be immediate 
and stable. That is. similarity will exert its unifying power only if 
the slructure of the total panern suggests the necessary relalion. 
For the purpose of our invesligation Ihis means Ihal the cognitive 
operations inherent in the perception of visual patterns are typically 
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Figure 2. Henri Matisse. Tabac Royal (1943). The Alben D. Lasker Collection. 

of a much higher order Ihan mere conneclion by resemblance. They 
require more perceptual intelligence. 

One need only look allhe role that resemblances among elements 
play in a work of arto They are frequenl and are used by artists for 
what Picasso once cal1ed assonances, "Painting is poetry and is 
always written in verse with plastic rhymes, never in prose." he 
said (O Fran~oise Gilol. "Plastic rhymes are forms that rhyme with 
one another or supply assonances either with other forms or with 
the space tha( surrounds them ... " A viewer discovering such 
assonances in a painting will thereby trace connections lhat may 
be essential to its structure. There is, for example. a painting by 
Matisse. T(/hae Royal, showing on its left side a woman sitting 
in a rather angular position on an angular chair and on the right a 
pear·shaped mandolin sitting on a curved chair (Figure 2). This 
witty parallel is as essential to lhe formal composition as it is to the 
expression and meaning of (he painting. The beholder is led to 
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conneet the two items because they dominate the picture and are 
placed in symmetrically corresponding locations. But there are 
many other resemblances in such a work which, if given a similar 
prominence by the beholder, would break up the structure of the 
whole by suggesting faJse connections. Students are often mislead 
into analyz.ing patterns by hunting indiscriminately for similarities 
of shape, color or spatiaJ orientation. without proper attention to 
the weight of the relation within the whole. Given the infinity of 
possible relations within a fairly complex visual pattern, the cog
nitive task of assigning to any particular instance its proper place 
in the hierarchy of the whole structure is most delicate. For ex
ample, a student of art history once insisted in a cJass of mine that 
for the proper perception of the facade of Palladio's church 11 
Redelttore the triangle completed in Figure 3 by dotted lines should 
be considered. It will be seen that while the relation exists it must 
remain subordinate if the overall symmetry of the two overlapping 
pediments is not to be destroyed. 

~----··~I 

Figure 3 

The hierarchy of compositional order determines which items of 
the total pattem are to be seen together and which are ¡ncom
mensurate. A Romanesque facade, such as that of the Cathedral of 



Figure 4. Cathcdral 
of San Rufino in 
A ssisi. (Pholo: F. 
Alin¡¡ri) 

San Rufino in Assisi. may subdivide al the top level of the hier
archy into Ihree horizontal layers, namely. Ihe ground ftoor, the 
second ftoor , and the lriangular pediment of Ihe roof (Figure 4). 
Each of Ihese principal units conlains a further. secondary sub
division : a group of three doors al the ground level. three windows 
at the second ftoor. Each door or window. in tu m, is subdivided into 
further panerns, which can be pursued down 10 Ihe smallest detai ls. 
This layering of slructurallevels suggests certain relations and bars 
others. The unity of Ihe whole is nol established by short cuts of 
resemblance between, say. a large and dominant feature and a small 
and ¡nsignificant one: only a stepwise descenl from level to level 
leads from the one lo the other. and only by way of this indirect , 
bureaucratic gamut can Ihe resemblance among hierarchically 
distant elements make il s contribution to the unity of the whole. 

Problem solving. in direct perception or clsewhere, makes il 
often necessary lO search out the identity of elements whose shape 
is destroyed by the overriding structure of the whole. This is il
lustrated in well known experiments requiring a person or animal lo 
find a given figure in a larger contexto The overall pattern may be 
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organized in such a way that it breaks up vital connections in the 
figure it contains, and unites sorne of the elements of the figure with 
others belonging to the outside. Such perceptual relations are often 
strengthened by functional connections established in the past. 
These , too, are part of the visual image that faces the problem· 
solver. For example, Kohler has shown Ihat a chirnpanzee may not 
succeed in seeing a branch on a tree as the stick he needs for re· 
lrieving his food. Here the perceptual connection between branch 
and tree , inherent in the physical object, is probably strengthened 
by the animal's past experience, which rnakes him see branches as 
parts of tree·cJimbing operations whereas sticks used as irnplements 
are separate objects. Those experiences. however, are not additions 
to the visual image bUI operate as parts of it. To see the branch on 
the tree as an implement is perceptually different from seeing it as 
a part of the tree. 

How is such a change of relation accomplished? It is nol enough 
for the animal to look al the problem situation because the mere 
scanning of what is before him will not bring into play the factors 
that produce the solution. Nor is the problem sol ved by thought 
operations taking place apart from the perceptual scrutiny. Rather 
there must be an interplay between an image of the intended goal 
("1 need something sticklike") and that of the situation directly 
given. Under the pressure of the goal ¡mage the problem situation 
restructures itself perceptually into: branch minus tree equals 
stick. 

Later on I shall have occasion to show how greatly such a bit 
of visual thinking resembles (he kind of problem solving that leads 
to sc ientific discoveries. Here the following example might suffice. 
We experience objects on earth as striving actively downward 
because of a power inherent in Ihem which we sense as what we call 
their weight. It is difficult lO perceive Ihem as being attracted by the 
earth. because no sensory experience suggests this inlerpretation. 
(Michotte in his experiments on the perceplion of causality did nOI 
succeed in producing an arrangement of moving objects that looked 
as though one object was attracted by another!) And yet it is pos
sible lO change the perceptual experience of an actively downward
pushing and moving weight into the equally perceptual one of the 
object being pulled down passively. In order to accomplish Ihis 
restructuring it is necessary lo let a goal image of atlraction make 
contact with the situation presently perceived. This perceptual 
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transformation of a common experience is al the root of Newton's 
contention that weight is an effect of gravitation; and without going 
through this transformation in his own senses no student can truly 
be said to have absorbed the theory. 

Pairing affects Ihe parlllen 

Relations among items of the perceplual field lurn out to be rarely. 
if ever. as simple as the models of association in traditional Iheory 
suggested. Mere resemblance is a strong bond only if supporled by 
the structure of the environment: and the relation does not leave the 
items untouched. but orten modifies them strongly. Whal holds for 
similarity is true also for contrast. Here Ihe relations among colors 
may serve as an example. Neighboring colors slrive to relate. When 
they are similar they lend to assimilate. thal is. lo minimize or 
eliminale the difference. One may see one homogeneous color 
inslead of two almost identical ones. When assimilation is not pos
sible. colors will change in the direction of Ihe simplesl relation 
Iheir difference olfen;. The striving toward complementarity is 
generally described as the phenomenon of "color contrast." Com
plementary colors complete ead other lO "whole" white light and, 
at the same time, exclude each other and thereby dilfer as much 
as hues can. Here again. as in assimilation. the partners may change 
their own appearance for the relation's sake, and it is inslructive lO 
note thal they may relinquish their own simplicilY in order to in
crease the simplicity of the relatíon among them. Under the pressure 
towards contrasl a pure red adjoiníng pure yellow may turn purplish 
while the yellow becomes greenish. The purity. which prevents Ihe 
two colors from relating to each other. is sacrificed in order to make 
the relalíon of opposition and completion possible. 

Confrontation may single oul. highlighl. and purify a parlicular 
quality. Two famous haiku by the Japanese poet Basho describe 
how silence is sharpened by the opposition of a noise. One of them 
can be translated as follows: 

Old pond: 
frog jump-in 

waler-sound. 

The poem suggests that the characterofthe pond is truly revealed to 
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the senses only through the momentary interruption of its timeless 
tranquillity. The other haiku says: 

Stillness: 
into the rocks pierce 

locust voiees. 

The extent 10 which the perception of a complex visual pattern 
may be modified by the presence of a second pattern has been 
suggested by unpublished experiments of a student of mine. Miss 
Anne Gaelen Brooke. Observers were asked to describe their 
impressions of two paintings of quite different style shown next to 
each other. Then. one of the pair was replaced by anolher picture. 
and the changes resutting from the new combination in the remain
ing picture were noted. These changes can be remarkably strong. 
and they oflen lead to distortions since the two works were not made 
for each olher. In one instance. Rembrandt's painting of the Polish 
rider on a white horse in front of a backdrop of brown rocks was 
paired with Jean Dubutfet's Lalldscape witlr Partridge. In the 
Dubuffet. a similarly brown and lextured mass fills much of the 
canvas. except for the top area. in which a bird is perched. The 
similarity of the two large, brown areas gave the background of 
Rembrandt's painting a new and unsuitable importance. Al the same 
time, Ihis very relation increased the depth between the foreground 
figure of the horseback rider and the backdrop. which looked too 
far away in contrast wilh its counterpart in the Dubuffet. where the 
textured mass filled the frontal plane flatly. When the Dubutfet was 
reptaced with a large running chicken by Chagall. there was a sud
den emphasis on the movement of the Ironing horse in the Rem
brandt and a corresponding fading out of the backdrop. Similarly, 
a slrongly stylized painting by Karel Appel made a Modigliani 
figure ¡ook realistic. whereas lhe same Modigliani looked suddenly 
tlal when confronted with a Cézanne portrait. These taHer examples 
show Ihat the experiments also demonstrated the distort ing effect 
of historical perspective in the arts. by which a work of lhe past is 
seen from the point of view of a slyle of the present. or vice versa. 

In these examples. an arbitrary confrontalion deformed lhe two 
components of Ihe pairo Inversely, one can demonSlrate how a por
tion of a painting may be disfigured by being isolated from the 
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rest of the work and how il acquires its true form when the contexl 
is re stored. 

Actually. Miss Brooke's experiments were designed lo illustrate 
the psychological mechanism on which metaphors are based in 
lit erature. There. Ihe pairing of two images throws into relief a 
common quality and thereby accomplishes a perceplual abstraction 
wilhout relinquishing the contex!s from which Ihe s ingled-out 
quality draws its life . For example. the poel Denise Levertov says 
to her reader: 

and as you read 
Ihe sea is turning its dark pages. 
turning 
ils dark pages. 

The motion of waves and the turning of pages canno! be filted in a 
unilary perceptual silualion. Confrontalion. however. presses for 
relation. and under Ihis pressure the common elemen!. the rhythmic 
turning. comes to the fore in its purity. conveying a sense of ele
mentary nature to the pages of the book and of readabilit y to the 
waves of the ceean. 

Relation. then. far from leaving the related items untouched. 
works as a condition of Ihe total context of which the items are 
parts and produces changes that are in keeping with the struclure 

-i. of Ihat COnlexl. Colors. in particular. are never seen in iso lation: 
Lhey are so puzzlingly variable as 10 justify a curious observation 
written by Goethe while he was concerned with Ihe theory of color: 

The chromatic has a slrange duplicil Y ando if I may be permitted such languallc 
among ourselves: a kind of double hermaphroditism. a strange daiming. con
necling. mingling. neulrdlizing. nullifying. ele .. and funhcrmore a demand on 
physiological. palhological. and ae~lhetica l effecl!>. which remains frighlening in 
spilc of longstand ing acquaintance. And yel. it is always so substanlial. 1>0 mater
ial Ihal one does nOI know ",hallo Ihink of it. 

This elusiveness io:¡ nol so much él particularity of perception as it 
is charactcri'ilic of cognition in general. The privilege of ob'ierving 
ever}/lhing in relalion raises underslanding lO higher levels of 
complexity and validily_ but il exposes Ihe ob~erver al the same time 
lo Ihe inllnity of possible connections. It charges him wilh the task 
of distinguishing the pertinent relalions from the impertinent ones 
and of warily walching the effects Ihing:-. ha ve upon each other. 
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Experience indica tes that it is easier to describe items in comparison 
with others than by themselves. This is so because the confronta
tion underscores the dimensions by which the items can be com
pared and Ihereby sharpens the perception of these particular quali
tieso However. the procedure has its dangers. It is easier to describe 
the United States by comparing it with China than by itselfwithout 
such reference; but the comparison highlights characteristics quite 
different from the ones to be gotten from a comparison with. sayo 
France. and is therefore arbitrary. 

Some of the modifying effects of relation may lake place al a 
very elementary physiological leve!. This may be true. for example. 
for color contrase But. as I pointed out at the beginning of thi s book. 
it does not matter for my argumenL al what level of the perceptual 
process an operation lakes place. At any leve!. perception in vol ves 
operations of a structural complexity simi lar lO tha! of cognitive 
behavi.or more in general. 

Let me give now a few examples frem the relations among shapes. 
especially symmetrical shapes. The strong connection uniting the 
corresponding parts of a symmetrical pattern comes aboul because 
these parts are identical in shape bul Opposile in spat ial orientalion. 
Through their opposition they add up to a highly unified whole. 
The coherence of such a whole is particularly strong when it is 
obtained by the mirroring of units which are irregular and unstable 
in themselves-just as two complementary color mixtures add up lO 
a slreng union. Two Jeaning lines (F igure 5(1) support each other in a 

Figure 5 

stable whole when Ihey are placed .symmetrically. Also. similar to 
what I pointed out for color. a shape may abandon its own stability 
in order lo adapt ilself to a stable whole: in Figure 51), Ihe line on 
the right tends to give up its verticalily in favor of a pos ilion sym-
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metrical 10 that of the left lineo A similar willingness to relinquish 
simple shape for the benefir of a larger eonfiguration is ev ident in 
the experiments in whieh shapes adapt to each other when perceived 
in sueeession ("figural after-effeet"') or simultaneously. For instanee, 
in Figure 6, laken from Kühler and Wallach, the left half of Ihe 

Figure 6 

Figure 7 

reelangle shrinks and eompensales thereby for its asymme triea l 
relalion lo the circ le . This rcsult s in a bctlcr balance of the two 
masses. Similarly, in Figure 7. {he square abandons its Qwn regular 
shape and shrinks on Ihe left, thereby counlerbalancing the oblique
ness of the two legs of the angle : Ihis dislortion ap proae hes sym
metry of Ihe whole as closely as the rather firm stimulus permits. 
Effects of this nature can be observed in man y other so-eall ed 
optical illusions. 

In a broader sense. sy mmelry is bul a specia l case of fittingness, 
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Ihe mutual completion obtained by the matching of Ihings Ihat add 
up to a well-organized whole. Convexity fits concavity, the key fits 
the keyhole, and in the fable lold by Aristophanes the male and the 
female yearn lo restore Ihe spherical wholeness of the original 
human body. Often a problem presents itself perceptually in the 
form of something "Iooking incomplete." and the s.olution may be 
found when the situation points to a completion. For example. in 
K6hler's experiments. a chimpanzee sees that two hollow bamboo 
sticks of different diameter fit each other. as soon as their position 
suggests a direct visual relation (Figure 8). 

Figure 8 

Basically. then. things relate by assimilation or by contrast and 
often by a combination of the two. Assimilation is probably the 
primary condition. Homogeneity prevails unless a sufficiently 
strong stimulus breaks up the field into separate units. as when a 
red object is seen on a green ground or when parts of the field are 
separated by a spatíal distance or when an object moves through 
an immobile environment. Separation by difference ¡mposes itself 
also when the observer is called upon lo make a choice among given 
items. Psychologists have studied this condition in the so-called 
discrimination experiments. 

Perceprion discrimina tes 

In these experimenls. an animal or person is made lo learn which 
of two simple stimuli. e.g .. two geometrical patterns. is tied lo a 
reward. Since there is no sensible connection between the visual 
sign and the reward the task is intellectually unattractive. though 
practically gainful. The best the ral or monkey or human subjecI 
can do is lo find out by repeated trials which figure is the winner. 
The experiments show how much perceptual intelligence is dis
played even under unfavorable conditions. 
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What animals see can be inferred only from whal Ihey do or by 
analogy wilh humHn experience. When firsl confronted wilh Ihe IWO 
slimuli of a discrimination experimenl. an observer is Iikely 10 see 
a fairly unitary pattern. more or less clearly subdivided inlo a sorne· 
whal symmelrical pairo This lack of emphasis on the difference 
between the two is especially probable when Ihe IWO shapes have 
nOI been endowed wilh any particular meaning by pasl expcrienee 
and therefore are united by being both new. The te~1 patterns may 
be sel off agains! the ground more or less clearly. The distinction 
between figure and ground is known lO be basie: it is more ele
mentary than the perceplion of shape. How closely related the two 
patlerns appear to be will depend on how near they are 10 eaeh 
othcr. how mueh they resemble eaeh other objeetivcly. and how 
much of that resemblance is pereeived. 

Whether or not the observer pays allentíon lo Ihe whole rather 
(han lo parts of Ihe panero depends on circumslances on which 
one can hardly generalize. Also, how many aspeets of form and 
color are grasped and what weight any one aspect earries in the 
whole will be influeneed by individual differences. Different kinds 
of animals are known lo ha ve preferenees in Ihis respeeL and the 
studies on ehildren indicale Ihal they respond more strongly lo 
color al one age and lo shape al anolher. Infanls are known to 
distinguish shapes rather well e.ven in the firsl Olonlhs oflife and are 
more inleresled in eertain kinds of figure than in others: for ex
ample. they will look longer al patlerned than at unp.merned ones. 
What malters for my presenl purpose is ¡hat neither in Ihe first 
confrontation a! Ihe beginning of Ihe experiments nor in later 
phases is vision likely to eonsis! in the meehanical recording of Ihe 
shapes and colors presented to the observer's eyes. 

Perceptioll compares 

The overall uniformity of the pair pattern is likely to be dominant 
until the situation ealls for distinction. This happens when Ihe 
observer realizes that one of the two figures is "right." the other 
"wrong,"" for instance, when Ihe choice of one of Ihem is rewarded. 
Under the pressure towards the reward. the view of the pallern as a 
unified whole gives way lO one of a pair of alternatives. Perception 
shifts from similarity to distinction. Differentiation takes place 
beeause the situation ea lis for il. 

During learning. ¡he distinguishing features of test palterns 
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come to the fore. The difference may be one of kind or of degree. 
If it is one of degree, such as size or intensity, learning is typically 
coneerned with the relation between the stimuli rather than with 
their absolute magnitudes. The observer, whether animaJ or human, 
learns to seleet the larger of two sizes or the darker of two grays. 
Within certain limits, he is unaffeeted by a transposition of the pair 
of values to a higher or lower loeation on the scale; and the intervaJ 
between the two values ean be narrowed or stretehed. Similarly, 
when the difference is one of kind,-red versus green or triangle 
versus eirele-Iearning will nol refer narrowly and mechanically 
to the specifie shade of green or the particular shape of the triangle. 
What is Jearned is the differenee between redness and greenness, 
between triangularity and eircularity. Cognitively. this means that 
the distinction demanded by the lask is kept al a level as generie 
as the task permits. This is the very opposite of a meehanical 
recording of slimulus values. 

Evidence of this intelligent eeonomy in perceptual leaming 
comes from experiments on "stimulus equivalen ce" or "slimulus 
generalizalion." Here learning mUsl be transferred to different 
sets of shapes or colors resembling the original one in sorne way. 
If. for example, a person or animal being tested has learned to 
choose a cirele rather than another figure, wilI the subject transfer 
this training to an ellipse? If he does. he shows himself eapable 
of abstracting the features whieh rounded shapes have in common 
from those in which they differ. This requires the twofold ability 
to discover the crucial common qualities and to disaJlow the ir
relevant ones. Not to see the resemblanee between two things 
or not admit il because the two things are not completely identical 
can be a symptom of limited intelligence. 

Different erealures vary as 10 what they are able and willing 
to aceept as resemblance. If a rat is trained with a triangle of 
solid black and is confronted with the mere outline of an identieally 
shaped triangle, it will hesitate at first. indieating that it does 
perceive the difference belween what it has leamed and what 
it sees now. But the resernblanee of shape will tend lo favor- the 
transfer. 

After alI, the outline of the triangle is identically present in 
both instances. This example, however, must not be taken 10 mean 
that transfer is necessarily easiest when the two pattems in question 
contaio the critical feature in exaetly the same formo What matters 
more is how easy or hard it is 10 spot the critical feature in its 
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context 1 referred earlier 10 experiments which prove what any 
artist knows from practica! experience. namely, that a given 
shape may be absorbed or dismembered by the structure of the 
surrounding pattern in such a way that it can be discerned only 
with great difficulty, whereas il may detach itself easily from its 
surroundings when its structure is relatively independent of that 
of its setting. Also, when Ihe crucial common feature has a very 
difTerent place and function in the two contexls that are 10 be 
compared-when il dominates the one bUI is subordinate in Ihe 
olher-il may be hard to discover even though it is of exactly Ihe 
same shape and delaches itself fairly well from ils surroundings. 
The animal's hesitation reminds us Ihat ¡he same item in two dif
ferent contexts cannot be said 10 be psychologically identical. 

In many experimenls. the elements on which abstraction is based 
differ considenlbly from each olher. When a ral is Irained 10 dis
tinguish horizontal stripes from verticaJ ones he will respond to 
¡he difference between horizontalilY and verticality even if the 
spalial direclions are represented only by rows of two or three 
dots each. In the words of Karl Lashley: "The differentiating 
characters are always abslractions of general relationships sub
sisting between figures and cannot be described in terms of any 
concrele objective eJements of the slimuJating situations." This 
raises the question of what the animal does in facl perceive if it 
does nOI see "any objeclive elements of the slimulating situations." 
How does one perceive an abstracI relation'! The question is indeed 
puzzling unless it is assumed, as I did in discussing the perceplion 
of shape, that to see an object is always 10 peñorm an abstraction 
because seeing consists in ¡he grasping of structural fealOres ralher 
than in the indiscriminate recording of delail. Which fealures are 
grasped will depend on the observer, bUI also on the total stimulus 
situation. A figure perceived in comparison with another. for 
example. may ¡ook different from the way it would appear by itself. 

What happens to the attributes of the training pallern which are 
not usable. or nOI used. for Ihe abstraction? In its responses. the 
animal may behave as though they had not been preseO! at all. 
Take the following twO examples from Lashley's experimenls. 
A ral ¡earns always to choose the larger of IWO circles. When tesled 
with pairs of other shapes. with IWO triangles for instance, il will 
again choose Ihe larger shape consistently. This suggests Ihat the 
ral learned intelligently. If he had learned mechanically by treating 
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all lhe attributes of the two pattems as though they were equally 
necessary for the solution of the lraining task, Iransfer would have 
been impossible. I nstead he concenlrated on the feature of size. 
which determined the discrimination. If the training period is fol · 
lowed by a test in which the rat must discriminate between a circ!e 
and another shape of equal area he shows no initial preference for 
Ihe circle. He behaves as though he had had nothing to do with 
circles befare. 

In another experiment. one group of rats is trained 10 choose 
a white circle of 5 cm. diameter on a black card and di stinguish 
it from a plain black cardo Another group receives the same lraining 
wilh an 8 cm. circle. If, after the training, the animals are asked 
lo choose an 8 cm. circle and reject a 5 cm. one, those of the second 
group would have an easier time if they had profited from the ex~ 
perience of always picking a circle of thal absolule size. No such 
difference belween lhe groups is found. 

Perhaps the animals actually nOliced only the fealures needed 
for the di scrimination or they forgot all the olhers. But Ihis is 
not the only possible explanation. A human subject . reacting 
similarly, might nevertheless be able 10 remember the roundncss 
of the training figures in the first experiment and the approximate 
size of the training circle in Ihe second. The training lask may 
eSlablish a perceptual hierarchy of features, dislinguishing between 
whal is predominanl and what is irrelevant. Sorne features are 
being endowed with the quality of irrelevance and therefore are nOI 
eligible for use in the test tasks. 

When more Ihan one fealure is usable for the solulion of (he 
lask, the animal may proeeed according to the preferences of ils 
species. ''" If a monkey is trained lo choose a large red cireJe and 
avoid a small green ane, he will usually choase any red object 
and avoid any green but will make chance scores when like~colored 
large and small circles are presented" although he is perfectly 
capable of learning [o discriminate circles by size. 

Wlwt looks alike? 

There are Iimits beyond which (he range of an abstraction refuses 
to be stretched. A chimpanzce, trained to choose a whi[e triangle 
on a black ground, will nol reaCI posi[ively to a triangular arrange· 
ment of s ix white dots on a black ground even [hough Ihe size of 
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the two figures is kept equal (Figure 9). A two-year-old child, 
however. will make the transfer. I1 is easy to see why the chimpanzee 
has Irouble wilh Ihis lask. The Iriangle is not spelled oul explicitly 
by contour bUI indicated only through the arrangement of lhe white 
spots. The distances between Ihe spolS must be bridged. In princi
pie, this is nol beyond lhe capacilies of an animal. I mentioned 
Ihal even a rat will respond 10 the horizontalilY or verticality 
of a pair of dOls. BUI apparenlly. when Ihe six dots are evenly dis-

• • • • • • 
Figure 9 

Iribuled so Ihal Ihe inlervals along the contours are equal to Ihe 
internal ones, Ihe triangularily of the whole cannOI impose il~elf 

sufficienlly for Ihe chimpanzee. The ~elf-contained circular ~hape 
of cach disk slresses Ihe charaCler of Ihe patlern as a loose ar
rangement of separate, closed unils. A grown-up human subject 
mighl find himself in él similar silU<Hion when. trained 10 look for 
triangles. he were faeed wilh a painting 'ihowing a triangular 
grouping of figures in Ihe style of Ihe Renaissance. Unle~s he is 
versed in Ihe refinemcnls of art apprccialion. Ihe accumulation of 
lhe Renaissance figures may nol add up for him lo a triangular 
wholc. It certainly would not for a two-year-old child. 

The feal of eXlriCi1ling a particular clement from a patlern 
shows intelligence al work within perception itself. Quite in general, 
¡ntelligence is often Ihe abilily to wrest a hidden feature or disguised 
relation from an adverse context. II is an ability Iha! can lcad 10 
importanl discoverics. At Ihe same time, the resistance of Ihe con
text 10 such an operation raises a peculiar problem. After all. there 
is good sense in Ihe warning Ihat "one must never lake things oul 
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of context." They may be falsified, distorted, and even destroyed 
by Ihe isolation. At the very least, they may be changed. The eurious 
question arises: how desirable is il to be able to penorm sueh 
extrieations? 

Consider the diffieulties Ihat develop for the subjects in the 
experiments on stimulus equivalence when the test pattern varies 
from the training pattern by its orientation in space. A triangle 
standing on one of its corners is accepted as the equivalent of a 
triangle resling on its base by a chimpanzee and a two-year-old 
child, bul nOI by a ral or a chicken. Even an adult person, capable 
of making such a transfer, will notice nevertheless a definite change 
of character and structure when a figure alters its posilion in 
space. On the other hand, il is well known thal children under 
five years of age do not turn pictures around whieh they happen 
to hold upside down. and they recognize objects in an abnormal 
position more easily than do adults. Kohler comments: "lo this 
sense they are for once capable of higher achievements ¡han we 
are." But a few pages later he objeels to the view that one of the 
oecessary compooents of form perception is (he ability to recog
nize a figure independenlly of its orientation in space: "Obviously 
from this poi nI of view the form perception of adults would be 
strikingly inferior 10 that of children." 

Probably the young child is not really abstracling from the 
context of spalial orientation. This context. be it psychological 
or physiological in nature, may be nOI yet accessible to him in 
pictures. In this sense he is inferior 10 Ihe mature rat or pigeon, 
who has acquired Ihat context but cannot abstraet from it. $patial 
orientation is a maller of basic biological importance. Living in 
a strong gravitational field as we do, we acknowledge the relation of 
an object to Ihe up-and-down dimension as a vital aspecI of ils 
nature. Aman who stands on his head is a very different crealure 
from one in the more orthodox position; and if he could nol lell 
the difference he would be severely handicapped. Weightlessness 
is perceived as a threat to the security of habitual orientation; and 
perhaps there is a broader significance to the experiment which 
has shown that the octopus-an animal adapted to water, (hat is, 
to an environment of reduced gravitational stress - accepts triangles 
as equivalent even though they ha ve been rotated in space. 

To lift something out of its context means to neglect an important 
aspect of its nature. In this sense, the inability (or shall we say: 
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the refusal?) of the pigeon or ral lO ignore a change of spaliaJ 
orienlation has its cognitive merits. On the other hand, progress 
and protit may come from the ability to spot similarities in spite 
of lhe differences of context. 

M ¡nd l'er.flIS compuler 

Analogy problems are often used in intelligence tests because 
the cognitive operations displayed in visual perception when a 
person discovers analogies among patlerns are surely intelligent 
behavior. This becomes particularly clear if one compares Ihe pro
cedure of the average person in such a test with the way a machine 
goes about the same task. Analogy problems take the following 
form: Given two pattems. A and B. can you select from a group 
of patlerns, 01, O2 • 03 , the one relaling to e as B relates to A? 
Since computers can be made to sol ve such problems they have been 
widely credited with "art ificial inlelligence." But not every problem 
that can be sol ved by intelligence can be sol ved only by intelligence. 
Intelligence is a quality of mental process , and when we caJI 
a diseovery intelligent we are justified in doing so if we have reasons 
to believe that it was made by a particular kind of procedure , 
namely by an understanding of the relevant structural fealures 
in the problem situation. The computer's procedure cannot be caJled 
intelligent unless one is willing, with earefree operationalism, 
10 define mental processes by their external output or unless one's 
notion of how intelligence function s is so mechanistic that the be
havior of the computer does in fact meet Ihe description. 

I t is embarrassing to realize (hat the problem solving procedure 
called intelligent in computers today is essentially the same which 
the psychologist Edward lo Thorndike attributed to animals in 
the 1890's in order to prove that they cannot reason. Al! that animals 
do, contended Thomdike, is to run blindly through a number of 
possible reacliens until they stumble upon a successful ene. The 
more eften the successful reaction oecurs, ¡he more smoo¡hly will 
il become connected. in the animal's brain. with the problem sit
uation. This association is no more intelligenl than ¡he behavior 
of rainwater thal runs more and more readily Ihrough a deepening 
gully. There is no understanding, said Thorndike. The computer 
differs from the behavior of Thorndike's hypothetical animals by 
running mechanically through the entire set of instan ces to which 
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it .is exposed whereas the animaJs limit themselves to random trials 
and operate more slowly. But the verdict is the same. 

There is no need to stress here the irnmense practical usefulness 
of eomputers. But to credit the machine with intelligence is to 
defeat jt in a competition il need not pretend to entero What, then, 
is the basic difference between today's computer and an intelligent 
being? It is that the computer can be made to see but not to pereeive. 
What matters here is nOI that the computer is wilhout consciousness 
but that thus far it is incapable of the spontaneous grasp of pattern
a eapacity essential to pereeption and intelJigenee. 

A geometrical figure of the kind used for analogy tests can be 
submitted to a computer, for example, by means ofa tablet on which 
a stylus produces the appropriate drawing. In order 10 make Ihe 
drawing suitable for processing it is dismembered inlo a mosaie 
of point-sized bits. This is very mueh like what the retina of the eye 
does wilh stimulus material. But Ihe analogy stops right there be
cause the decisive phase of visual proeessing takes place at a level 
of the nerv.ous system which, whatever its precise physiologicaJ 
nature, must funclion as a "fie ld ," that is, il must allow free inter
action among the forees generated and mobilized by the situation. 
Under .such conditions. the stimulus malerial will be organized 
sponlaneously according to the simplest overall pattern adaptable 
to it. and this grasp of structural fealUres is the basic prerequisite 
of perception and any other intelligent behavior. Gestalt psychology 
calls this procedure the approach "from above," that is, from the 
whole to its constituents. 

Today's computer, instead, proceeds "from below." It starts 
with the elements and, for all the combjnations it can produce, 
never gets beyond Ihem. Moveover, all il can give us about eaeh 
element is information of a binary nature. It can say yes or no , 
present or absent, black or white, or whatever other meaning we 
choose to attribute 10 its alternations. How easily this limitation 
can be overlooked may be illustrated by an example given by 
Marvin L. Minsky, who wishes to show that the computer is en
abled by "reasoning power" to " recognize a global aspect of the 
situation." The computer is able 10 describe Figure lOa as a com
bination of a square and a triangle. This looks indeed as though the 
machine were capable of perceplual organization. Purely meeha
nical reeording might desc ribe the figure as a group of ten straight 
¡ines. and equally meehanical processing will produce any com-
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bination of these elements whieh il is called upon to deliver. Figure 
JOb is one su eh possible combination; Figure lOe is another. 
However. the maehine has no preference for any one of these ver
sions of the material. unless such a preference is imposed upon it 
by the operator. The machine can be instructed. for example. to 
dissolve the pattern into a minimum number of cJosed shapes, in 
which case it will produce Figure lOe. If il is asked to dismantle 
Ihe design into cJosed figures composed of a minimum number of 
slraighl lines. it will again come forward with Figure lOe. And 
the same will happen when it is given the much more primitive task, 
as it is in Minsky's example. of looking in a for the shapcs con
tained in c. 

Figure 10 

The qualitative difference between the geomelrically simplesl 
arrangement and any other, more irregular one, exists in (he brain 
of Ihe programmer, nOI in his machi ne. The computer will pick out 
"global aspects'" of lhe situation if il is lold to do so and if these 
global aspects are redefined for il in piecemeaJ lerms as particular 
combinations of eJements. Thus instructed. il will faultlessly solve 
every task in which the strucluraJ principie 10 be applied can be 
reduced lo a mechanistic criterion. 

The difference between inlelligenl perception and the behavior 
of the computer turns out 10 be slill more fundamental if we realize 
that even such form properties as slraightness and closedness 
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cannot be grasped directly by the machine bul must be reduced 
lo combinations of point·shaped unils. To illustrate Ihis, I wilJ 
refer once more 10 pattem recognition by machi ne. A computer 
can be made to respond to basic slructural features of letters or 
numeral s and to neglecl other, irrelevanl properties of individual 
shapes. But it does so not by proceeding "from above," Ihat is , 
by comparing the slructural skelelon of a giveo letter with that 
of its norm shape and finding Ihem sufficiently similar. It proceeds 
"from below" by counting Ihe number of elemenlary places occu· 
pied in the picture·plane by both figures. Ir proceeds similarly when 
the matching process becomes more flexible by aJlowing for the 
tihing, stretching, or twisting of shapes. 

{I] 
Figure I1 

We are now ready to compare the ways in which Ihe human brain 
and the machine go about solving analogy problems. What happens 
when a person is confronted with a figure such as Figure Ila? 
The reactíon will vary somewhat from individual to individual as 
long as no particular context calls for concentration on specific 
struclural fealures. By and large, however, the observer is likely 
to notice a vertical arrangement, made up of two unil s. of which 
the upper is larger and more complex than the lower: he may also 
notice a difference in shape. lo other words, he will notice quali· 
tative characteristics of placement, relative size. shape, whereas 
he is unlikely lo notice much of the metric properties from which 
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the computer's reading of the panem must set OUI, namely, absolute 
size and the various lenglhs and distances by which this individual 
figure is constructed. If one asks observers to copy such a figure, 
their drawings wiJI show concentration on the topological character
istics and neglect of specific measurements. 

Confronted now with a pairing of {l and b. the human observer 
may have a rather rich and dazz.ling experience. He may see, at 
first, fleeting, elusive resemblance among basically different pat
tems. The over-all figure, made up of the pairing of the two, may 
look unstable , ungraspable, irrational. There are two vertical 
arrangements, combining in sort of symmetry; buI those two 
columns are crossed and interfered wilh by diagonal relations 
belween the Iwo "fi lled" large circles and lhe two smaller, unfilled 
shapes. The various struclUral fealUres do nol add up 10 a unified. 
stable , understandable whole. Suddenly, howeve r, the observer 
may be struck by the simple rectangular arrangement of Ihe four 
smaller figures: two equal circles on 10p, two equal squares al the 
bottom. As soon as Ihis group becomes Ihe dominant ¡heme or 
structuraJ skelelon of the whole. lhe remainder- the two large 
circles - joins Ihe basic patlem as a secondary, diagonal embcllish
ment. A structural hierarchy has been established. Now the double 
figure is slable , surveyable, understandable, and therefore ready 
for comparison wilh other figures. A first act of problem solving 
has taken place. 

If the observer lurns to Figure e, his view of Ihis new patlern 
is delermined from Ihe oulsel by his preceding concern with {l 

and h. Perceived from Ihe view point of {l. e reveals a similar 
vertical struc ture. distinguished from ti mainly by a secondary 
conlrast of shapes. The famil y resemblance is greal. the relation 
comes easily. But if C' is now paired with di. the resemblance looks 
excessive. the symmetry 100 complete. On Ihe contrary. a corn· 
parison wilh d2 offers 100 ¡¡u le resernblance. The correct partner. 
da. is recognized al once as the missing fourth elernent of Ihe 
analogy. if the relation belween (l and b had been properly grasped 
befare. 

This episode of perceptual problern solving has all the aspects 
of genuine thinking: the challenge, lhe productive confusion, the 
promising leads, Ihe partia! solutions, the disturbing contradictions, 
the flash appearance of a stable solution whose adequacy is self
evident, the structural changes brought aboul by the pressure 
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of changing total situations, the resemblance discovered among 
different pattems. It ¡S. in a smaJl way. an exhilarating experience, 
worthy of a creature endowed with reason; and when the solution 
has beeo found there is a sense of dis-tension , of pleasure, of rest. 

None of this is true for the computer-not because it is without 
consciousness but because it proceeds in a fundamentally dif
ferent fashion. We are shocked lO leam Ihal in order to make the 
machine solve the analogy problem the experimenter "had to 
develop what is certainly one of the most complex programs ever 
written. " For us the problem is nol hard; it is accessible even to 
Ihe brain of a young pupilo The reason for the difference is that 
Ihe task caJls for the handling of topological relations , which 
require the neglect of purely metric ones. The brain is geared 
precisely to such topological features. They inform the organism 
of the typical character of things rather lhan of their particular 
measurements. The machi ne. by telling the experimenter which 
quantitalive factors are germane to the solution and which are not, 
may lead him to hit upon the idea that topologicaJ entena provide 
Ihe answer; but the kind of machine we have today cannot itself 
behave 10pologicaJly. Topology was discovered by, and relies on, 
the perceptual powers of (he brain, not on counting and measuring. 
Inversely, the machine can also fumish the quantitalive data in
dicating the presence or absence of a topological condition, if 
mao supplies it with the necessary criteria. It can leU the experi
menter thal all the dots formiog a particular loop are amoog the 
dots located in an area thal is bounded by another loop of dots. 
From this informalion rhe experimenter can infer that the first 
loop lies inside the second, and the c1umsiness of the quantitative 
¡nformalion needed to supply the data for the simple topological 
conclusion explains why the programming for this task is so 
arduous. 

The prograrnmer must supply the topological dimensions of 
¡nside and outside, aboye and below, right and len, etc. , and jt 
is he who must work out the quantitative, non-topological criteria 
for their presence or absence. It is he who had lo decide in the 
first place that topological criteria were needed for the solution, 
and in order lo know this he had lo leam how lo solve such tasks 
before he ever submitted them to the machine. Without being 
tipped off beforehand by his own human disposition he would have 
no way of excluding the possibility that the anaJogy was based 
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on purely quantitative eriteria. The anaJogy could be based, for 
example, on the number of identieally loeated dots in the pairs 
of pattems. In that case, no human eye could hope to solve the 
problem whereas lhe compuler would do il with relish. 

By deciding that the task was topological the experimenter 
had made Ihe decisive intellectual step toward (he solution before 
the computer was approached. He thereby made il unnecessary 
for the machine to run through an infinile number of irrelevant 
relations as it would have to do if it were on its own-and on its 
own it would have 10 be if its conlest with the brain were to be 
carried oul in earnest. Len with the secondary lask of !inding 
out which of a given set of relations apply to the pattems under 
investigation il does ils work in a purely mechaniea! fashion. 
It runs Ihrough aH the criteria for all the given pairings of patlerns. 
and comes up with the correct answer more reliably and perhaps 
faster than the human brain bul without the use of a trace of in
telligence. The practica! efficiency of computations performed 
at electronic speed tends to make lhe observer overJook the in
telleelual inferiority of the procedure employed. 

The brain would be in the same precarious posilion if iI could 
nOI rely on perception. Only perceplion can solve organizational 
problems through sufficiently free interaction among al] Ihe field 
force s that constitute the pattems to be manipulated. In principie, 
of course, the handling of organizational problems by means of 
field processes is not inaccessible to machines. Few seientists 
still believe that organic meehanisms possess physical qualities 
that cannot be replicated eventually by man-made contmplions. 
If sorne day Ihe replication is made. Ihe machine can be expecled 
to display the kind of intelligence found in lhe perceptual behavior 
of man and animal. This would support rather than refute my 
argument. 

Someone may be willing 10 agree that the difference exisLs 
which I have tried lo describe. bul may not be convinced that 
il matters: "After all. the problems can be sol ved by either pro
cedure. and you admit that the machine may work more reliably 
and faster!" He may also point out (hat perception, after all. is 
also based on (he processing of elements and furthermore that 
anempts have been made lo reduce the principie of simplicity. 
on which perceptual organization is based. to a quantitative melhod. 
Julian E. Hochberg, for instance. has suggested that the structurally 
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simplest version oC a perceptuaJ pattern is the one that can be 
described or constructed with a minimum oC inCormation. He has 
given examples to show that the smaller the number oC angles, line 
segments, points oC intersection, etc. constituting the figure, the 
simpler is its perceptual organization. Let us assume that, with 
sorne refinement oC the scoring categories, the method would indeed 
work. In that case, a computer would be able to grade the qualita
tive structure oC a pattern by quantitative criteria. However, 
Hochberg was careful to describe the result of his procedure 
as a mere "quantitative index," a set oC "parallels" to the principies 
of visual organization. He did not pretend that he had discovered 
how shape is perceived. In fact. jt is one thing to construct and 
predict a particular organization of a stimulus pattern and quite 
another to obtain it by means oC the principie on which perceplual 
grasp is based. IC Hochberg's method is valid, it may serve most 
usefully as a quantitative indicator of structural simplicity, just 
as the extension or contraction of a mercury column makes it 
possible to measure an amount of heat. But the mercury column 
says nothing about the nature of heat . and the counting of lines 
and angles nothing about the visual structure they make up. The 
analytical formula of a geometrical figure , for example. of a circle, 
gives the location of al! the points of which the circle consists. 
It does not describe its particular character. its centric symmetry, ilS 
rigid cur .... ature. etc. 

Howe .... er. it is precisely Ihis grasping of the character of a 
given phenomenon that makes productive thinking possible. Let 
us remember why analogies are used for intelligence tests in the 
first place. Analogies are traced best by a person who can take 
hold of a basic similarity of character in the ¡tems he compares. 
He is capable of relevant abstraction when he deals with visual 
patterns. and intelligence testers go on the assumption that this 
ability is characteristic of his thinking more in general. His intel
ligence is revealed in Ihe way he perceives. 



5. The Past in the Present 

So faro visuallhinking has beco discussed on ly Fordirect perception. 
Even wilhin this limited realm (he cognitive openttions lurned out 
10 be remarkably rich. However. perception cannOI be confined 10 

what Ihe eyes record of the ouler world. A perceptual aCI is ncvcr 
isolated: il is on ly lhe mosl recent phase of a stream of innumerable 
simi lar aclS. performed in the pas! and sUfviving in mcmory. Simi
larly. the experiences of the presento stored and amalgamaled with 
the yield of the past. precondition {he percepts of the ruture. There
rore. perception in the broader sense mus! inelude mental imagery 
and its relation 10 direcl sensory observation. 

The effect of pas! experience on perception has received much 
attention by psychologisls. In fact. everybody unwilling lO credil 
direct perception itself with the shaping of sensory material has 
tended to atlribute this important functton lo the past. A viewe r 
is said 10 simply apply to the present what he has leamed about 
Ihings in the past; oro as Ihe conlention has been worded somelimes. 
we see things as we do because of what we expect them to look like. 
I have mentioned befare that this one-sided approach leads 10 an 
infinite regression and never comes lo grips wilh the queslion of 
how percepts were organized originally. 

The influence of memory on the pe rception of (he present is 
indeed powerful. But no shape acqui red in the pas! can be applied 
10 whal is seen in Ihe preseot unless Ihe percept has a shape in it
se lf. One can na! idenl'ify a percept unless it possesses an identity 
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of its own. How necessary it is to insist on this poinl can be seen. 
for instance. in a paper by Jerome S. Bruner. who comes close lO 
(he position taken in this book when he asserts that "al! perceplual 
experience is necessarily Ihe end product of a calegorizalion proc
ess." Howe .... er, looking at the paper more closely. one finds that 
according lO Bruner this categorizalion is limited lO pUHing Ihe per
cepts of the present into cubbyholes constructed in the past. AI
though he admits Ihat "certain primiti .... e unities or idenlities within 
perception must be ¡nnate or autochthonous and not learned." he 
does nOI see these unlearned calegories al work within direcl per
ceplion ilselr. But how can Ihe perceptual inpul of (he presenl be 
sorted into the categories of (he past. unless il possesses ci.ltegorical 
shape in Ihe first place? Bruner presents the sort of approach Wolf
gang Melzger has in mind when he says that psychologists often 
face the problem of perceptual organization "first al the le .... el of 
Ihe next-higher slorey," lhal ¡s. too late. Any secondary manipu
lation of perceptual material presupposes the primary shaping of 
that material in direct perceplion ilself. 

Forces aCling 011 memory 

If a perccpl is a categorical shape rather Ihan a mechanically faith
fui recording of a particular slimulus. (hen its trace in memory must 
be equally generic. This shape is unlikely lO remain unallered. 
Forces inherent in the shape ilself or pressing on il rrom the sur
rounding field of traces will slrive lo modify it in two opposite di
rections. There will be. on Ihe one hand. a tendency loward simplest 
structure or lension reduclion. The trace patlern will shed details 
and refinements and increase in symmetry and regularity. This 
whittling down of the trace lo a simpler figure will be checked by 
a counlerlendency lo preserve and indeed sharpen the dislinctive 
features oC the pattern. Experiments have indicated thal when ob
servers are shown a figure wilh the inslruction lO commit it 10 
memory as failhfully as possible "because your memory will be 
lested." they make an effort lO preserve the characteristics of the 
figure. Under such circumSlances Ihey will recollect. for example. 
Ihal a circle had a small g<lp. which otherwise might have dropped 
out in memory or nol been activel)' perceived in Ihe first place. 

Distinguishing characleristics will al50 be preserved and exag
gerated when they arouse reactions of awe. wonder. contempt. 
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Figure 12 
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amusement. admiration, and so forth. Things are remembered as 
larger. faster, uglier, more painful than they actually were. 

80th tendencies will be at work in the elaboratíon of each memory 
trace, paring it down lo greater simplicity and at the same time pre
serving ir and sharpening its distinguishing traits to the extent to 
which there are reasons to do so. The two can operate in any ratio 
of strength. At times. one of Ihem will clearly prevail. bUl there is 
no reason to expect that in every case a trace will show a clear
cut modification in only one of these directions. as has orten been 
assumed in the psychological literature. Figure 12 reproduces a 
random sample of drawings made by college students who were 
asked to do a picture of the American continent from memory. 
A st rong tendency lo align the two land masses more symmetrically 
and simply to a common vertical axis is checked more or less notice
ably by faithful observation and retention and by an active response 
lo the rather violent deflection toward the easl which distinguishes 
Ihe geographic position of South America on the map. 

A para llel to lhe two antagonistic tendencies in perception and 
memory. and surely lo sorne extent a manifestation of them. can 
be found in the visual arts. A striving toward "beauty" in the das
sical se)lse of the lerm makes for simplified shape and for tension 
reduction in compositional relations. Expressionist leanings, on 
the other hand. lead to distortion and high tension created by dis
cord. mutual interference, avoidance of simple order, and so on. 
These sty li stic forms are determined partly by the subject matter. 
partly by the purpose of the pi-:torial representation. but also by 
the general outlook and attitude of the artist or periodo And here 
again. the range between the more extreme manifestations of das
sicist and expressionisl tendencies is fiJled with works displaying 
all the shades of the variable ratio between the two. 

Antagonistic though the tendencies of leveling and sharpening 
are, they work together. They darify and intensify the visual con
cept. They streamline and characterize the memory image. This 
process is further enhanced but also hampered by the fact that no 
trace is len to its own devices. Every one of them is susceptible 
to continuous influence by other traces. Thus, repeated experiences 
with the same physical object produce new traces. which do nol 
simply re-enforce the existing ones but subject them lo unending 
modification. as an artist may keep changing a work for years while 
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he has il in his studio. Our image of a particular person is the quint
essence of many aspects and situations. sharpening. amplifying. 
altering iI. Traces resembling each other wiJl make contact and 
slrengthen or weaken or replace each olher. To put it in the terms 
of Kurt Lewin: memory is a much more Huid medium Ihan pero 
ception because it is farther removed from Ihe checks of reality. 

The result is a storehouse of visual concepts, sorne clear-cul 
and simple. sorne eiusive and intangible. covering the whole of the 
objecl or recalling only fragmenls. The images of sorne things are 
rigidly stereotyped. others are rich in variation. and of sorne we 
may possess several images unwilting to fuse into one unitary con
ception, e.g. the front·face and profile views of certain individuals. 
AII sorts of connection tie these images together. Although the 
tolal contenl of a person's memory can hardly be caBed an inte· 
grated whole. il contains organized c1usters of small or large range. 
families of concepts bound together by similarity. associations of 
all kinds. geographical and historical contexts creating spatial seto 
tings and time sequences. Innumerable thought operations have 
formed these panerns of shapes and continue to form them. 

Percepts supplemented 

Memory images serve lO identify. inlerpreL and supplemenl per
ception. No neat borderline separates a purely perceptual image
if such there is- from one completed by memory or one not direcUy 
perceived al all but supplied entirely from memory residues. It may 
be usefu!. therefore. 10 give here first a few examples in which an 
incomplete stimulus is compleled perceptually without any neces
sary recourse to memory. that is. to past experience. A pencil placed 
in such a way that its retinal projection crosses the blind spot of Ihe 
eye will look uninterrupted. Similarly. when brain damage blinds 
a person in certain areas of the visual field (hemianopsia), a circle. 
half hidden by the blind area. will look complete. So will nn incom
plete circle exposed lO observers for a split second or al reduced 
lighl. These are examples of what Michotte has ca1led "modal como 
plements" because gaps have been fil1ed in the actual percept. Como 
pIel ion s of this kind are likely lo be caused by the tendency toward 
simple slructure, inherent in Ihe perceptual process ilself. 

Equally perceptual in nalure are many instances in which ob· 
servers report that the complement is "actually Ihere" although il 
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is seen as "hidden." Michotte has investigated the so-caJled tunnel 
effect. The course of a train is experienced as perceptuaJly unin
terrupted when the train passes through a short tunne!. One can 
produce the effect experimentally even on a flat surface, for ex
ample, by making a dolor bar move toward an obstacJe, behind 
which it seems to disappear, only to "emerge" on the other side a 
moment later. Under favorable condítions, observers "see" the 
moving object continue its course " behind" the obstacJe although 
objectively no such behind exists. The percept is experienced as 
complete, so much so that observers are often unwilling to believe 
Ihat in actual physical fact there was no such cootinuity of the 
movement. The completeoess of the percept remains unimpaired 
even when the observer has beeo apprised of the physical siluation. 
The psychologist is compelled to assume that the coherence io 
space aod time of the two movements - the one before and the one 
behind the obstac1e-is such as 10 actually complete the impriot 
of the movement al sorne physiologicallevel. The stimulus sequence 
is interrupted, but the braio process it produces is nol. 

This musl be so al so in the many cases of perceptual induclion 
in which the limitations of the stimulus are clearly seen and yet Ihe 
percepl completes itself under the control of Ihis limited stimula
tion. Looking at the skeleton of a cube, one is perfectly aware that 
physically Ihe cube has no walls, and yet one perceives these walls 
equally clearly as glassy, immaterial surfaces boundiog the cube. 
(Michotte notes that when a wire cube rotates ils empty content is 
seen as rOlating wilh il.) The incorporeal quality of the walls is 
the result of a compro mise resolviog a paradox: they are seeo as 
physically absent and yet perceplually present. AII outline drawing 
is successful because the completion effecl fills lhe conlOured shapes 
with substance. 

We may hesitate to admit Ihat the unity of the two pieces of 
visible movemenl in a tunnel experiment can be a genuinely per
ceptual accomplishment. Has nol Piaget shown Ihat when ao infant 
sees a person disappear behind a screen he keeps watching the place 
of that disappearance and is distinctly surprised when the person 
emerges on the other side? Does Ihis nol suggest that perception 
supplies only the visible pieces and Iha! the inlelligent integration 
of the two is a secondary elabor.llion performed at "higher" levels 
on the basis of prolonged experience? Quite possibly the tunnel 
effect takes time lo develop. although Piaget's particular setup does 
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nOI neeessarily satisfy the eonditions on whieh the phenomenon 
depends even in adults. But sueh a gradual development does not 
prevent the final result from being a genuine percept. The tunnel 
effect. as so man)' other perceptual phenomena. presupposes that 
the slimulus situalion be surveyed as a whole, and it is this eompre
hensive way of looking which. in many instanees. develops through 
lhe gradual extension of an originally lirnited view. Units of lhe 
pereeptual field that are sufficiently self-contained are seen at first 
by themselves. and only when the range of lhe survey has been 
sufficiently enlarged will the whole be integrated spontaneously in 
perception. This happens in the dimension of space. bul also in that 
of lime. The selF-eontained rnovemenl before the obslacle is gradu
aHy integrated with the laler movement after Ihe obslacle until 
the two form an unbroken perceptual evenl. 

Whal is attained here by mental growlh is nOI the capacily to 
conneel pereepts by sorne secondar)' operation but the condition 
that alJows perception gradually to exercise more of its natural in
lelligence. The differenee will be evident to anybody experienced 
in the arts. A beginncr may see his own work or that of olhers in 
pieces , grasping cerlain sections bUI nOI Ihe whole. After over
coming Ihis limilalion he sees the work as a genuine perceptua! 
unity. which is more th'ln a combinalion of Ihe pieces originall)' 
perceived. 

The resull of lhe lunnel situalion is quite different when Ihe eom
plemenl is due merely lo the observer's kllowledge of what Ihe 
physical state of affairs is or can be presumed lo be. I see <ln old 
lady, who is walking her dogo disappear behind a house thal hides 
a part of her path. Although I can assume Ihal she continues lO 
walk steadily 1 "lose" her while she is behind Ihe house. A new 
percept begins when she reappears even while my knowledge tells 
me: There she is now! Similar!y. in the tunnel experience, Ihe mov
ing objee! rades out and is re-activated after an inlerval when Ihe 
lunnel or the lime interval is loo long. In olher words. Ihe comple
tion of the incomplete. one of the fundamental accomplishmenls of 
imelligent behavior. is purely perceptual when Ihe structure of the 
context is sufficienl ly slrong to determine the nature of Ihe missing 
portion. 

The effect is less compelling when we "see" Ihe hidden back 
side of an object completed in accordanee with the shape of the 
visible parto The continualion beyond the limits of lhe visible is 
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genuinely perceptual, but the actual nature of the continued part 
remains vague. For example, the shape of a ball. because of its 
visible incompleteness, makes us see the voJume as continued 
whereas its color presses for no such completion but merely lends 
itself to it. When a disk or rectangle is partly hidden from sight, 
the slructure of Ihe visible portion is often not slrong enough to 
actually spell out the rest of the figure. The continuation as such 
is indeed compeJling, and il is also true Ihat we would be surprised 
lO see anything but the remainder of the disk or rectangle emerge 
from behind the obstacle. Bul Ihe actual visualization is fairJy weak 
and becomes increasingly weaker the less the hidden portion is 
determined by Ihe character of what can be seen. The head and 
chest of a person looking over a wall are seen as incomplete and 
continued behind the wall: but the hidden torso and legs are nol 
directly perceptual completions of the visible parts. They are sup
plied only by visual experiences ofthe past and therefore much less 
compelling. 

Michotte calls complemenls "amodal;' when they are not strong 
enough lO replace Ihe missing portioos in such a way as to make the 
figure look as though nothing were hidden or absent. Our few ex
amples have shown Iha! amodal complements come in all grades 
of strenglh. from the tunnel effect, which uoder optimal conditions 
defines the hidden portion mosl compellingly, lo instances of com
pletion relying strongly on whal has been perceived in the past. 
Perceptually weak though Ihese latter effects may be, they are oev
ertheless a mosl valuable enrichment of visual experience. They 
interest us here because they show the inlertwining of data of the 
present wilh data of Ihe past. which is so typical of all genuine 
thinking. 

To see Ihe ;llside 

Much of what is known about the hidden inside of things presents 
itself as abona fide aspecl of their outside appearance. I see the 
typewriter cover as conlaining my typewriter; 1 see the Peruvian 
da)' pot on the shelf as empty. This knowledge is entirely visual. 
Visual acquisitions of Ihe past are lodged in the appropriate places 
of m)' presenl perceptual field , completing il mosl usefully. The 
typewriter is nol only known to be under the cover bul seen as 
being there - seen. in fact, in the appropriate position defined by 
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the spatial orientation of the cover. (At times. external appearance 
seduces us to see hidden objects in a position we may know to 
be wrong: for example. behind the turned-down Iids (he eyes seem 
downcast although actually they face straight ahead.) The intel
ligence of these perceptual complements becomes particularly 
evidcnt when one remembers that nol everything an observer knows 
autom¡ltically becomes a part ofhis visual field. Completion is selec
tive. Aman may see a certain young lady as a female body covered 
with clothing whereas her mother's figure may be determined for 
him entirely by her external dressed shape. No male nurle is seen 
hiding in (he uniform of the train conductor.l.mrl only under special 
conditions will the head of Ihe young lady appear as lhe surface 
cover of a skull. which in turn encloses the kind of brain known 
from the butcher shop or anatomy book. The Venus from Melos 
has no intestines: and Ihe telephone may not conlain visually the 
bell and wires I know ure in it. In fact. many object~ of practical 
use are designed so as nol to suggest any internal technology. They 
are more attractive when their appearance points 10 no physical 
mechanism. Under such conditions. the perceptual ¡nside is not 
culled for by the outside. as the back side of the ball is called for 
by its front: it is merely avaiJable. h will partake in the visual work 
only ir it is relevant lO lhe observer. 

Given the visual nature of such knowledge. there is no break 
between what is known and whal is seen. The inside fits snugly 
inlo Ihe outside. This continuity extends perception bcyond what 
is depicted on Ihe retinae. The mind is not held buck by (he sur
faces of Ihings. They are seen either as containers. or their inside 
appears simply as a homogcneous continuation of (he outside. Only 
under special conditions is the outside experienced as an obstacle. 
which checks (he freedom of penetration. for inst;\nce, when an 
enclosure prevents us from knowing whal we wanl lo know or when 
il appears as an impediment to someIhing that wants lo get OUI from 
inside. In a case of schizophrenia published by Marguerite Seche~ 
haye, the patient had her first inkling of abnormal eSlrangement al 
the age of five when she heard Ihe voices of school chiJdren prac~ 
ticing a song while she W3S walking paSI the building. "1 t seemed 
to me thal I no Jonger rccognized the school. it had become ¡IS large 
as a barracks: Ihe singing children were prisoners. compelled lo 
sing. It was as Ihough the school and the chiJdren's song wcre set 
apart from the rest of the world." 
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Visible gaps 

Visual knowledge is also responsible for the many examples in 
which the absence of something functions as an active component 
of a percept. James Lord reports a reaction of the artist Alberto 
G iacometti: 

He began 10 painl once more, bul afler a few minutes he lumed round lo where 
Ihe bus! had been, as Ihough 10 re-examine il. and exclaimed. "Oh. it's gone! I 
Ihoughl il was sli11lhere, bUI it's gone!" Although I reminded him Ihal Diego had 
taken il away. he said, "Yes. bul I thought il was there. 1100ked and suddenly I 
saw empliness. I sal\' (he empliness. It's (he first time in my life Ihal Ihat's hap
pened lo me." 

To see emptioess means to place ioto a percept something that 
beloogs there but is absent and to notice its absence as a property 
of the present. A setting io which lively action took place or is 
expected to take place looks strangely motionless; the emptiness 
may appear pregnant with events lO burst forth. Sechehaye's patient 
reports: "1 n the endless silence aod the strained immobility, I had 
the impression that sorne dreadful thing about lO occur would break 
the quiet, something horrible, overwhelming." 

Rarely do the contributions of the past to the preseot attempt or 
succeed in actually altering the given stimulus material. Rather, 
Ihey use openings offered by that material. An empty spot is such 
an opening. In the language of the psychology of perception one 
may say lhal the stimulus material can be perceived as the ground 
for an absent figure. This effect may be brought aboul experi
mentally. Siegfried Kracauer quotes the film director, Carl Dreyer, 
iIIustrating Ihe mood he wanted to ohtain in his Vampyr: "Imagine 
that we are sitting in an ordinary room. Suddenly we are (old Iha! 
there is a corpse behind (he door. In an instant the room we are 
sitting in is completely altered: everything in it has taken on another 
look; the light, the atmosphere have changed, though they are 
physically the same ... This is the effect I want to get in my film." 

Relevant here are the many instan ces io which an objecl is visually 
endowed with what it is lO be used for. The psychiatrist Van den 
Berg describes the look of a bottle of wine he had set on (he Hoor 
near the fireplace to warm il in preparation for a friend's visit. When 
(he friend calls his visit off, the room seems quieter, the bottle looks 
forlorn. loa much broader sense, all implements tend la ¡nelude in 
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their appearance the invisible presence of what is needed 10 fulfill 
their funetion. A bridge is pereeived as something to be walked 
over, a hammer as something lo be gripped and swung. This ex
tension is mueh more tangible than would be a mere associalion 
between an objecl and its use, or Ihe mere understanding of what 
the object can serve 10 do. It is lhe direct perceptual completion of 
an objecl Ihal looks incomplete as long as il is unemployed. This 
becomes evident when we look al such objects displayed in an art 
museum or exhibition. In Ihe company of works of art they are now 
regarded as pure shape, and the absence of their visible function 
can change Iheir appearance quite strangely. A pair of eye glasses 
deprived of its connotation by such a display becomes a spidery. 
blind-eyed ghost. Sorne modem artists have succeeded in alienating 
the familiar simply by presenting utensils of our daily lives as 
objecls of contemplation. 

R ecogll¡t üm 

The most useful and common interaction between perception and 
memory takes place in the recognition ofthings seen. Visual knowl
edge acquired in Ihe past helps nol only in detecling the nalure of an 
objecl or aclion appearing in the visual field: it also assigns the 
present object a place in Ihe system of Ihings conslituling our tolal 
view of lhe world. Thus almos! every acl of perception involves 
subsuming a givcn particular phenomenon under sorne visual con
cepl-an operalion mosl Iypical of thinking. 

As I poinled out earlier. Ihis subsumplion can lake place only if 
perception involves also firsl and foremosl lhe formation of a con
cept of Ihe objecl to be classified. The objecl of classification is nOI 
simply "the sensory stufffrom which percepts are made:' as Bruner 
calls il in Ihe paper lo which I referred earlier. The mind cannot 
give shape to Ihe shapeless. This has been evident. for example. in 
Ihe development of Ihe so-ca11ed projective teehniques in psychol
ogy. Amorphous malerial rnighl be expeeted lO give Ihe mind Ihe 
ulmost freedom to impose its own conception on Ihe sensory stuff. 
I nSlead. Ihe responses 10 10laJly unstruelured stimulation are poor 
and graluitous. It takes a rieh assortment of clearly articulate but 
ambiguous paneros. such as those of Ihe Rorschaeh inkblols, 10 

make Ihe mind respond with acts of reeognition. Recognition pre· 
supposes Ihe presenee of something 10 be recognized. 

I t is true thal perception and recognition are inseparably inter-
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twined. And yet. if one considers the primary organization of the 
stimulus to be too elementary to de serve much attention one will 
miss the important and interesting spectacle of interaction between 
the structure suggested by the shaping ofthe stirnulus configuration 
and the components brought into play by the knowledge. expecta· 
tion. wishes and fears of the observer. In sorne cases, this effect of 
the observer's attitude on the percept is minima!. The sight of red 
and green traffic signals is determined almost totally by the nature 
of the color stimuli. although the response to them has been ac· 
quired by learning. The effect is maximal in hallucinations since a 
powerful need can impose an image of (he observer's making on the 
scantiest objective coodition. When the starving prospector in 
Chaplin's film. The GQ/d Rush. sees his companion as a huge, 
appetizing chicken he has nothing objective to go by but the shaggy 
appearance and stalking gait or the other man in his heavy fur coal. 

A percept will be classified instantaneo.usly only ir two condi· 
tions are mel. The percept must define the object clearly and must 
resemble sufficiently the memory image ofthe appropriate category. 
When these conditions are fulfilled. seeing a car is tantamount to 
seeing it as a caro Orten. however. there is enough ambiguity in the 
stimulus to let the observer find different shape patteros in it as he 
searches for the best fitting model among the ones emerging from 
memory storage. Memory concepts aid this search by being no less 
flexible than percepts. Under the pressure of the need lO discover 
the suitable equation ("This is a car!") various aspects of such a 
concept may be called upon untiJ an appropriate one presents itself. 
Oifficult cases make the mind resort to ingenious acrobatics in order 
10 adapl the two structures lo each other. However, percepts are 
stubborn enough to admit modifications only within the range of 
Ihe ambiguities they contaio. Insufficieot attention has been given 
10 Ihis facl by psychologists studying the mechanisms of '·projec· 
tion." They have explored what is seen and for what personal rea· 
sons il is seen. but they say Iiule ofthe stimulus condilions exploited 
lo this end. Strongly subjective though the impulses are in such 
perceptual acts. they are still bound by a profound respect ror what 
is given to the eyes. save for extreme abnormal behavior. 

Scientific exploits consist orten in discovering good fits hidden by 
Ihe primary appearance of the evidence, yet applicable through in· 
genious re-structuring. Copernicus succeeded in seeing the intri· 
cate gyrations of lhe planels as simple movemenls of these heavenly 
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bocHes overlaid by the effects of an equall y simple movcment 
performed by the observer's base. Figure 13 shows in a schematic 
diagram how ¡he erratic back-and-rorth motian of an observed 
planet can be seen as c ircu lar and steady when the observer's base 
is assumed to be rotating a150. In arder to re-structure the problem 
si luation in this way. Copernicus had to free himself of the sug
gestions imposed upon him by the directly given astronomica l 
¡mage. He al50 nceded a remarkable visual imagination. which let 
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Figure 13 

him Jight upon (he idea that a madel of very difTerent appcarance 
could be applied lo the situat ion he saw. Playful examples of visua l 
paradoxes ingeniously exploited muy be found in the "droodles" 
of the cartoonist Roger Price. Thcy are good study material for 
any explorer of visual perception. Figure 14 shows a droodle pro
duced. I hope origina ll y, by one of my students and accompanied 
with the caption: "Oli ve dropping into martini glass 01' Close-up 
of girl in scanty bathing suit." 



THE PAST IN THE PRESENT 93 

William James uses the term preperception for such instanees, 
in which stored visual coneepts help to recognize insufficiently 
explieit pereeptual patterns. However. James shows the traditional 
mistrusl of unaided perception when he asserts that "the only things 
whieh we commonly see are those whieh we preperceive, and the 
only Ihings which we prepereeive are those which have been 
labeled for us, and the labels stamped into our mind. If we lost our 
stock of labels we should be inlellectually los1 in the midst of the 
world." 

It is true Ihal visual knowledge and eorrect expeelation will 
facilitate perception whereas inappropriate visual concepts will 
delay or impede il. James refers lO early experiments by Wundt in 
which reaetion time is shown to be shortened or lengthened depend
ing on whether Ihe appearance of a particular stimulus is expeeted 

o 

Figure 14 

or nol al a particular momenl of Ihe sequence in which it appears. 
Bruner cites recen! work to the same effect as well as a study of his 
own in which one and the same figure was read as a numeral or a 
leUer. depending on it setting. A Japanese reads without difficulty 
ideographs prinled so small Ihat a Westerner needs a magnifying 
glass lO diseern Ihem, nol because the Japanese have more acute 
eyesight but because they hold the kanji characters in visual storage. 
For similar reasons. bird watchers, hunters , mariners . physicians. 
or microbiologists onen seem endowed with superhuman powers 
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of vision. And the average layman of loday has no trouble perceiving 
human figures or animals in Impressionisl paintings that looked like 
assortmenlS of meaningless color patches eighty years ago_ 

The effect of the past upon Ihe present shows up even more 
dramatically when one meets an old acquaintance for the first time 
after several decades and sees his face suddenly sharpen or shrivel 
likc the portrait of Dorian Gray. The remembered face transforms 
itself in fronl of one's eyes into the presently perceived one. Or take 
the experience of seeing. at sorne distance. a person you recognize 
as someone you know. The familiar figure looks uncannily deformed: 
a curious dragging of the gail or a disturbing stoop - until you dis
cover thal the person is not your friend al all bul a stranger. at which 
poinl the drag and stoop disappear because lhe memory basis of 
reference from which they devialed no longer exisls. What looked 
abnorrnal in the friend has become the normal speed and stance 
of a slranger. 

It should be noticed thal the effecl ofsuch "preperceived" images 
depends not simply on how orten their prololypes have been mel 
in the pasl bul also quite importantly on whal the nature of the given 
context seems lo cal! foro What one expecls to see depends con· 
siderably on what "belongs" in that particular place. 

The perccption of familiar kinds of object. then. is inseparably 
related lo norm ¡mages the observer harbors in his mind. For ex· 
ample. there is a norm image of the human figure. symmctrical. 
upright. frontal. as reftected in lhe drawings of children and other 
early stages of pictoríal conception. Whether or not a particular 
figure. encountered in daily ¡ife or in a picture. is recognized and 
accepted as human dcpends on whether the beholder can see il as 
a derivate of hi~ norm figure. He may recognize Ihe human frame in 
a painting under various aspects. jusi as in the perceplion oflhrce
dimensional objecls Ihe perspective varialions are seen as devia
tions rrom a norm shape. A figure can also be bent and twisted 
in many of the postures to which the joints of the body lend them· 
selves and yel be recognized as a declension ofthe familiar formo To 
whal extremes a particular observer will follow such deviation 
depends on the range or his visual experience. the attention he pays 
10 it, and his flexibility in the handling of standards. 

For the purposes of Ihe visual ans. Ihe psychology of recogni· 
lion must stress two points. First. whal is recognized in daily tife 
is not necessarily accepted in pictorial represenlation also. PiclOrial 



Figure 15. Georges 
Seural. Sunday on 
[he Island of La 
Grande Jatte Cl884-
86). Detai1. Courtesy 
of The Art Institute 
of Chicago. 

recognition takes its clues from the more limited set of declensions 
admissible in a particular style of representation rather than from 
the richer store of experiences available in the same observer for 
his coping with the physical world. Secondly, one must distinguish 
between a percept that can merely be Imderstood as a version of a 
particular norm image and one that can be seen as such. Thus, 
when the cartoonist Roger Poce calls a straight black line a "side 
view of a naughty French postcard" he exploits the lack of visuaJ 
continuíty between the pattern seen and the pattern ¡ntended. The 
straight ¡ioe by itself cannot be seen as a deviation from a rectangu
lar picture; it can only be associated with it from earlier visual 
experience of what belongs together. The picture makes a goodjoke 
just because it is so inefficient. In general, artists rely on versions of 
objects that can be related back to their norms in immediate per
ception. However, different styles vary in their tolerance for para
doxical representations and sorne relish as a positive value the dis
crepancy between what is seen and what is meant. For example, 
the famous sitting nursemaid in Seurat's Grande Jatle offers an 
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estranged sight of a person because this particular back view 
is linked b)' no immediate continuity to the more characteristic 
front view (Figure 15). AIso, the view chosen by Seurat has a 
strongl)' structured character of its own and therefore contradicts 
its referent almost as violentl)' as does Price's straight line. Or when 
Andrea Mantegna limits his presentation of the dead Holofernes 
to the sole of a naked foot peeping through the dark opening of the 
generaJ's tent he uses a small part lo represenl a whole that can be 
completed onl)' b)' experience. 

Ever)' break ofthe visual continuit)' between percept and memory 
norm al so interrupts the dyoamics connecting the two. A beol 
figure receives much of its characteristic expression through its 
visible pull toward or away from the norm, of which it is perceived 
lo be a deviation. Therefore, the particular specimen is nOI seeo 
merel)' , dispassionately and undynamically, as belonging under lhe 
heading of a familiar species. It looks rather like a particular mani
festation of a malrix that has generated variations under the stress 
of given conditions. The forces of Ihis generative process animate 
perception visibly. every time a perceived thingevokes its prototype. 



6. The Images of Thought 

One can saya great deal about the relation of memory lo perception 
without facing the disturbing question of what memory is actually 
Iike. We say Ihat a visitar 10 the zoo, approaching the cage of the 
elephants, compares the appearance of the animals with his own 
visual concept of elephant and thereby identifies what he sees. I 
have dealt al sorne length with the nature of the percept derived 
from the physical object. emphasizing in particular Ihat il is nOI a 
mechanical recording bul the active grasping of structural fealures. 
How, then. is ils counterpart in memory constituted? 15 il an in
temal picture of sorne kind, which enabJes a persen 10 contemplate 
with closed eyes the imprint of a particular elephant or of something 
elephantlike? 

As long as one studies the relations between memory residues 
and direct perception one can concentrate on the effecI exerted 
upon the percept and delay asking what exerts il. The situation may 
be iIIustrated by the example of an artist who makes a drawing of 
something he knows from memory. He sits in his studio and draws 
an elephant. If you ask him from what model he is drawing he may 
deny convincingly that he has anything like an explicit picture of 
the animal in his mind. And yet. as he works. he constantly judges 
the correclness of what he is producing on paper and steers and 
modifies his shapes accordingly. With what does he compare Ihem? 
What is Ihis "inner design," Ihe disegllo ¡memo, as Federico Zuc
cari called il in 1607 in order lo dislinguish it from the disegllo 
esterno on the canvas? What was the certa idea Raphael had in 
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mind when he wrote in a famous leHer to Count Baldassare Casti
glione: "In order to paint a beautiful woman 1 should need to see 
several fair ones. and you would have to help me with the se lec
lion; but since fair women and competenl judges are rare. 1 make 
use of a certain idea tha! comes to my mind." 

The question is easily avoided because the opcration seems to 
take place in the perce ived oulside world , on the drawing board: 
as the lines and colors appear. they ¡ook right or wrong to Ihe drafts
mano and they themselves seem to determine whal he must do about 
them. Sorne aspects of his judgment may indeed give the impression 
as Ihough they depended on the percept alone. for example. the 
formal faclors of balance and good proportion. Actually. however. 
even they are inseparable from the question: "Is this my notion of 
the elephant?" and this question can only be answered by reference 
to some standard in the mind of the draftsman. 

Wh(llllre menllll inwges like? 

When the inner counterpart of the percept is nol applied lo any 
external ¡mage but stand s on its own. the question of whal it is 
like becomes even more urgent. Thinking, in particular, can deal 
wilh objects and events only if they are 8vailable to the mind in 
sorne fashion. In direct perception. Ihey can be seen. sometimes 
even handled. Otherwise they are represented indirectly by what 
is remembered and known about them. Aristotle. explaining why 
we need memory. pointed out that "without a presentation intel
lectual activity is impossible." Bul he also ran immediately in 10 the 
difficulty that has plagued philosophers and psychologists ever 
since. Thinking is necessarily concerned with generalilies. How. 
then. can il be based on individual memory ¡mages? 

John Locke used the word "ideas" to describe perceptual 
as well as memory material and individual as well as generic phe
nomena. He defined ideas as ··whatsoever is ¡he object of the under
standing when aman thinks" and as the equivalenl of "whatever 
is meant by phantasm. nOlion. species. or whatever il is which the 
mind can be employed about in thinking ... " This definition ignores 
the distinction. cuslomary loday. between percept and concepl. 
Locke applied his term to sensations (simple ideas) bul also 10 the 
percepts of objects (complex ideas) and finally to concepts (abstraet 
ideas). Did he inlend lo describe Ihese variolls mental phenomena 
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as one and the same thing, or did he ralher leave the issue in abey
ance? Probably the latter; for Locke also feH uneasy about the 
nature and status of concepts as phenomena of the mind. He said: 

The ideas lirsl in [he mind. il is evidenl. are lhose of particular things, from 
whence. by slow degrees, Ihe underslanding proceeds to sorne few general ones: 
which being taken from Ihe ordinary and familiar objects of sense. are setlled in 
Ihe mind. wilh general names 10 them. Thus particular ideas are lirsl received and 
dislinguished. and so knowledge gol about Ihem: and nexl 10 Ihem. the Jess gen
eral or specilic, which are nexl to particular. For abstracl ideas are nOI so obvious 
or easy 10 children. or the yel unexercised mind. as panicular ones. If they seem 
so 10 grown men. il is only because by constanl and familiar use Ihey are made so. 
For. when we nicely reflec! upan them. we shall lind ¡ha! general ideas are lic
lions and conlrivances of Ihe mind tha! carry difficulty with Ihem. and do nOI so 
easily offer Ihemselves as we are apt 10 imagine. For example. does il nol require 
sorne pains and skill lo form Ihe general idea or a triangle. (which is yel none or 
Ihe mast abstract, comprehensive. and difficull.) for il mu"St be neither oblique nor 
rectangle. neither equilateral. equicrural. nor scalenon; bUI all and none of Ihese 
al once. In effect. il is something impeñecl. that cannol exist; an idea wherein 
sorne parts of several different and inconsislent ideas are pul logether. 

Locke thought of generaJities as makeshift devices, needed by a 
mind too imperfecl lo hold the total range of a concept in si multan
eous view and therefore restricted. for practical purposes, to sum· 
manes. Bul he failed to see whal concrete shape these conglomera
tions of mutually exclusive properties could take in the mind. To 
say that general ideas "cannot exist" obviously did nol solve the 
problem. If thinking was based on them they had lo eXist in sorne 
formo Berkeley saw this c1early, and his objections lO Locke. which 
will be discussed latero are surely well taken. 

The dilernrna was very real. Visual presence seemed to be an 
obstacle lO generality and therefore apparently had to be abandoned 
by the very thinking that required it. If visual presence was given 
up, was there a non-perceptual realm of existen ce in which thinking 
could dwell'? The problem is still with uso A recent paper by Robert 
H. Holt. symptomatically entitled Il1wgery: Tlle Relllm 01 lile 
OSlracized. describes various kinds of imagery. "Thought image" 
is defined as 

A fainl subjective representalion ofa sensation or perceplion withoul an adequale 
sensory input, present in waking consciousness as part of an aCI of Ihoughl. 
Ineludes memory images and imagination images: may be visual. auditory. or 
of any olher sensory modalily. and also purely verbal. 
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The Lockean Havor of disapproval is slill Ihere: Ihe thought image 
is fainl because il does nOI have enough of what it ought lo have. 
It is second-besl lo perception. Elsewhere in Holt' s paper. Ihere 
is some recognition of Ihe posilive role imagery might play jusI be
cause of it s particular nature . But what is thi s nature'! 

Can o"e th¡"k I\';,ho/ll imagel'? 

Around Ihe lurn of our century psychologisls looked for an answer 
by experiment. They asked their subjecls questions that made Ihem 
think. e.g .. "Should a man be allowed lo marry hi s widow's sisterT' 
Afterwards Ihey enquired: What took place within you? From hi s 
results Karl Bühler concluded in 1908 Ihal "in principIe any subjec t 
can be Ihought and meant completely and dislinclly without any 
help of imagery (Anschauungshilfen)." Al aboul the same time 
Roben S. Woodworth was led 10 assert Ihal "there is non-sensuous 
contenl" and Ihat "according lO my experience. the more effeclive 
the thinking process is at any momen!. Ihe more likely is imageless 
Ihoughl to be detected." 

The doctrine of "imageless Ihoughe' did nol hold thal nOlhing 
observable goes on when a person thinks. The experiments did nOI 
indicate Iha! the fruit of thought drops out of nowhere. On Ihe 
conlrary. Ihe consensus was that thinking orten lakes place con
sciously: bul this conscious happening was sa id nol lo be imagery. 
Even skilled observers were al a loss lO desc ribe what wenl on in 
their minds while Ihey were Ihinking. In order lo define such image
less presence POSiliyely. Ach called it " Bewu~stheil (awareness)." 
Marbe ca lled il " Bewusstseinslagen" (dispositions of conscious
ness)." Bul mere names were of lillle help. 

Not much is heard about Ihis puzzling siluation Ihese days. In 
a recenl investigation on Ihe mental image. Jean Piaget de.lls wilh 
memory cxtensiycly bul indircctly. by what it enables childrcn lO 
do. But Holl. in Ihe paper I quoted aboye. pleads for a new and more 
direct consideralion of mental imagery wilh psychologisls who 
maintain Ihat Ihe nature of thinking should be dctermined by what 
it accomplishes. His point is well laken. Experiments on problem 
solving have rold us much about the kinds of tasks a chi ld or animal 
can perform and Ihe conditions Iha! help or hinder such a perform
ance. But the experimenls. have al so shown thal if one wi~hes to 
underst and why subjecls succeed in one situation and fuil in another, 
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one has to make inferences about the kind of process that goes on 
in their nervous systems or minds. For example, the nature ofprob
lem solving by "insight" ean only be described if one knows what 
meehanisms it involves. The term "insight" refers to "sight" and 
raises (he question of how much the pereeptual awareness of the 
problem situalion eontributes. Wilhout any idea of what sort of 
process is al work. how is one lo comprehend why certain condi
tions enhance understanding whereas others hamper il? And how is 
one to diseover the best methods of training lhe mind for its profes
sion? 

Looking back at the eontroversy about the role of imagery in 
thinking. one can see now that its eonclusions remained unsatis
faetory. first of aH. beeause both contending parties seem lo have 
tacitly agreed that imagery could be involved in thinking only if it 
showed up in consciousness. If introspection did nol reveal at least 
mini mal traees of imagery in every thoughl process there was no 
way of asserting that such imagery .was indispensable. The so-called 
sensationalists tried to cope with the negative results of many ex
perimenls by suggesting that "automatism or mechanization" could 
reduee the visual component of Ihought to "a feeble spark of con
seious life." and thal under such conditions experimental observers 
could not be expected 10 idenlify the "unana1yzable degenerate" 
(Titchener) as what il actually was. 

Nowadays psychologislS would agree Ihat lo demonslrate the 
presenee of a phenomenon in consciousness would greatly help in 
convincing them Ihat il exists in the mind. But if a mental faet is 
nol found in awareness one ean no ¡onger eonclude Ihat il does nol 
exist. Quite apart from the rather special mechanisms of repression 
deseribed by the psychoanalysts. many proeesses - perhaps mosl 
of Ihem-are now known to occur be low Ihe threshold of aware
ness. This ineludes much of the routine input of our senses. A good 
deal of what we notice and react to with our eyes and ears. wilh 
our sense of touch. and the muscle sense involves no conseious
ness. or so little thal we often cannol remember whether or nol we 
saw our face when we brushed our hair in the moroing. whether we 
felt Ihe pressure of Ihe ehair when we sal down for breakfaSl, or 
whether we "saw" the elderly lady we avoided running into when 
we walked lo work. Sensory experience, Ihen, is nol necessarily 
conscious. Most certainly it is not always eonsciously remembered. 

In thinking. there are many responses given automatically, or 
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almos! so. because Ihey are readily available or because Ihe needed 
operations are so simple as to be almosl instantaneous. They will 
disclose líttle about the nalUre of thought. Probably for this reason. 
the expcrimenlers I jusI menlioned had Iheir subjecIs wrestle with 
lasks Ihal mobilized Iheir power of reasoning. 

If even under Ihese circumstances thoughls were reported lo be 
"imageless." thcrc are essentially three ways of coping with lhe 
findings. Since Ihinking mus! take place in sorne medium. one can 
propose that human beings think in words. This theory is nOl ten· 
able. as I shall Iry 10 show in a laler chapler. Or one can argue. as 
I have done so far. that imagery may do its work below the level 
of consciousness. This is quite likely 10 be Irue in ma.ny cases buI 
tells us nothing about what the ¡mages are tike and how Ihey func
tion. There is a third approach. Perhaps thoughl images are and were 
acces!.ible to consciou!.ness. bul in Ihe early days of experimenta
lion. observers were not geared lo acknowledging Ihem. Perhaps 
Ihey did nol report Ihe presence of images because what Ihey ex
perienced did not correspond lo Iheir notíon of what an image is. 

Pmric"lar alld Kl' lU!rk imaKi'S 

Whal are mental images like'! According lO Ihe most elementary 
view. mental images are faithful replicas of the physical objects 
Ihey rcplace. In Greek philosophy. the School of Leucippus and 
Democritus "attributed sight 10 certaín images. of Ihe same shape 
as the objecl. which were continually streaming off from Ihe objects 
of "ighl itnd impinging upon Ihe eye." These (,¡do/a or replicas. jusI 
as physical as the objects from which Ihey had delached Ihem~elves. 
remained in {he soul as memory images. They had all ¡he complete
ness of Ihe original objecls. The closesl approximation lO Ihese 
failhful repticalions which the modern psychologist has becn ablc 
10 discover are the so-called eidelic images - a kind of pholographic 
memory that. according to the Marburg psychologisl Erich Jaensch. 
was lo be found in 40 percent ofall children and also in sorne adults. 
A person endowed wilh eidelic recall. for example. was able to 
commit a geographic mup 10 memory in such a way Ihal he could 
rcad off from the ¡mage lhe names of towns or rivers he did nOI know 
or had forgotlen. In an experiment on eidelic imagery made around 
1920 by Augusl Riekel. a ten-year-old boy was asked lO examine lhe 
picture reproduced in Figure 16 for nine seconds. Later. looking al 
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an empty white sereen, he was able lO glean details of the picture as 
though it were still presenl. He could count lhe number ofthe win
dows on the house in the back and the number of cans on the milk 
cart. When asked about the sign on top of the door he deciphered 
it with difficulty: "That's hard to read ... it says 'Number: then 
an 8 or 9 ... " He also could make out the name of the shop owner 
and the drawing of a cow beneath the word Milc:hlumdlflng. 

Figure 16 

Nol much has been heard of eidetics since the 1920'5. The most 
striking recent reports on vivid imagery have come frorn the ¡abora
tory of Wilder Penfield, who oblained thern by stimulating certain 
areas in the temporal lobes of the brain electrically. The experienlial 
responses, as Penfield caUs them, are described by the palients as 
flash-backs lO scenes they knew in Ihe pasl. One of them heard "the 
singing of a Christmas song in her church al horne in Holland. She 
seemed lo be there in the church and was moved again by the beauty 
of the occasion, just as she had beeo on that Christrnas Eve sorne 
years before." AII patients agreed that lhe experience is more vivid 
than anylhing lhey could recollect voluntari1y: it is not remembering 
but reliving. The experienced episode proceeds at its natural speed 
as long as the eleetrode is held in place: it can neither be stopped nor 
turned back by the patient's will. At the same time it is not Jike a 



104 THE IM ..... GES OF THOUGHT 

dream or hallucination. The person knows that he is Iying on lhe 
operation table and is nOI tempted 10 lalk lo people he sees in his 
visiono Such images seem 10 approach the compleleness of scenes 
directly perceived in the physicaJ environment; Iike thal ouler 
visual world, Ihey seem to have lhe characler of something objec~ 
tively given, which can be explored by active perception the way 
one scrutinizes a painted or real landscape. In this respect, they 
can also be compared with afterimages. The ghostly white square 
that appears after a person has stared al a black one tums up with~ 
out any initiative of (he observer. He can neilher control nor modify 
it, bUI he can use it as a target for active perception. Eidetic ¡mages 
seem to be of this kind. They behave like the projections of stimuli 
rather Ihan like products of the disceming mind. Therefore, lhey 
can serve as material for thought bul are unlikely to be a suitable 
instrument ofthought. 

The kind of "mental image" needed for thought is unlikely to be 
a complete. colorfu!, and faithful replica of sorne visible scene. But 
memory can take things out of their contexts and show them in 
isolation. Berkeley, who insisted that generic mental images were 
inconceivable. admitted nevertheless Ihal he was "able lo abstract 
in one sense. as when I consider sorne particular parts or qualities 
separated from others, with which. though they are united in sorne 
object. yet it is possible Ihey may really exist without Ihem." He 
could, for example, imagine "the trunk of a human body wilhout (he 
limbs." This 50rt of quantitative differenc6 between lhe memory 
¡mage and the complete array of stimulu5 material is the easiest to 
conceive Iheoretically. It leaves untouched Ihe notion Ihat per~ 

ceplion is a mechanical copy of what the outer world contains and 
that memory simply preserves such a copy faithfully. The mind, 
we are told, can cut pieces from lhe cloth of memory, leaving the 
clolh itself unchanged. It can also make collages from memory ma~ 
terial, by imagining centaurs or griffins. This is the crudest concept 
of imagination or fantasy-a concept that concedes lo the human 
mind nothing more creative than the capacity to combine mechani
cally reproduced "pieces of reality." 

Incompleteness is indeed frequently reported in memory ex~ 

periments. Kurt Koffka tells in an experimental study of 1912 that 
one of his observers. asked lo respond lo Ihe stimulus wordjllrisl, 
stated: "AII I saw was a briefcase held by an arm!" Even more 
rrequently, an object, or group of objects. appears in memory on 
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empty ground, completely deprived of its natural setting. I shall 
show soon that one cannot account for the refined abstractions 
commonly found in mental imagery by simply asserting that memory 
images often fail lo reproduce sorne of the parts of the complete 
object. BU( even this unsophisticated procedure of abstraction by 
selection is not satisfaclorily described by the theory implied in 
Berkeley's example. 

There is a fundamental difference between Berkeley's "human 
body without limbs" and (he jurist's arm holding the briefcase. 
Berkeley refers lo a physically incomplete object-a mutilated 
trunk or a sculptured torso-completely perceived. In Koffka's 
example a complete object is incompletely perceived. The jurist is 
no anatomical fragment: but only a significant detail of him is seen. 
The difference is somewhat like that between a marble torso seen 
in broad daylight and a complete body partially revealed by a ftash
light. This sort of incompleteness is typical of mental imagery. lt 
is the product of a selectively disceming mind, which can do better 
Ihan consider failhful recordings of fragments. 

The paradox of seeing a thing as complete, but ¡ncompletely, 
is familiar from daily life. Even in direct perception, an observer 
glancing al a lawyer or judge might catch linle but the salient feature 
of an afm carrying a briefcase. However, since direct perception 
always takes place against the foil of the complete visual world, 
its selective character is nol evident. The memory image, on the 
other hand, does not possess this stimulus background. Therefore 
it is more evidently limited to a few salient features. which corre
spond perhaps to everylhing the original visual experience amounted 
to in the first place or which are the panial components the observer 
drew from a more complete trace when he was asked to visualize 
a jurist. It is as lhough, for the purpose of imagery, a person can call 
on memory traces the way he calls on stimulus material in direct 
perception. Bul since mental ¡mages can be restricted to what the 
mind summons actively and selectively, their complements are often 
"amodal," that is, perceived as present bUI not visible. 

The capacity of the mind to raise parts of a memory trace aboye 
the threshold of visibility helps to respond lo the Question: How can 
concept.uaJ thinking rely on imagery if the individuality of images 
interCeres with the generality of thought? The first answer is lhat 
mental images admit of selectivity. The thinker can focus on what is 
relevant and dismiss from visibility what is not. However, this 
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answer takes care only of the crudest definition of abstraction, 
namely. generalization through the picking out of elements. A 
doser look at the experimental data makes us suspect tha! menlal 
imagery is actually a much subtler instrument, capable of serving a 
less primitive kind of abstraction. 

Berkeley had no difficulty in admiuing the existence of frag
menlary mental images. BUl he saw thal fragmentation was not 
sufficienl lo produce the visual equivalenl of a concept. 1 n order to 
visualize Ihe concepl of a horse, more wa,s needed than the ability 
to imagine a horse without a head or wilhout legs. The image had 10 
Icave out all references lo attribules in which horses differ: and this. 
Berkeley contended, was inconceivable. 

When. early in our century, the experiment was aetually made, 
several reliable investigators. working independently, found (hal 
generality was precisely whal observers attributed to the images 
Ihey saw. Alfred Bine! subjected his two young daughlers. Armande 
and Marguerile, to prolonged and exacting enquiries. Al one oc
casioo, he had Armande observe whal happened when he uttered 
lhe word J!{/r. He then asked her whelher she had Ihoughl of a hal 
in general or of a particular haI. The child's answer is a dassic of 
introspective reportíog: .oC 'est mal dit: en général- je cherche a 
me représenter un de tous ces objets que le mot rassemble. mais je 
ne m'en représente aucun." ('In generar expresses il badly: 1 try 
to represenl to myself one of aJl ¡he objecls (hat lhe word brings 
togelher. bUI 1 do nOI represent to myself any one of them). Asked 
10 respond lo the word SIlO\\', Marguerile first visuali zes a photo
graph, Lhen '" saw the snow falling ... in general ... nOI very 
clearly." Binet notes thal Berkeley is being refuted when one of the 
girls reports "a lady, who is dressed. bu! one cannol leU whether 
her dress is white or black. lighl or dark." 

Koffka. using a similar procedure. oblained many AlIgemei,,
\'orS'I'IIUIll-tell (genene ¡mages), which were often quite "indistinct" 
-a waving tricolor flag, rather dark, no certainty as to whether the 
coJors run verticaJly or horizontally: a train which one cannot dis
tinguish as being a freight or passenger train; a coin of no particular 
denominalion: a "schematic" figure. which might be mal e or female. 
(In a more recent study, WlllU Pl'op/e Dretlm Abo/U, Cal vi n S. Hall 
found that in 10.000 dreams he collecled from men and women 21 
percenl of Ihe characlers were not identified as to sex.) 

In reading these experimental reports. one notices. in the formu
lations of the investigators as well as in Ihose of their observers. a 
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lendency to get around the paradox of images that are panicular and 
al the same time generic by describing these experiences as in
distinct or undear: You cannol tell whelher the object is blue or 
red because the image is nOI sharp enough! Such a description tends 
lo dismiss the phenomenon as a purely negative one, the implication 
being that if the observer could only discem the object a Httle better, 
he would be able lo tell whether il is red or blue. BUl there is no 
such thing as a negative phenomenon. Either Ihe ¡ncomplete image 
is experienced or it is nOI, and if il ¡s, the challenge 10 Berkeley's 
contention is fully with uso 

Visual hin/s lwd flash es 

Among psychologists, Edward B. Titchener had the gift and the 
courage 10 say exaclly what he saw, no matter how offensive his 
observations were lo common sense theory. He repons in his 
Lec/lIres 011 Ihe Experimelllal PsycllOlogyofrhe Thought-Proc-e.u ·es 
of 1909: 

M)' mind, in ilS ordinar)' operations, is a fairl)' complete picture galter)' ,-not of 
tinished paintings, bUI of impressionist notes. Whenever I read or hear that some
body has done somelhing modesll)', or gravely. or proudly, or humbly. or courte
ously. I see a visual nint oftne modesty or gravity or pride or humility orcourtesy. 
The stately heroine gives me a flash of a tal! figure, the onl)' clear part of which is 
a hand holding up a steel)' gre)' skirt: tne humble suilor gives me a flash of a bent 
figure , Ihe only clear part of whicn is the bowed baek, though al times there are 
hands held deprecatingl)' before the absent faee ... AtI these deseriptions mus! 
be either self-evidenl or as unteal as a fairy-tale. 

This was Ihe voice of a new era. As dearly as words permit, Tilch~ 
ener poinled out thal Ihe incompleteness of the mental image is not 
simply a matter of fragmentation or insufficient apprehension but a 
posilive qualily, which dislinguishes the mental grasp of an object 
from the physicaJ nature of thal object ilself. He thus avoids the 
stimulus-error or-as he rightly suggesls il would better be called
the thing-error or object-error, thal ¡s, the assumption Ihal the 
mind's aceount of a thing is identical wilh all or sorne of the thing's 
objeclive propenies. 

The referenee lo painling and lo Impressionism is significant. 
Titchener's descriptions ofvisual experienee differ as fundamentally 
from those or other psyehologists as did the paintings or the Im-
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pressionislS from lhose of their predecessors. In spite of the consid· 
erable liberties which artists before Ihe generation of Edouard 
Manet taok in facI with Ihe objects they portrayed, Ihe accepted 
convention held that a piclUre had to be in tended as a faithfullike· 
ness. Only with the lmpressionists did aesthetic theory begin to 
accept the view that the picloria1 image is a producl of the mind 
rather Ihan a deposit of the physical object. The realization that Ihe 
image differs in principie from the physical objecl lays the ground· 
work for the doctrine of modern arto A similar fundamental break 
with tradition occurs in the psychology of visual experience a few 
decades later. 

The comparison with Impressionisl painting can a1so help us 10 

understand the nature of Titchener's "visual hints" and "flashes." 
Instead of spelling out the detailed shape of a human figure or a tree 
the Impressionisl offered an approximation. a few slrokes, which 
were nOI intended to create the illus ion of the fuUy duplicated figure 
or tree. Rather. in order lO serve as the stimulus for the ¡ntended 
effecI, the reduced pattern of strokes was to be perceived as such. 
However, one wou ld again commil Ihe stimulus·error if one identi· 
fied the resulting experienee wilh the strokes that provoked it. The 
¡n tended results were in fael hints and flashes. indieators of direction 
and color ralher than defined oullines or patehes. The assembly of 
colored strokes on the eanvas was responded to by the be holder 
with what can only be deseribed as a patlern of visual forees. 

The elusive quality of such experiences is hard to capture wilh 
our language, which eommonly describes objects by their tangible. 
material dimensions. BUI it is a quality invaluable for abstrae! 
though! in tha! it offers the possibility of redueing a (heme visually 
to a skeleton of essent ial dynamic fealures. none of which is a 
tangible part of (he aelUal object. The humble suitor is abstracted lo 
the flash of a ben! figure. And this perceptual abstraetion takes 
place without removal from the concrete experieoee, sinee the 
humble bend is no! only understood 10 be Iha! of the humble suitor 
but seen as the suilor himself. 

Note that these ¡mages, although vague in Iheir outlines , surfaees, 
aod colors, can embody with the greatest precision the patteros of 
forces called up by Ihem. A popular prejudiee has it Ihat what is not 
sharply outlined, complete, and detailed is necessarily imprecise. 
But in painting, for example, a sharply outlined portrait by Holbein 
or Dürer is 00 more precise in its pereeptuaJ form than the tissue of 
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strokes by which a Frans Hals or Oskar Kokoschka defines the 
human countenance. In mathemalics, a topological statement or 
drawing idenlifies a spatial relation such as beillg contailled in or 
overfappillg with the ulmost precision although it lea ves the actual 
shapes entirely undetermined. In logic , nobody contends that the 
generaJity of a concept makes for vagueness because it is devoid of 
particularized detail; on the contrary. the concentr~tion on a few 
essentials is recognized as a means of sharpening the concept. Why 
are we reluclant lo admit Ihat the same can be true for the mental 
image? In the arts, the reduction of a human figure la the simple 
geometry of an expressive gesture or posture can sharpen the ¡mage 
in precisely this way. Why should it not do the same in mentaJ 
imagery? Here again an observation of Titchener's can be of help. 
He invited his students lo compare an actual nod of lhe head with 
Ihe mental nod that signifies assent to an argument, or Ihe acluaJ 
frown and wrinkling of the forehead wilh the mental frown Ihat 
signifies perplexity. "The sensed nod aod frown are coarse and 
rough in outline; the imaged nod and frown are clean!y and deli
calely traced." 

To be sure, a sketch y image, painted on can vas or seeo by the 
mind's eye, can be imprecise and confused, bul so can the most 
meticulously detailed picture. This is a matter of shapelessness 
rather lhan of !ack of detail or precision. It depends on whether or 
nol the st ruclural skeleton of the image is organized and orderly. 
The composite pictures of healthiness, illness , criminality, or family 
character which Francis Galton obtained by superi mposing the 
portrait photographs of many individuals are fuzzy and unenlight
ening because lhey are shapeless, nOI because they are blurred. 

H olV ahsrraer eat! WI image be? 

So far I have referred lO mental ¡mages of physical objects, such as 
human figures or !andscapes. Sorne of these images, however, had 
been evoked by abstract concepts 5uch as rnodesty or gravity or 
pride. Also, the visual content of sorne of Ihese images had been 
reduced to mere ftashes of shape or direction, so that what was 
actually seen could hardly be described as a Jikeness of the object. 
The questioo arises: How abstract can a mental image be? 

Synesthesias come to rnind because they commonly involve oon
mimetic images. In cases of auditüm colorée or color hearing , a 



• 
E 
tl: 
¿ 
.li 
E , 
Z 

. , . I 

~ 
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person will see colors when he listens to sounds, especially music. 
In general, these visual sensations fail to make music more enjoy
able or more understandable even when tones evoke the same colors 
somewhat consistently. On the other hand, the attempts to ac
company music with rnoving colored shape (Oskar Fischinger, 
Walter Ruttmann, Norman Mclaren) have been striking1y success
fui when the common expressive characteristics of motion, rhythm, 
color, shape, musical pitch, strengthened eaeh other across sensory 
boundaries. Whether or nol such combinations of sensory rnodes are 
helpful or disturbing depends largely on whether structural cor
respondences can be experienced among them. 

The same holds (rue when theoretical concepls. such as the num
ber series or the sequence of the twelve months are accompanied 
with color associalions or spalial arrangemenls. These accompani
ments. loo. appear quite spontaneous ly in sorne persons. as Francis 
Galton established in his famous inquiries into imagery. of which a 
sample page is given in Figure 17. They a1so can be quite stable. 
BUI although they are sometimes used as mnemonic aids. there is 
no indication that they are of help in the active handling of the con
cepts. This is so because the structural relations among the visual 
counterparts do not seem lO illustrale those arnong the concepts. 
One of Ihe Fellows of the Royal Society whom Galton interviewed 
saw the number series from zero to a hundred habitually arranged 
in "the shape of a horseshoe. lying on a slightly inclined plane. with 
the open end towards me," and with the numeral 50 located on the 
apex. No benefit 10 the professor's arithmetic is likely to have come 
from Ihis image. 

Theoretical concepls are nol handled in empty space. They may 
be associated with a visual setting. The images resulting from these 
associalions may appear more acc idental than they actually are. 
Titchener. after sitting on the platform behind "a somewhat em
phatic leclurer, who made great use of the monosyllable 'bul' " had 
his "feeling of bul" associated ever afterward with "a flashing pic
ture of a bald crown, with a fringe of hair below, and a massive 
black shoulder. the whole passing swiftly down the visual field, 
from northwest to southeast." Although Titchener himself cites 
this example as an instance of association by circumstance. the 
image may have taken so firmly to the concept because there was 
an intrinsíc resemblance of the barrier character of "bul" and that 
of the turned-away speaker and his massive black shoulder. And 
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although Ihe image is 001 likely to have helped Titchener's reason
ing, il will have sharpened his sensitivity to the dynamic qualily of 
"but"-clauses. i.e .. lO Ihe kind of brake these clauses impose on 
affirmative slalements. 

Sorne visualizations of theoretical eoncepts can be deseribed as 
routine metaphors. Herbert Si lberer has reported on the "hypna
gogie stales" whieh he frequently experienced when he made an 
effort lo think but was hampered by drowsiness. Once, after a 
futile effort to confront Kant's and Schopenhauer's philosophy of 
time, hi s fruslration expressed itself spontaneously in the image of 
a "morose secretary" unwilling 10 give informalion. Al another 
occasion, when he was about 10 review an idea in order not to forcel 
il. he saw, while falliog asleep, a lackey in li very, slanding before 
him as though waiting for his orders. OL after pondering how he 
might improve a halting passage in his writing. he saw himself 
planing a piece of wood. Here (he images reflecl an almost aUlomatic 
parallelism among altiludes of the mind and evenls in the physieal 
world. Ralher similar examples are cited in Darwin's studies on the 
expression of emotion. While a person is slruggling with an irrita
ting problem of thoughl he may scralch his head. as Ihough Irying 
lO assuage a physical irrilalion. The organism funclions as a who le. 
and the body produces a physical equivalent of what Ihe mind is 
doing. In Silberer's hypnagogic slates. (he physical counterpart is 
conjured up by spontaneous imagery. 

This SOr! of simple-minded illustration may be more of a dis
traetian than a help lO (he Ihinker. When Galton discovered. 10 his 
aSlonishment. Ihal " Ihe greal majorily of Ihe men of science lO 
whom 1 first applied prolesled Ihal menlal imagery was unknown 10 
lhem" he finally concluded Ihal "an overready pereeption of sharp 
mental images is antagonislic to Ihe aequirement of ha bits of highly
generalized and abst rael thought. especially when Ihe sleps of rea
soning are carried on by words as symbols. and that if the facully 
of seeing the pictures was ever possessed by men who think hard. 
it is very apt lO be lost by disuse." 

Bul there is only a fine line between the pedestrian explicitness 
of the illustralive image and the power of a well chosen example 
10 lest ¡he nature and consequences of an idea in a kind of Ihought 
experiment. Thinking. I said earlier. can deal wilh directly perceived 
objects. whieh often are handled physically. When no objeets are 
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presento they are replaced by sorne sort of imagery. These images 
need nol be lifelike replicas of the physieal world. Consider the 
following instance from Silberer's half-dreams. In the twilight state 
of drowsiness he reflects on "transsubjectively val id judgrnents:" 
Can judgments be valid for everybody? Are there sorne that are? 
Under what conditions? Obviously there is no other way of search
jng for the answers than to explore pertinent test situalions. In the 
drowsy thinker's mind there arises suddenly the image of a big 
cirele or Iransparent sphere in the air with people surrounding it , 
whose heads reach into the cirele. This is a fairly schematic vis
ualization of the idea under investigation. but it al so makes its basic 
structural lheme metaphorically tangible: the dwelling of all heads 
in a common realm. the exelusion of the bodies from this commu
nity. etc. lt is something of a working mode!. The image presents 
natural objects-human figures, a sphere-but in a thoroughly un
natural constellation. nol realizable on our gravity-ridden earth. 
The visual constellation is dictated by the dominating idea in the 
mind of the dreamy thinker. The centric symmetry of the converg
ing figures is a simple, elear. most economical representation of 
"shared judgments," brought about without any concern for what is 
feasible in practical space. Also the transparency of the sphere, this 
paradoxical sol id into which heads can reach , indicates that the 
¡mage is physically tangible only to the extent that suils the thought 
and is compatible with it. While thoroughly fantastic as a physical 
evenl. the ¡mage is strictly functional with regard to the idea it 
embodies. 

Galton, although critical of"overready perception of sharp mental 
images," realized that there was no reason to starve the visualizing 
faculty. He suggested thal if this faculty is free in its action and fiol 
tied to reproducing hard and persistent forms "it might theo produce 
generalized pictures out of its past experience quite automatieally." 

If objeets can be reduced to a few essential flashes of direetion or 
shape, it seems plausible thal there can be even more abstraet pat
terns, namely, configurations or happenings which do nol portray 
any of the inventory of the physieal world al aH. In the arts. our 
century has produced nonrepresentational painting and sculpture. 
I pointed to lmpressionism when I referred to Titchener's descrip
tioos of imagery; and indeed one can date with sorne preeision the 
phase of modern painting corresponding lO sorne of his examples: 
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"Horse is. lo me. a double curve and a rampant posture wilh a louch 
of mane about il: cow is a longish rectanglc with a certain facial ex
pression. a sort of exaggerated pOUl." Bul Titchener can sound even 
more modern. He describes the "patterns" aroused in him by a 
parlicular writer or book: " 1 gel a suggesl ion of dult red ... ofangles 
rather than curves: I gel. pretly elearly. the piclure of movemenl 
along lines. and of nealness or confusion whcre the moving ¡ines 
come logelher. But thal is all. -all. at ¡easI. ¡hat ordinary intrespec
tion reveals." While Titchener was recording his introspeclions. 
artisls such as Wassily Kandinsky were exploring the mysterious 
lone between the representational and the abstraet. Titchener visu
alizes the concept of "meaning": "1 see meaning as the blue-grey 
¡ip of a kind of scoop. whieh has a bit of ye ltow aboye it (probably a 
part of the handle). and which isjusl digging inlo a dark mass of what 
appears to be pI as tic material" - an image Ihat would have qualified 
for exhibition al Kandinsky's Blue Rider. 

How much modern arl had Tilchener seen and absorbed? I do 
not know. but in the inslances 1 have cited he was surely able to 
lcok al the ouler and the ¡nner worlds of Ihe mind in the spirit ofthe 
modern painters. This was nOI true for Ihe average persono including 
Ihe avemge psychologisl. Up to our day il is not uncommon for psy
chologists. especially in dealing wilh perception. lo speak aboul art
isls as though Ihey were engaged in producing i1tusions of physical 
reality. For ¡he psychologisls who conducted the experimenls on 
"imageless thought" as well as for their observers. un ¡mage was 
probably Ihe sort of Ihing known from realistic illuslrations or post
ers. If Ihey looked al the famous paintings oflhe pasl-a Raphael. 
a Rembrandl. or even a Courbet - with the usual prejudice and with
oul much careo they saw explici ll y complete replicas of nature.land
scapes and interiors. stilllifes and human figures . Were Ihey likely 10 
acknowledge Ihe presence of highly abstracI panerns in their minds 
if by images Ihey meant something complete ly different? Théodule 
Ribot. who collecled nine hundred replies. gives on ly an occasional 
example of non-mime tic patterns: one of his observers saw Ihe infi
nite representcd by a black hole. Nol surprisingly. one looks in vain 
for evidence in the more recent work on Ihe psychology of thinking. 
which shares with bchaviorism a preference for eXlernal. observable 
manifestations. 

In the experiments Ihal led lO Ihe doctrine of imageless thoughl. 
imagery is unlikely to have been absent. Bul it may wel1 have in-
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volved many patterns more abstract than those described by Koffka 
or Binet. The latter studies hardly called for thinking. Images 
evoked by words such as har or flag can be reasonably concrete, 
whereas the solution of theoretical problems more onen than not 
requires highly abstraet eonfigurations. represented by topologieal 
and often geometrieal figures in mental space. These non-mimetic 
images. onen fainl to the extent of being barely' observable. are 
Iikely to have been the "nonsensuous eontent," those "nonsen
sorial feelings of reJations" that gave so much trouble because 
of their paradoxical status. They may be quite common and indeed 
indispensable to any mind that thinks generie thoughts and needs 
the generality of pure shapes lO lhink them. ". am incJined to be
lieve," admitted Ribot. "that the logic of images is the prime mover 
of constructive imagination." 



7. Concepts Take Shape 

Ir Ihinking takes place in (he realm of ¡mages. many of these ¡mages 
must be highly abstraet since the mind opera tes often al high levels 
of abstraction. BUllO gel al Ihese ¡mages is nol easy. I mentioned 
Ihal a goed deal of imagery may occur below the level of conscious
ness and thal even ir conscious. 5uch imagery may nol be noticed 
readily by persons unaccustomed to the awkward business of se lf
observation. Al best. mental ¡mages are hard to describe and easily 
dislurbed. Therefore. drawings Ihal can be expected lo relate lO 
5uch ¡mages are welcome material. 

Drawings have been used frequently in memory experiments. 
They cannol be faithful replicas of mental ¡mages bul are likely 
lO share sorne of their propert ies. Therefore. Ihe few examples 
I shall offer in this chapter are not in tended to prove what the images 
generating them are like. bul lo suggest what structural charac
teristics Ihey may have. I will show that such pictorial representa
lions are suitable instruments of abstract reasoning and point lo 
sorne of Ihe dimensions of Ihought Ihey can represen!. 

The protolype of Ihe drawings I have in mind are those diagmm
matic scribbles drawn on the blackboard by leachers and lecturers 
in order to describe constellations of one kind or another- physical 
or socia l, psychological or purely logical. Since such drawings 
are often non-mimetic. that ¡s. do not contain likenesses of objects 
or events. what exactly do they represent? How are they relaled 
lO the subject matter for wbich they stand? What are (be means of 
representation al their disposal? How do (hey aid tbinking? What 
faclors determine how well such a drawing serves its purpose? 

116 
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Abslract geslures 

The difference between mimetic and non-mimetic shapes. so plau
sible at first glance. is only one of degree. This is evident. for ex
ample, in deseriptive gestures, those forerunners of line drawing. 
There. too, one is tempted to distinguish between gestures that are 
pictographic and others that are nol. Actually, the portrayal of an 
objeet by gesture rarely in vol ves more than sorne one isolated 
quaJity or dimension, Ihe ¡arge or small size of the thiAg, the hour
glass shape of a wornan, the sharpness or indefiniteness of an out
line. By the very nature of the medium of gesture, the representa
tion is highly abstraet. What rnatters forour purpose is how eommon, 
how satisfying and useful this sort of visual description is never
theless. In faet, it is useful not in spite of its spareness but because 
of it. Often a gesture is so slriking because it singles out one feature 
relevant to the discourse. It leaves lo the eontext the task of 
identifying the referent: the bigness portrayed by the gesture can 
be Ihat of a huge Christmas paree! received from a wealthy unde 
or Ihat of a fish caught lasl Sunday. The gesture limits ilself intelli
gently to emphasizing what matters. 

The abstraetness of gestures is even more evident when they 
porlray aclion. One describes a head-on crash of cars by presenting 
the disembodied erash as sueh. without any representation of what 
is crashing. One shows the straight or devious path of a movement. 
its smooth rapidity or heavy trudging. Gestures enact pushing and 
puJling, penetration and obstade, stickiness and hardness, bUI do 
nol indicate the objects thus Ireated and described. 

The properties of physieal objecls and actions are applied without 
hesitation 10 non-physieal ones by people all over the earth, although 
not always in exaetly the same fashion. The bigness of a su rprise 
is described with the same geslure as the bigness of (he fi sh, and 
a dash of opinions is depicted in the same way as a erash of cars. 
David Efron, investigating the gestures of two minority groups in 
New York City. has shown how the character of the movemenl 
panerns varies with the style of reasoning of the persons. The 
gestures of ghetto Jews, whose minds are forrned by the traditional 
sophistry of Talmudie thinking, "appear lo exhibit an angular 
change in direction, resulting in a series of zig-zag mOlions, which, 
when reproduced on paper, present the appearanee of an intricate 
embroidery." On the contrary, the gestures of Italian immigrants, 
deriving typically from an agricultural background of low literaey, 
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reftect a much simpler sly le of thinking by maintaining "the same 
direction untilthe geslural pallern has been completed." 

Gestures will act out the pursuit of an argument as though it 
were a prize fight. showing the weighing of alternatives. Ihe tug 
of war. Ihe subtle altad. Ihe crushing impacl of Ihe victorious 
retor!. This spontaneous use of melaphor dcmonstrales nOI only 
that human beings are naturally awarc of the struClural rcsemblance 
uniting physical and non-physical objects and evenb: one must 
go fUr1her and assert Ihat the perceptual qualities of shape and 
motion are present in {he very acts of thinking depicted by the 
gestu res and are in facl the medium in which Ihe thinking ilself 
takes place. These perceptua l qualities are nOI necessarily visua l 
or only visual. In gestures. ¡he kineslhelic experiences of pushing. 
pullins. advancing. obslructing. are likely 10 play an impOr1anl par1. 

A piclOrial e:wlllplt' 

Pictures Ihat are nOI wrinen in the air bUI leave a durable trace 
show more explicit ly than gestures whal the imagcry of Ihoughl 
mighl be like. Again the resemblance can hardly be literal. For 
one thing. evcn in pictorial representation the parlicular shape of 
a given thoughl pattern will depend on whether il i ... prolluced on a 
Hat surfacc or in three dimensions. by I¡ne or in broad mas~es of 
color. elc .. whereas mental imagery is not determincd by any of 
these material conditions. I will begin with an example somewhere 
in belween the ave rage person's ability to give visual shape to eon
cepls and the con trol. precision. and striking express ion charac
tcristic of the work of arliSls. Figure 18 i~ the work of an under
graduate student. Miss Rhona Watkin~. done sho rtl y before .,he 
gmduated from college. It represents a promising future temporarily 
obstructed by presenl obstacles. The picture is entire ly non
mimetic. and yet Ihere is the unmistakable resonance of experiences 
gathered in the visual world. Just as physical objects or evenls 
are often depicted by abstrae! propertie~ of shapc. ~o can abstract 
repre~entations of ideas refer more or less openly 10 things of nature. 
Herc again there is no dichotomy of mimelic ver~u ... non-mimetic 
representation. but on ly a eonlinuous scale reaching from the 
most realistic images lo the purest elements of shape and color. 

The landsc:'lpe-like distinction between a ground wilh objects 
resting on il and a kind of empty sky on top creates the basic dif-
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ference between the solid present and the vista of a distant future. 
the present filled with tangible matter. the ultimate future still 
vacan1. Time is translated into the spatial depth dimensiono Nearest 
in time and space are (he dark. clearly articulated obstacles: farther 
away lies the promise of tomorrow, as yet undifferentiated and 
dominated by an over-aJl mood of affective color. The evenness 
of the distant mass is broken by a laterally penetrating wedge, 
which opens and menaces the compactness of the prospect, sharing 
ils basic color but creating at the same time a jarring conRict 
between its own yellowish version of redness and the bluishness 
of the large mass. Similarly, the shape ofthe wedge, while breaking 
the contour of the mass . also acknowledges its limits. 

These anticipations of the (uture are not directly connected with 
the present. No bridge leads from the front to the back. The im
mediate presence of the dark obstacles is self-contained and inde
pendent. something to be taken care of by itself. not affecting the 
future and yet blocking the way toward i1. While this distinction 
is made clear, there is also the frightening suggestion that these ob
stacles do indeed touch the future because the horizontaJ bar 
on the left concides wilh the horizon, and the bar on the right with 
the top of the distant mass. Though recognized as an illusion caused 
by a purely subjective perspective. this threatening ¡nterference 
¡s, for the momento visibly real, and the dark bars, metallic and hard. 
cover the prospect like the bars of a prison window. 

Al the same time, the impediment is not overpowering. The ob
stac1es, although inorganically hard , are straight only in parto They 
bend al the bases and on top, indicating sorne flexibility and weak
ness, and they are thinnest where they would need their main 
strength. Neither the parallelism nor the symmetry of the two 
dark units is rigidly perfect, and this makes the structure of the 
obstac1e somewhat accidental. hence vulnerable and changeable. 

The abstractness of this visual statement is evident when com
pared with· the subject matter il represents. Neither the present 
nor the future are given mimetic portrayal. and yet the essentials 
of the theme are depicted by thoroughly visual aspects of shape. 
color. and spatial relations. Although simpler and more obvious 
than the work of a more accomplished artist is likely 10 be, all 
crucial factors are rendered with more precision than we shall 
find in most of the quick amateur skelches lo be presented next. 
Miss Watkins' print was the final result of considerable searching 
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and Irying. and lhe search for the "correct" pallern was al the same 
time a means ofworking through the situation which she was Irying 
10 depict and lO cope with. As observations in art therapy have 
shown. one of the main incentives for 5uch work is the need lO 
Ihink through something importan!. The completion of the picture 
is al50 the solution of a thought problem, although Ihere ma)' be no 
words lO lell about the finding. 

ExperimenlS wirh drl/ll'ings 

Drawings intended 10 represen! 5pecific concepls were obtained 
in preliminary experiments by my students. They are sponlaneous 
scribbles, with lillle or no claim 10 aesthetic value. Miss Abigail 
Angell asked her subjects. mostly fellow students. lO depicI the 
nolions of Pasto Presellt. and FlllUre. Democracy. and Good alld 
8ad Marrjage in abstracI drawings; Miss Brina Caplan worked 
under similar conditions wilh Ihe concept YOlltl¡. Verbal explana
lions. sponlaneous or solicited, were obtained during or after the 
drawing. 

The nature of the lask created lillle hesitalion in Ihis particular 
population of subjecls. Naturall)'. drawing ability ranged widely 
from few schematic. timid lines lo more elaborale designs. and 
great differences in imagination were equally evident. Occasionally. 
conventional signs were used as shortcuts: a plus and a minus sign 
lo depict good and bad marriage; an arrangement ofslars and stripes 
for democracy; or a growing tree indicating youth. BUI seldom did a 
subject protest Ihat such concepts simpl)' were nOI visual things and 
therefore could nOI be shown in drawings. Persons of a different 
educational leve! and less familiar with the af1s might respond less 
well; this. however. would tel! us nothing about the nature or rich
ness of the ¡magery in their thinking. 

One basic decision the subjects had to make for each task was 
whether to presen! the given concept as one entity or as a com
bination of severa!. The instruction to draw Past. Prese"t. and 
FU1ure suggested a triad verbally, and in fact several persoos drew 
three separate items. unrelated in space or perhaps arranged in 
a loose sequence. This. however. was not true for all. Although 
nobody drew the whole of life as one undifferentiated unit. a coo
tinuous line was not uocommon. Figure 19 iodicates a straight and 
perhaps empty past. ¡arge and articulate shapes for the presen!. 
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Figure 19 

Figure 20. "The past has becn 
nothing-it is forgotten, and when 
thought of once again it is an il
lusion; lhe past is covered with 
dust.- The present is everything
movement, joy, despair, hope, 
doubt-it is now; one lives in the 
presento - The future is unknown." 

and sorne smaller and vaguer ones for the future. Here, then. 
the whole of life is represented as an unbroken flow of time
a conception basically different from that of another type of subject. 
who exists in the present and thinks of il as a state of being rather 
Ihan a phase of continuing growth (Figure 20). 

The mere connection ofthe three units, of course, does not exhibit 
by ilself much thought about the particular nature of their relation. 
Figure 21 gives more than a sequence of different entities. lt shows 
gradual expansiono starting with the moment of birth. The break be
tween past and present is maintained. but the largeness ofthe present 
is understood in pan as a resull of the preceding growth. The un
directed roundness of the present interrupts the channeling of 
time, and yet this static situation in the middle of the drawing is 
"amodally" traversed by a current of movement initiated in the past 
and carried further into the opeo future, as a river flows through a 
lake. 

The structural complexity of the present, experienced as a time
les S state of affairs and yet perceived by the more thoughtful as a 
mere phase in the passage of a lifetime, can be represented as the 



122 CONCEPTS TAKE SHAPE 

Figure 21 

Figure 22, below, "The post is solid and 
complele, bUI still inHuences the presenl 
and the future.-The prt>st>/ft is compJex 
and nOI only a resull of the pasl and leading 
10 future, Ihus overlapping bolh. but is an 
entity in ilself (black dot).- The futur~ is 
leasl limiled bu! inHuenced by bolh, past 
and prc:senl.- One line runs Ihrough for all 
have one common elemenl-time." 

superposition of Iwo structures. In Figure 22, Jife is seen as gener
aled by the "sol id and complete" past. which projects strong, forma
tive beams. BUl the present is nol enlirely delermined by the past. lt 
has a core and shape of its own. The resulting complication is pre
sented generically as an agitated texture. The specific effect of Ihe 
interaction is not worked out. The interacting powers ofthe past and 
the present meel in spatial over-lay bUI do nOI modify each other. 
The problem is seen but nol resolved. The level 10 which the young 
draftsman carried her thought -or, at least. the representation of it
can be clearly diagnosed from her drawing. 

Language represents the concepl of nwrr;(lgt by one word; it does 
nol suggesl a pictoriallwosome. BUl the concept itself refers directly 
to two physical persons. Many subjects, therefore, described mar
riage in their drawings as a relation between Iwo unit s. Since both 
good and bad marriage had lO be presented. the Iwo kinds of mar
riage were shown as merely different from each other, or more 
intelligently, as different with regard to sorne common dimension 
and therefore comparable. Sometimes the relation alone was pre
sented, withoul any altempt to derive it from the nature of the 
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Figure 23 

Figure 24. "Here is a picture of my mOlher (IOp) and father (bollom). Allhough 
neilher shape is parlicularly revolting in ilself. the combination makes for an 
exaggeration of bolh forms. so that the top becomes more overpowering when 
placed nexl 10 Ihe bouom formo And the botlom form diminishes in relalion to 
Ihe upper. Ugh!" 

partners thus related. Two separate circJes might depict the one 
relation. two overlapping ones the other. and the overlap was in
tended to suggest either de si rabie cJoseness or undesirable interfer
ence. Oro in ve rsely. the two kinds ofmarriage were distinguished by 
the character of the partners, but not by their relation: two smooth 
circJes versus two prickly circles. confronting each other in the same 
fashion. There is a significant difference between seeing the charac
ter of a marriage as derived from the relation as such or from (he 
personalily of the partners: and to consider either condition without 
the other produces necessarily a limited interpretation. 

In Figure 23. the bad relation is shown as springing from the dif
ference of the partners. An aggress ive saw-tooth oul line conslitutes 
one of Ihem. whereas smooth circJes describe the other. In addition. 
(he aggressive partner has the more lension-Ioaded shape of a spiral, 
lhe olher i5 repre5ented by more harmonious. concentric curves. 
The aggressive partner, of course. i5 nOI neces5arily the male. The 
drawings, wilh few exceptions, depict mental, not physical forces. In 
Figure 24, lhe crushing boulder on tap describes the personality of 
the subject's mother. the small. dripping dOI Ihat of her falher. and 
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Figure 25 

Figure 26 

Ihe inapproprialeness of Ihe relalion is intended 10 reflecl back upon 
the cha racle r of Ihe marriage parlners. "nOI particularly revolting" 
in themselves. 

The coherence of the marriage can be indicaled s imply by the 
amount of contacl among Ihe parlner!l: in Ihe good relation. they 
share an inteñace. in (he bad one Ihey barely louch each other. 
Subller are the allempls 10 show that the combination of Ihe two 
partners does or doc~ not add up 10 a whole. either becausc Ihcir 
characters do nOI lit or because they are not relaled in a fitting man
ner. Figure 25 presents Ihe good marri age as a symmetrical patlern. 
in which Ihe two partners. alike or undifferentialed in Iheir per!lon
alities. fu I fil 1 the same function. The dnawing indicates thal Ihe 
overall pattcrn of the marriage should be unilicd and well slructured 
bul tha! Ihe partners retain inlegrity by fusing only partially. In the 
bad marriage. Ihe shapes of the Iwo componenls do not add up lO 
a unified whole: Iheir contac! is accide ntal and precarious. and Ihey 
rcmain essentially independenl of each olher. In Figure 26. the in
tended overall shape is le ss simple although c10sed and unified. 
Here. differences in personalily are no obstacle 10 the union. bUI 
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Figure 28. aboye. "Good mamage: Smooth
ness and harmony; an easy and pleasant 
life. 8ad marriage: Ups and downs. uneasy 
path in life. A rough life." 

Figure 29. below. Left. good mamage; right. 
bad marriage. 

IJ IJ 
probably a" asset: the roles of the partners are "ot identical. and 
the somewhat accidental shape of the whole suggests that differ
ently shaped wholes can work out equally well. In (he bad marriage. 
the two jig-saw pieces cannot be fitted together. A much richer 
whole is presented by the good marnage in Figure 27, which evokes 
the image of a plant but uses it freely to show the combinatíon of 
two units. growing out of each other in an interplay of support and 
dominance. and fitting imo a common. upward-directed slriving. 

In Ihe last examples Ihere was no clear indication that the con
ception slarted with two separate units trying to establish a con
nubial relation. The parts and the whole were rather in balance. 
neither claiming priority. This leads to examples in which the pri
mary visíon was clearly that of a whole. subdivided more or less 
happily into its two componenls. In extreme cases. nothing but the 
overall effect is indicated (Figure 28): the smooth harmony of the 
one. the roughness of Ihe other. The need for interaction is stated 
simply in Figure 29, more dynamically in the yin-yang design of 
Figure 30. 

The task of drawing PlU"t. Preselll. al/d FlIlIIre suggested a hap-
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Figure 30. Len . good marriage ; righl. bad 
marriage. 

Figure 31 
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Figure 32. "The pl/s/ has happened and 
i5 dcfinile. lherefore (he darker line. Pres
NI! CXiSIS where pasl and ruture overlap. 
FII/ltr/· develops from paSI and h indefinile. 
thercfore ¡he lighter lineo The paSI con
slanlly affec:ts Ihe ruture: dotted line," 

pening in time. whereas MtlrriaR() is more nearly a thing or stale. 
However. Ihe drawings did nOI necessa rily conform lO th is distinc
tion . While sorne subjects presented the three stages of 1ife as sepa
rate entities. Figure 31 shows life as a static objecl. in which the 
present momen! as a verticalline separates a dark pasl from a larger 
and brighter fulure. Compare this und ynamic apportionment wÍ!h 
Figure 32, made up entirely of disembodied movement. The pa
rabola of the past drives forward and is continued into the fulure. 
At the moment of the presenl. however. Ihe convergence of the 
pas t is counterbalanced by Ihe beginning of a new expansion
if we read the third parabola as open toward the right: or otherwise 
Ihe fulure. mirroring the pasl. a1so converges upon the focus ofthe 
presento but in the opposile direction. thereby pointing lO an ex
perience that ignores the irreversible progress of lime. 

While life and its stages can appear as objects. marriage can be 
depicled as a slory. In the good marriage of Figure 33. Ihe parlners 
move along parallel paths like two musical instruments playing Ihe 
same tune al a constant interval. and when their paths cross Ihey 
make conlact rather Ihan inlerfere with each other. In Ihe bad mar
riage. one of Ihe Iwo partners is constanlly in the other's way. The 
caplion lo Figure 28 indicates that the characterist ic outlines of 
the marriages conceived as things are perceived at the same time 
as (he smooth or rocky road of the travelling pairs. 
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Figure 33. "A good marriage (top) Is two peo
pie together but as individuals. They bolh rec-
ognize each other as separate from each other 
bUl also in volved wilh each olher.-A bad mar
riage (bottom) is one where IwO people support 
each other and are absorbed inlO each olher. 
When a conflicl occurs, they cannot help each 
olher. " 

Figure 34. "Equalily among individuals."' 

Fig. 35. "AII Iypes can til ¡nlo syslem (ouler 
circle) in harmony and without losing Iheir iden
tilies as individual enlities. bolh persons and 
concepts. Al! conlribule lO Ihe whole." 

In the representation of Democracy, some subjects envisage 
distinct individuals entering a relation. whereas for others the 10-
lality of the community is primary. In Figure 34. sociely is a loose 
agglomeration of different characters, lined up without interrelation. 
except for the common base on which they stand. At the olher ex
treme are examples in which the sta le is seen as a simply shaped 
object. withoul any explicit reference lO the human elemenls of 
which il consists. Figure 35 makes only a perfunctory concession 10 
the overall shape of the cornmunity, which is seen as a bagful of in
dividuals, differenl from. bUI unrelated too each other or the whole. 
This amorphous state of affairs in the drawing corresponds lo think-
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Figure 36. "Individuals who think more freely 
but are reslricted when they come in COnlaCI 

wilh spheres of others." Figure 37 

ing about social coexistence at a very elementary leve!. Figure 36 
is more elaborate in lhal il describes dynamically the deformations 
of individuals resu lting from Ihe uninhibiled push and pull ofhuman 
intercourse. The individual differences of shape are seen here as 
the result offree interaclion. and Ihe Slate is nothing buI Ihe sum of 
what neighbors do 10 each olher. There is liule organizalion and 
no governmenl. The drawing is done fram the autside in : Ihe cenler 
is what remains after Ihe individual pushes have exerled Ihem~elves. 

On the cOnlrary, pyramids of various shapes describe a hier
archic structure of democralic sociely (F igure 37). They stand on 
Iheir base or lip, depending on whelher the mas ses or Ihe head of 
the slate are envisaged as Ihe ruler. However, they are stalically 
limited 10 shape because they define ¡he hierarchy only by diminish
ing quantity: the many are govemed by the few. Veclors are often 
added in mandaJa or sunbursl patterns , which show the centric 
organization of democracy. In Figure 38. the arrows run fram the 
peripherally placed cilizens, who are desctibed by the variety of 
their differences. toward lhe center, Ihus indicating (he contribu
tion of the cilizens lo the government. That center. however, is 
empty. The government is nobody, and no arrows of conlrollead 
from the cenler lo the governed. Individuals are given the righl to 
authority bul are nOl subjected lo il. 

Informal though ¡hese experiments are they show that educated 
young adults approach without much difficulty the lask of repre
senling abstraet coneepts by mean s of non-mimetic drawings. Quite 
cJearly also, these abstraetions go to the core of ¡he themes. Of 
course. in thinking about Ihe nature of Ihe concepts to be drawn . 
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the subject will often have considered specific examples: their own 
experiences in the past or present, the character of a particular 
democracy, the happenings in this or that marriage. In fact, they 
had to do so, because the abstract forms reflecled in the drawings 
do not offer the evidence needed to define the concepts; they rep
resent only the puresl structural shapes emerging from that evi
dence. The conditions of the experiment prevented the subjects 
from including any narrative elements. While most helpful in clarify
ing the theoretical concepts. the non-mimetic patterns must con
tinuously derive their meaning from Ihe live substance of the issues 
lo which they refer. 

Figure 38. "Everyone free 10 lake parl in 
govemment. Great difference in background." 

The principal reason why these disembodied shapes can be so 
helpful is that thinking is not concemed with Ihe sheer matter or 
substratum of things bUI on ly with their structure. The elementary 
qualilies of a particular red color or a particular sound are suppli ed 
by the senses bul are neither represented in Ihinking nor conveyable 
by it - they can only be pointed lo through verbal signs by pcrsons 
who are nol blind or deaf. The perceptual fealures accessible lO 
thought are purely structural, e.g., the expansiveness of that red, 
the aggressiveness of Ihat sound, or the centric and compact nalure 
of something round. Thinking treats space and time. which are 
containers for being, as the struclural categories of coexistence and 
sequence. 80th of these categories can be represented in the spat ial 
medium of visual patterns. 

TllOughr in visible lIclion 

I mentioned earlier that drawings. paintings. and other similar de
vices serve not simply 10 translate finished thoughts into visible 
models but are also an aid in the process of working out solutions 
of problems. Of thi s, one receives little evidence from studies that 
yield only one drawing for each task. Therefore, in the experiments 
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Figure 39 Figure 40 

of Miss Caplan. subjects were encouraged 10 "use as many pieces 
of paper as you need: a new piece for each new idea: a new piece 
each time you want to corree! an old idea. Continue until you are 
sat isfied with your drawing! Think aloud as you draw and explain 
whal you are doing as you do il !" Eleven subjects produced an 
average of nioe drawings each: one drew as many as Ihirteen, and 
nobody settled for fewer than six. 

A subject's style of drawing tended 10 become clearer, more 
definite. and more individualized as the experiment proceeded. 
This was evident when the first and Ihe last drawing of a series were 
compared. As a rule. complexity increased. Somelimes. Ihe ex
perimenter reported, types or shapes ofform beca me more intricale. 
or contiguity and overlapping were introduced, or a new elernent 
such as shading appeared. or some sort of gradienl was utilized. 
Such increase in complexily does nol necessarily imply tha! the 
first step and Ihe final oUlcome were recognizable as successive 
phases of a clearly similar conception. A continuity of ene under
Iying idea was evident in sorne instances. bUI nOI in others. and in 
no case was the whole series of drawings devoted 10 Ihe gradual 
elaboration of only one specific pictorial theme. Hewever. gradual 
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o [J 
Figure 41 

Figure 42 

refinement was frequently observable in lhe progressive changes 
occurring from one drawing to the next, here and there in a series. 

The task consisted in doing a non-mimetic drawing of YOl/III. 
One subject started by representing "a kind of upward growth" 
while thinking of youth at the same time as "turned in on itself, 
in a process of self-discovery." The first sheet (Figure 39) is covered 
with spirals, decreasing in size toward the sides and the top and 
arranged in a vague syrnmetry. In the second drawing (Figure 40), 
these elements are combined in a tree-like pattern. which integrales 
and clarifies the conception. Figures 41 and 42 show the seventh 
and eighth drawings of a subject who thought of youth as a round or 
amoebic blob transforming itself gradually into the firm rectangle of 
adulthood. The seventh drawing (Figure 41) presents three phases: 
Youth reaching out for age, learning from it by adapting to il. and 
finally overshadowing il. In the eighth drawing (Figure 42), (he three 
phases ha ve been refined into six. The first of lhem is essentially 
unchanged, except Ihat the "reaching out" is explicitly shown by the 
more dynamic shape of the blob. the beginning of its amoebic re
sponse to "age." half advancing, half withholding. Monolithic adult
hood also is treated now more subtly: it is open. accessible, and 
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perhaps aClively engaged. During conjugalion. "age" is already 
decJining. and Ihe final inversion of power is now carried further lo 
involve nOI only size bUI also the change from blob lo block. Ihus 
completing Ihe new adult. 

The gradual enrichment of the concepl can be traced in Ihe work 
of the student who needed thirteen drawings lo arrive at a satis· 
factory stalement. A verbal description will suffice to give an idea 
of (he increasing complexity. Al first. there is the upward movemenl 
of a single shape, which spirals in the first drawing and fills the 
second sheet as a large pointed wedge. This simple wedge now suf· 
fers breaks halfway up-the delays caused by (he instability and 
complexity of adolescence. In the fourth drawing, the wedge is 
inverted to a cone expanding from ils point: mere progression has 
been re·defined as growth. The cone beco mes dark and Ihree
dimensionally solid, Ihe point of origin al the bollom now serving 
lO describe Ihe lack of a stable base. Drawing 7 returns to the origi
nal spiral. bUI now the whole sheel is filled with rising. wildly over· 
lapping spirals. The individual is now multiplied lO presenl (he 
social scene. and this exlension of view seems lO have thrown ¡he 
conceplion back to il s initia! shape. In Drawing 8. the inleraction 
between growing individuals is more explicitly defined, for which 
purpose Ihe spiral shapes have been simplified 10 slraight lines , 
crossing or paralleling each other more cJearly. Drawing 9 presenl s 
a move back towards individuality: the number of verticals is re· 
duced lO three. then to two , showing Ihe "true communication" 
and "harmony" of two wavy parallels. In Drawing 11 , the social 
context retums with a vengeance in the shape of two sinister solids 
gripping the two in a vise and causing them to wave rather violently. 
In lhe Jasl two drawings , however , they grow beyond the pressure 
of the environment and rise in ultimate harmony. 

The subject has used her sequence of drawings to teU her story 
of youth chronologically. However, al Ihe same lime she assembles 
the relevan! factors step by step and ends up with a picture that 
contains themall in what she sees as their appropriate character, 
role , and relation. I will refer briefly 10 Ihree more examples to 
illustrate aspects of this search for clarification. The use of the spiral 
and the wedge in one and the same set of drawings indicated al· 
ready how a complete change of pictorial pauem may leave the 
basic theme nevertheless untouched. The same is true for another 
example in which a subject describes how the young person grows 
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Figure 43 Figure 44 

from the carefree pleasures of the early years into the "complex, 
intricate web" of adolescence. The subject iIIustrates this change 
by overlaying the simple waves of childhood with a thicket of 
whirligigs and criss-cross shapes. In the next drawing, the same state 
of affairs is depicted as a geometrical maze-apparently a complete 
break of the pictorial continuity but actua1ly just a more insightful 
interpretation of complexity, defined a moment earJier as nothing 
but a confused texture. 

Other examples confirm the observatian that pictoriaJ breaks 
occur when Ihe draftsman introduces a new cognitive factor. One 
subject used an assortment of circles to show completeness and 
lack of harshness in childhood. In the next drawing, she presented 
two groups of long Iines as the pressures impinging on youth, only 
10 combine the two disparate patterns in her next and final draw
ing, in which the circles, tight1y packed and somewhat deformed, 
are confined, separated , and crossed by the straight lines depicting 
responsibility and duty. 

Finally, an instance in which two different views of the same 
concept are first presented separately and later integrated. The 
subject starts Wilh the notion of youth as jutting sharpness. sorne
thing sticking out from a base discordantly. Suddenly, in her fifth 
drawing, youth appears instead as a shapeless blob-a blob, how
ever, which, three drawings later, is plagued by ingrown "pains," 
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and these pains , pointing inward along the contour of the blob, 
assume in the last drawing the same spiky sharpness that repre
sented the concept as a whole in the beginning. Figures 43 and 44 

show the first and the last drawings of the series. 
Similar features can be found in the work of artists, for example, 

in lhe sketches Picasso did for his painling, Guemica. In a book on 
this subjecl I have shown the continuity and logic underlying the 
development from the first sketch to the completed work. However, 
these drawings and paintings , too, may appear, at firsl sight , as a 
sequence of erratic leaps from comprehensive views to details 
and back, a restless play of combining Ihe basic constituents in 
ever new ways, and many changes of slyle and subject matler. Vel 
the final painting is a synthesis of tested acquisitions, a Slatement 
whose completeness and necess ity defied further modillcations. 

There are, of course, profound differenees between the work of 
an artist and our amateur scribbles. This would be even more evi
denl if, inslead of se lecting suitable samples from the experiments. 
J reprodueed a random selection of the drawings or all of Ihem. 
There were many wildly prolific exercises. showing no disciplined 
concentration on the lask or, at least. no abilily to produce drawings 
that clearly reflected such an anitude. Nevertheless, the ¡ntention 
and Ihe mean s of realization are basically simi lar 10 Ihose of Ihe 
arti sl. The amateur drawings contain a pidgin version of the rieh 
and precise vocabul ary charaeteristic of good arto 

The drawings we re ¡ntended 10 give .In aecurale vis ual aceount 
of a eoncept. As such Ihey were purely cognitive . nol different in 
principIe from what scientists show in Iheir schematic designs. 
However. lhey were apl to go beyond the visual enumeration of the 
forces constiluting the pallerns. The draflsrnen tried 10 evoke. more 
or less s ucce~sfully. a vivid resonance of these forces and thereby 
resorted 10 devices 01' arti ... li c cxpre'ision. 

The aesthetie cIern en! i ... presenl in all visual accounlS allempted 
by human being~. In ... cient ific diagmms il makes for such necessary 
qualilies a!. o rder. clarily. corre~pondence of meaning and form, 
dynarnic expre~ ... ion of forces. elc. The value of v i ~ual pre~entation 

is no ¡onger conte~led by anybody. Whal we neeJ 10 acknowledge is 
Ihat perceplual anli pieloríal ... hape ... are nOI only lran~l~tions of 
thought prodUCh bUI Ihe very f1e~h and blood of Ihinkíng il~ell' and 
Ihat <In unhroken range of vi ... ual interprel at íon l ead~ frorn the hum
ble ge ... turc ... 01' Jaily eommunication 10 the ... talernenb of greal arl. 



8. Pictures, 5ymbols, 
and5igns 

Simple ¡ine drawings can give visible shape lO patterns of forces 
or other structural qualities. The drawings in the preceding chapter 
described the nature of a good or bad marriage or of democracy 
or of youth as conceived by the persoo who drew them. Highly 
abstraet social or psychological configurations appeared in visible 
shape. However. ¡mages can al50 depict the things of OUT environ
ment themselves, for examp[e, a husband and a wife or a town meet
ing in a democracy. They commonly do so in a slyle that is more 
abstraet than the way these persaos, objects, or happenings would 
register on a photographic plate. Images , then , regard the world 
in two opposite directions. They hover somewhere abo ve (he realm 
of "practicai" things and below the disembodied forces animating 
these things. They can be said to mediate between the two. 

Three [/lI1C/iOIlS 01 images 

In order to clarify and compare various relations ofimages to their 
referents I shall distinguish between three functions performed by 
¡mages. Images can serve as pictures or as symbols: they can also 
be used as mere signs. This sort of distinction has been made by 
many writers on the subject. Sorne have used the same terms or 
similar ones, but the meanings they have given them overlap com
plexly with the distinctions I need for our purpose. I nstead of an
alyzing these similarities and differences, I shall try to define the 
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three lerms SO tangibly that Ihe reader will know whal I mean by 
Ihem. 

The Ihree terms-piclure. symbol. sign-do nOI sland for kinds 
of images. They rather describe Ihree functions fulfilled by images. 
A particular image may be used for each of Ihese functions and will 
often serve more than one al Ihe same time. As a rule. Ihe image 
ilself does nOI tell which funclion is inlended. A lriangle may be a 
sign of danger or a piclure of a mounlain or a symbol of hierarchy. 
We need 10 know how well or badly various kinds of images fu l
fill Ihese funclions. 

An image serves merely as a siR" 10 Ihe extenl 10 which it ~tands 
for a particular conlenl wilhoul reftecting ils charaCleri'ilic'i visually. 
In the strictest sense il is perhaps impossible for a visua l Ihing lO 
be nOlhing bul a signo Portrayal tends to sli p in. The lellers of Ihe 
alphabcl used in algebra come close to being pure 'iign'i. Bul cven 
they Mand for dbcrele entities by hl'il/R di~crcle enlitic!!I: a and b 
portray twoness. Olherwise. however. Ihey do nOI re"icmble the 
Ihings Ihey represent in any way. because furlher spec ification 
would distmct from the generalily of the proposition. On Ihe olher 
hand. signs possess visual characterislics denved from require
menl'i other than Ihose of portrayal. Ihal is to 'Say. they appear as 
Ihey do for good reasons. The 1926 inlernational convention on road 
signs decided thal all lraffic signs warning of danger .. hould be given 
a triangular shape. Perhups Ihe sharpness of a triangle mi.lkes it look 
a bit more like danger ¡han would. sayo a circle. buI ib 'ihape was 
cho~en mainly bec<luse il i~ ea<¡i ly idenlified in it5.elfand di,tinglli~hed 
froOl othcr sign ~. In wriuen language. ¡he variely of Iclter groups 
uscd 10 designale words .. erve5. ~imilar purposes of identificalion ;.md 
di'itinclion. and thcreforc letters and words are. to thi, cxlent. signs. 
Many word~ fail 10 fulfill their function well bec3U'ie languages are 
nOI crealcd ralionally bUI grow informally and produce accidental. 
arbitrary. adulteraled shapes. Words can be ambiguou ... : for ex
ample. pilpil refers to schoolchildren and 10 hole ... in the eye!). since 
the original connotar ion of smallness has been splil IIp inlo different 
meaning'" Apart from such imperfeclions. however. the char
aCleriS lics of signs Icnd 10 be se lecled in such a way a'i to ~erve 
Iheir function. In Ihis sen<¡e. they are nol arbilrdry. The previou~ly 
mentioned "¡ nnale releasing mechanisms" in biology are ,igns. 
Konrad Lorenz says of thcse visual rcleasers Iha! Iheir simplicilY 
of shape and color makes Ihem distinct in appearancc and "i mproba-
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ble" in occurrence. that ¡s. unlikely to be confused with other things 
visible in the environmenl. 

To the extent 10 which ¡mages are signs Ihey can serve only as 
indireCI media. for Ihey operale as mere references to the things 
for which they stand. They are nol analogues, and Iherefore they 
cannol be used as media for thought in their own righl. This will 
become evidenl in the discussion of numerals and verballanguages. 
which are the sign media par excellence. 

¡mages are piclures to the extent 10 which they portray Ihings 
located at a lower level of abSlractness Ihan they are themselves. 
They do Iheir work by .grasping and rendering sorne relevant quaJi
lies -shape. color. movement - of Ihe objecls or aClivilies they 
depict. Pictures are not mere replicas, by which I mean faithful 
copies that differ from the model only by random imperfections. 

A piclure can dwell al the mosl varied levels of abstractness. 
A photograph or a Dutch landscape of Ihe sevenleenth century 
may be Quite lifelike and yel selecl. arrange, and almost unnotice
ably stytize ils subject in such a way that it focuses on sorne of the 
subject's essence. On the olher hand. a totally non-mime tic geomet
rical patlern by Mondrian may be intended as a piclure of Ihe tur
moil of New York's Broadway. A child may caplure Ihe character 
of a human figure or a Iree by a few highly abstract cireles. oV<lls. 
or straight lines. 

Abstraclness is a means by which the picture interprets what il 
portrays. This precious accomplishment is ignored if one pretends 
Ihat an abbreviated representation invites the beholder to fill in 
the missing realistic detail. If Ihis were true. a simply drawn cartoon 
or caricature would produce a particularly active response of this 
kind. The assertion is based on no evidence; it is simply inferred 
from the traditional notion that perception consists in a complete 
recording of the visual field and that therefore a percept of "in
complete" material will be completed by the mind from the stores 
of past experience. lfthis were so. all pictures would be transformed 
subjectively by the beholder into mechanically faithfut replicas. 
The "incompleteness" would be remedied. BUl abstractness is not 
incompleteness. A picture is a statement about visual qualities. 
and such a statement can be complete at any level of abstractness. 
To be sure, when the picture is ¡ncomplete, imprecise, or ambigu
ous with regard to these abstraet qualities, the observer is called 
upon to make his own decisions about what he sees. ([his 
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is true. for instance. for the inkblots of the Rorschach Test or the 
pictures of the Thematic Apperccption Test. used by psychologists 
lO induce subjeclive inlerpretations.) 

Fortunate ly. "completion" by "imagination" is all bul impossible 
and Ihe desire 10 attempl il quile rare. A cartoon is seen al exaclly 
Ihe leve l al which it is drawn. lis forceful li veliness does not derive 
from supplemenls contribuled by ¡he observer but is made possible. 
on the contrary. by the inlense visual dynamics of simplified line 
and color. It is true Ihat Ihe abstract slyle of such pictures removes 
Iheir subject matter from physical retllity. Human traits and im
pulses appear. unencumbered by physical matler and free from Ihe 
tyr.anny of gravitation and bodily fr.¡¡ilty. A blow on the head is an 
abstrac t assault responded lO by an equéllly abstract expression of 
distress. In other words. the piclorial interprelation emphasizes 
the genenc qualilies with which all thinking is concerned-a kind 
of unrealily quite different from that of miraculous. superhuman 
tales. which are generally represe nted wi lh realistic faithfulness. 
The lalter endow nonexislent forces with maleria l bodies whe reas 
Ihe former extracl constituent forces from physical subslance. 

An image acts as a ."ymbo/ to the extent to which it portrays things 
which are at a higher level of abslractness than is the symbol itse lf. 
A symbol gives particular shape to types of things or constel lations 
of forces. Any image is. of course. a particular Ihing. and by sland
ing for a kind of Ihing il serves as a symbol. e.g .. if il presenls a dog 
in order lO show whal Ihe concept do/.! is. In principie. any specimen 
or replica of a specimen can serve as a symbol. if somebody chooses 
lO use it Ihat way. BUl in sud cases. (he image leaves the effort 
of abstmcting entirely to the user. It doe~ nol help him by focusing 
on relevan( fealures. Works of art do better. For example. Ambrogio 
Lorenzelti's murals in the lown hall of Siena symbolize the ideas 
of good and bad government by showing scenes of struggle and of 
prosperous harmony: and being works of arto Ihey do so by invent
ing. se lecli ng and shaping these scenes in ways that display the 
relevant qualities more purely than random views of town and 
country life would. Oro to use another example. Holbein's portrait 
of Henry VIII is a picture of lhe king. but it also serves as a symbol 
of kingship and of qualities such as brutalil Y. strength. exuberance. 
wh ich are located at a higher leve! ofabstract ion Ihan is the painting. 
The painting. in turno is more abstract (han Ihe visual appearance 
of the king in flesh and blood because it sharpens lhe formal features 
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of shape and color which are analogues of the symbolized qualities, 
Symbolic functions can al so be fulfilled by highly abstraet images, 

The amateur drawings 1 discussed in the preceding ehapter gave 
visible geometrical shape to the dynamic patterns characterizing 
ideas or institutions, The arrows by which physicists depict vectors 
show relevant qualities offorces, namely. their strength, direction , 
sense, and point of application, Musical notalion operates partly by 
means of symbols: that is, it represents the pitch level of sounds by 
the structurally analogous location of the notes on the staff, In a 
similar way. drawings can symbolize a state of mind by translating 
sorne of its dynamie properties ioto visible patterns, Figure 45 shows 
a page from Sterne's Trj,\'lrtl/n Slumdy. depicting the hero's straight
forward intenlion modulated by a more or less erratic spirit. 

Figure 45. 
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Images (O suit ,heir functions 

Since images can be made at any level of abstraction, it is worth 
aski ng how well ditferent degrees of abstractness suit the three func
lioos here under discussion. 1 will limil myself to a few examples 
takeo from the two extremities of the seale of abstractioo. How 
about highly realistic images? As mentioned before. mere replicas 
may be useful as raw material for cognition but are produced by 
cognitive acts of the lowest order and do not , by themselves. guide 
understanding. Paradoxically, they may even make identification 
difficult, because to identify an object means to recognize sorne of 
its salient structural features. A mechanically produced replica may 
hide or distort these features. One of the reasons why persons 
broughl up in cultures that are unacquainted with pholography have 
trouble with our snapshots is that the reali stic and accidental detail 
and partial shapelessness of such ¡mages do nOl help perception. lt 
is a problem we shaIl meet again when we look al the so-called visual 
aids in educalion. Faithfulness and realism are terms lO be used 
with eaution because abana fide likeness may fail lo present the 
be holder with the essential features of Ihe objects represented. 

The human mind can be forced lo produce repli cas of things, bul 
it is nol naturally geared to it. Since perception is concemed with 
the grasping of significant formo the mind finds it hard to produce 
images devoid of Ihat formal virtue. In fact. il is by the struclural 
properties of lines and colors that even sorne "material" desires are 
best satisfied. For example, the mechanical faithfulncss of art lcss 
co lor photography or painting is nol the surest way of arousing sex
ual stimulation through the scnse of sight. Sensuous pleasure is 
aroused more effectively by lhe smoothness of swelling curves. the 
tension animating the shapes of breasts and thighs. Withoul the 
dominance of Ihese expressive forces the picture is reduced to the 
presentation of pure mattcr. To offer matter devoid of form, which is 
Ihe perceptual carder of meaning, is pornography in the only vali d 
sen se of ¡he word, namely. a breach of man's duty lo perceive Ihe 
world intell igent ly. A harlol (Greek, pomé) is a person who offers 
body without spirit. 

As symbols. fairly realistic images have the advantage of giving 
Hesh and blood 10 the structural skelelons of ideas. They convey a 
sense of li fe like presence, which is often desirable. Bul they may be 
inefficient otherwise because the objects they represent are, after 
all. only parHime symbols. A newspaper reported that one day. 
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sorne time ago, the Reverend January ofthe Zion Hill Baptist Church 
in Detrait took his four·year·old son, Stanley, lo view a large mural, 
which had just been painted in the auditorium of a local schaol. "1 

see a train," said Stanley. "That track." said the Reverend January, 
"is the future coming toward uso The train is this country's unity, far 
off but bearing down on us." "No," said Stanley. "it's a train." 

This disagreement between father and son arose because a train 
is not a full-time symbol. lt is a piece of railway equipment, first of 
all, and acts as a symboJ only by moonlighting-as an avocation, not 
advertised and therefore not necessarily recognized by the four· 
year·olds of our time nor by quite a few of their elders. The more 
Iifelike a piece of sculpture or painting, the more difficult may the 
artist find it to make his point symboJically. Courbet's painting. 
L'A réfier, of 1855, presented groups of realistically painted persons 
surraunding the artist himself at work in his studio. The painting 
was subtitled une allégorie réelle and intended to show on one side 
the people of the praclical ¡ife and on the other Ihose concerned 
with feeling and thought. bOlh equally arrested in a state of dream· 
like suspension, while the painter alone. vigorously at work on a 
canvas, held the center as the only person aClively dealing wilh 
reality. Werner Hofmann. in an exlensive analysis of this painting, 
mentioos that "the realists felt the allegorical implicalions to be 
superfluous, the symbolists thought them out of keeping with the 
very robustness of the style." Only by a careful and unprejudiced 
examination of the whole painting will the viewer come lo realize 
Ihat. for example, Ihe nude wornan watching the artist al work. in 
his studio is not only his model. al the realistic level ofthe represen· 
tation. but al so the muse, the traditional allegory oftruth, the fullness 
of life. aH al the same time. 

The dilemma beco mes particularly poignant when an artisl aspires 
to fantasy and deeper meaning but lacks the piclOrial imagination 
lo make such qualities visible. Examples can be found among the 
more pedestrian Surrealists. There is a painting by René Magritte 
showing a tediously painted tobacco pipe on empty ground and the 
inscription: Cee; ,,'est pas /lne pipe. Unfortunately a pipe is aH it 
¡s. A similar problem arises from the unskillful use of objers IfOIlI'(! S 

in collages or sculpture. The beholder is confronted with the un
transfigured presence of refuse. What he sees may inspire him to 
think, bUI the thought is not in the work. Yet, Picasso can evoke 
the very nature of a bull's head by simply combining the handlebar 
and the saddle of an old bicycle. 
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The more particular a concepl. Ihe grealer Ihe compelilion among 
ils Irails for Ihe allenlion of Ihe user. This becomes evidenl when 
Iraffie signs. poslers, and similar pictorial indicalors Iry 10 symbolize 
a limited poinl by means of a complex image. Martin Kmmpen 
has pointed 10 Ihe example of a snail used in an older piclographic 
traffic sign 10 call for a reduclion of speed. The fairly tifelike picture 
of Ihe snail may indeed engage (he driver's mind more vividly Ihan 
Ihe me!>.sage "Reduce Speed." bUI Krampen nOtes Ihal a snail ¡s 
nOI only s low bUI also slimy. easily frighlened , etc. Of cour~e. the 
highway sclting hclps in picking OUI Ihe relevant aspecl. but Ihe 
¡mage it self offers no guidance for Ihe se lection. 

The spec ificity of an image also calls for correspondingly specific 
knowledge in the person who is to undersland il. Rudotf Modley 
notes that a tmffic sign showing a pedeslrian in Wes lern clothing 
may be puzzling or unwelcome lO drivers in a non-Wesle rn country 
and Iha! Ihe picture 01'.10 old-fashioned locomotive may lel a driver 
of Ihe young genemtion expecl a museum of historical railroad 
engines rather Ihan a cros<¡ing. Specific characterization can make 
jI ea~ier 10 identify the particular kind of thing if jI i50 known 10 the 
observer but harder 10 draw forth a more abstracl meaning. 

Al Ihe other extremity of the ~cale of abstraction are highly 
slylized. often purely geomelrical shapes. They ha ve Ihe advantage 
of si ngling out particular propertie~ with precision. A simple arrow 
concentrates more efficiently on pointing Ihan does a reali stjcally 
drawn Viclorian hand with fingernaib. sleeve, cuO'. and buttons. 
The arrow is <lIso more ne<lrly a full-time symbol and Iherefore in
vites the be holder 10 treal it as a statement ralher than a piece of 
Ihe pract ical world. However. highl y abSlract concepts. although 
nilrrow in intension. are broad in exten:-.ion. that i~. Ihey can refer 
tO many things. A drawing of two overlapping circles may be a 
picture of some physical object. ~uc h as a new Iype of prelzel or 
eycglasscs. 11 may be the ground-plan fur a Iwo-ring circu .... It may 
alo;o be a symbol of a good marriage or the brolherhood of nalions. 
Still more generically. it may be me.lnl lO show the logicat relalion 
of any IwO overlapping concepts. Which of Ihesc mcanings is "imed 
al. only the contexl can reveal. 

This creales a problem in a civilization which conslanlly throws 
things together thal do not belong logelher or pUl:.. Ihem in places 
conlradiclory lo their funclion. Atl lhe mobilit y. transportation. 
transmiss ion. <lnd commUniC<llion in OUI' century remove~ Ihings 
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from Iheir naturallocation and thereby inteneres with their identifi
cation and efficiency. An apple makes its poi ni more easily when 
seen in an orchard or fruil store. Placed in the company of hundreds 
of other household items, or advertised in the midst ofheterogeneous 
maller. or talked about in places that have no relevance lo fruil, Ihe 
apple must make a much greater effort to be recognized and re
sponded too A palace or church erowning a hilltop town or intro
dueed by an imposing vista, a Iriumphal arch placed at the crossing 
of a star of avenues are defined and helped by their location: whereas 
a Iraditional chureh building buried among New York skyscrapers 
nOI only receives no help but is refuted and derided by its selting. 
We pay for lack of redundancy in the environment by spending a 
greater effort on identifying the particular item or on making il 
idenlifiable. 

A highly abstraet design thal bears little or no obvious resem
blance lo its referent must be restricted to a unique application ()f 

rely heavily on explanalory context. It is the context Ihal will decide 
whether a cross is to be read as a religious or an arithmetical sign 
or symbol or whether no semantic function at all is ¡ntended, as 
in the crossbars of a window, 1t may take a powenul and prolonged 
effort to endow a simple design with a particular meaning, and even 
the most determined indoctrination may nOI exclude unwelcome 
associations. I remember that when Hitler visited Mussolini's Rome 
and the whole city was suddenly covered with Nazi flags an Italian 
gir! exclaimed in horror: "Rome is crawling with black spiders." 

The simple design of the swastika was sufficiently free of other 
associations 10 make it acceptable as a carrier of a new meaning. 
The imposition was so effective that in time the emblern carne vis
ually to contain and exude a highly emotional connotation it did 
not possess before. To be sure, the design was extremely well 
chosen. It rnet Ihe ethological requirements of distinctness and 
striking sirnplicity. 1I conveyed the dynamics of the "Movement" 
by its tihed orientation in space. The black figure in a white and red 
settinghelped revive the colors ofthe Gennan Empire and thereby 
appealed to nationalism. In the Nazi flag, red became the color of 
revolution. and the black was frightening like the slorm-troopers' 
shirts. The swastika had the straight-edged angularity of Prussian 
efficiency, and its clean geometry was, ironically, in keeping with 
the rnodern taste for functional designo For the educated, there was 
also Ihe reference L,,) the Aryan race evoked by the symbol from 
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India. The pressures of the social context did the resl. No wonder 
a recent writer, Jay Doblin, has credited Hitler, "the frustrated 
artist:' with having become " the trademark designer of Ihe century." 

Whar /radem(lrk .~ ca" /efl 

Commercial Irademark designers cannot rel y on the powetful social 
forces that were at Hitler's command. What makes their task all 
the more difficult is that in mosl cases they cannot make their de
signs self-explanalory. The taste and slyle of our time assoeiales 
successful business with clean-cut, starkl y redueed shape, and the 
disorder and rapidity of modern living calls for stimuli of split
second effieiency. The problem is thal a pattern of high abstntctness 
fails lo specify its referent , whereas the identifieation of a particular 
compan y, brand. instilulion. idea , is Ihe purpose of advertising. 
Doblin cites experiments lO show Ihal the " Iogotype," Ihat ¡s, the 
verbal name or slogan presented in commercia l designo is idenlified 
by eonsumers more readily than lhe brandmark. In facl. the pres
ence of the brandmark may deerease the number of correet re
sponses 10 Ihe logolype. Doblin concJudes that "from a communi
cations viewpoint a brandmark. for most companies, is nOI only a 
waste of time but can actually become a detriment. " Whatever 
the validity of thi s argument. il illustrales ¡he peculiar character of 
highly abstraet patterns. 

The inability of such patterns to speeify a particular applicalion 
brings to mind similar findings in experimenls on the meaning of 
music. For example. in order to determine whether the "intentions 
of composers" can be gathered from their works, Melvin G. Rigg 
played a number of reeordings, taken mostly from cJassical opera, 
and asked Iisleners 10 match Ihem wilh descriptions li sled on a 
questionnaire as 10 their generie mood (sorrowful. joyfu!). their 
overall subject eategory (death. religion, love. etc.), and Iheir spe
eifie program (farewell. prayer, Good Friday musie. spinning song, 
moonlighl , etc.). The li sleners did well at the highest level of ab
slraetion bUI poorly at the lowest. To conclude from that, as Rigg 
did , " Ihat the inlentions of composers usuall y do not 'gel over' in 
any specific way lo the cultural slrata of our population" is lo mis
interpret the nalure of music and ils relation 10 speeific program 
content. The cognitive virtue of music derives precisely from the 
high level of abslractness at which it depicts palterns of forces. 
These paUems in themselves do not point to any particular "appliea-
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Iion" but ean be made to interpret sueh instanees. Program musie, 
the portrayal of narrative subject matter by sounds, has never been 
more than an awkward curiosity, exactly because it attempts to 
depict a particular content through a generic medium. lnversely, 
in an opera or as accompaniment to a theater play or film, music 
serves to give shape to the generic inherent in the particular. In 
the words of Schopenhauer, "music demonstrates here its power 
and higher aptitude by offering the deepest , ultimate, and mosl 
secret revelations about the feelings expressed in the words or the 
action which the opera represents, and disc10ses their proper and 
true essence. Music acquaints us with the intimate soul of the hap~ 
penings and events of which the stage gives us no more than the 
husk and body." 

Visual images have similar virtues and weaknesses. Just as 
Saint~Saéns' music cannot hope lo identify Omphale's Spinning 
Whul, trademarks and other such emblems cannot identify a par
ticular product or producer. Identification can only be obtained by 
what the men in Ihe trade call "strong penetration," Ihat ¡s, insistent 
re~enforcement of the association of signifier and referent, as ex~ 
empliñed by religious emblems (Cross, Slar of David), flag designs 
(Canada's maple leaf, Japan's rising sun), or Ihe Red Cross. There~ 
fore. lO test the value of trademarks independently of the context 
that ties them to their owners is like evalualing a diagram on Ihe 
c1assroom blackboard wilhout reference to the professor's ex~ 

planatory speech. 
The color blue a lady is wearing may be experienced by an ob· 

server as an essentiaJ feature of her personality; but that color by 
itself may in no way invoke the image of the lady. Thus, a good 
trademark can strengthen the individual character of its wearer 
by a striking sensory supplement without evoking that reference by 
itself. When I meet the lrademark designed by Francesco Saroglia 
for the I nternational Wool Secretariat (Figure 46) 1 may not identify 
¡l. because its supple , flexible. smooth shapes portray a very generic 
quality. It has an elegance deliberately choseo to counteract the 
connotation of stodgy Iweeds, bUI il is not specific to wool. In the 
proper contexto the simple design fecuses on these essential and 
desirable properties in a tangible, concentrated fashion. helpful to 
the intended message. 

A good modern trademark interprets the characler of its wearer 
by associating it with sharply defined patterns of visual forces. The 
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well-known emblem of the Chase Manhattan Bank designed by 
Chermayeff and Geismar may serve rs an examp1e (Figure 47). 
The inner square and Ihe OUler octagon produce a centrically sym
melrical figure. conveying Ihe sense of repose, compaclness, so
lidily. Closed like a fortress againsl inlerference and unlouched by 
Ihe changes and vicissitudes of lime, Ihe litlle monument is built 
of sturdy blocks defined by parallel straight edges and simple angles. 
At the same time. il has (he necessary vitality and goal-directedness. 
The pointed units contribule dynamic forces whieh . however, do 
nOI displace the figure as a whole bul are eonfined within the stable, 
direetionless framework. The anlagonistic movemenls compensate 

Figure 46 Figure 47 

each olher 10 an ovenlll enlivened stillness or add up 10 Ihe sleady. 
eonlained rol al ion of a motor. Furthermore. the four eomponents 
are tightly fitled into the whole bUI al the same time preserve an 
inlegrily of their own, Ihus showing multiplicity of initiative, ex
ecuted by elements, whose individuality is limited. however. lo a 
difference of position in the whole. In addition. Ihe figure is usefully 
ambiguous in the connection of the four elements. Seen as right
angular blocks wilh a comer c1ipped off. Ihe four fit eaeh olher like 
brieks in a wall. Seen as four symmetrical prisms Ihey overlap each 
olher and thereby inlerlock. The delicate balance between adjoin
jng each olher and interacting with each other by cooperative clasp 
funher iIIustrates the nature of the inlernal organization. 

To sorne cxtent. so highly abstract an image will always have 
the ehill or rernoteness. 1I eannot give the sensuous fluffiness or 
wool conveyed by a good color photograph or realistic painting. 
It eannot show Ihe bustle or the bank, its people, its splendid halls. 
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On the other hand, il need not limit ¡tself to the mere identificatíon 
of relevant structural properties. Any design has dynamic qualities, 
which contribute 10 characterizing the object. Simple shapes can 
evoke the expressive qualities of suppleness or vitality or harmony. 
This sort of evocation is indispensable in arto The emblems here 
discussed dwell curiously between art and the cognitive funetions 
of mere identifiealion and dislinction. An emblem may be a perfectly 
aeceptable analogue of the referent for whieh it slands, and yet il 
may nol intend lo evoke its dynamic impacl or nol sueeeed in doing il. 

This is partieularly evident when the referent has slrong emo~ 
lional connotations. Figures 48 and 49 give two examples, the one 

Figure 48 Figure 49 

Ernst Roch's proposal oC aD emblem for the Canadian World's 
Fair of 1967, the other designed by Saul Bass for the Cornmittee 
for a Sane Nuclear Policy. Both are most dislinctive and display 
attractive inlelligence in reducing the objects they depict to simply 
defined visual patterns. Roch's design, in which Leonardo's famous 
drawing of Ihe Vitruvian man reverberates, was intended to i)~ 
lustrate the theme of Ihe exhibition: Man and His World. Bass 
shows protective hands trying lo contain an atomic explosion. 
While both designs focus on essential elements of their subjeet 
rnatter with great precision, Roch's terrestrial globe does nol at~ 
lempt to con ve y a sense of vastness. and there is no real reaching, 
ernbracing. or upholding in Ihe arms, no power in the straddled legs. 
Sirnilarly in the Bass ernblern, Ihe exploding fragments have ¡iale 
destructive power, and the hands may not ¡ook actively proteclive 
10 sorne observers. 

This reduction of expressive dynarnics 10 a mere hinl may be 
exaclly appropriate. The principal function of an ernblern is nOI 
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lhal of a work of arto A painling or piece of sculpture is intended to 
evoke the ímpact of a configuratíon offorces. and the references lo 
Ihe subject matter of a work are only a means lo (hal end. lnversely, 
a design, meanl lo serve identificalion and distinclion, uses dynamic 
expression mainly for thís príncipal purpose: just as {he Ihree 
strokes of the Chinese characler for "mountain" hint nol only al 
peaks but also al their rising and thereby make the reference a bit 
more lively. Of course, even the most sober and neutral design can 
unleash violenl passion through the meaning associaled wilh i1. 
Bul the dynamics inherent in a visual object- in a Baroque paint
ing. for instance-is one thing: (he emotions released by il-such 
as by hammer and sick le-are quite another. 

Experief/ce inrerllcli"l-f wirlt ideas 

PiClorial analogues, I said earlier, fulfill a mediating poslllon be
tween the world of sensory experience and lhe disembodied forces 
underlying the objects and evenlS of Ihal experience. A portrait 
by Rembrandl is a piclure, interpreting a particular inhabitant of 
Amslerdam as a kind of person, characterized by a particular pat· 
tem of physical and psychical forces-a mano let us say, battered 
but upright. vigilant bUI thoughtful. At the same time, Ihe unknown 
man from a past century is of lasling interesl as a symbol because 
hb ¡mage give:-. animated appearancc 10 Ihose more abstrael quali
líes of oppression and resistance. outward·direclcdness and inncr 
conlainmen1. The same is true for a good "abstract." Le .. non· 
mimelic work of art. Since il does not portray the external shape of 
physical objects, it is closer 10 Ihe pure forces il presents symhol· 
iC<llly: bul it portmys al the same time the inherent nature of the 
Ihings and events of the world and thereby mainlain~ its relevance 
10 human life on earlh. In sum, every piclorial amdogue performs 
Ihe lask of reasooing by fusing sensory appearancc and generic 
concepl~ inlo onc unified cognilive slalement. 

How esscnlial it is that these two aspects of the ¡mage should 
complemcnt cach other eonstanlly. nOI only in the arts bul every
where in human thinking. has been pointed out by Goethe in an 
cloqueo! passage of his TI,eory olC%r: 

Wilh rcgard 10 figurative speech and indireCI expression. poelry has greal advan
lage over al! Ihe olher ways of language. 11 can use any image. any relation 10 
suil ils own characlcr and convenience. 11 compares the spirilual wi¡h Ihe physical 



PICTURES. SVM80LS, AND SIGNS 149 

and vice versa: Ihoughl wilh lighlning, lightning wilh Ihought, whereby Ihe in
terdependence of the malters of OUT world [das Wechselleben der Weltgegen
sliinde] is expressed in the bes! way. Philosophy. too, in its climaclic moments, 
needs indirecl expressions and figuralive speech, as wilnessed by its use of sym
bolism, which we have often mentioned. bolh censuring and defending ¡l. Unfor
tunately. history tells us Ihal the philosophical schools. depending on (he manner 
and approach of their founders and principal leachers, suffer from employing 
one-sided symbols in order 10 express and maSler Ihe whole. In panicular, sorne 
of Ihem ¡osisl on describing Ihe physical by spiri lual symbols while others want 
physical symbols for Ihe spiritual. In Ihis fashioo. subjecls are never worked 
through ; instead, a disjunclion comes aboul in what is 10 be represented and de
fined and therefore also a discrepancy among Ihose concerned with il. In conse
quence. ill will is crealed on bolh sides and a partisan spirit establishes itself. 

There are paintings and sculptures that portray figures, objecls, 
actions in a more or less realistic style, bul indicale thal they are 
not to be taken at their face value. They make no sense as reports 
on what goes on in life on earth, bul are intended primarily as sym
bolic vehicles of ideas. The beholder is overcome by the uncanny 
feeling of which Hegel speaks with regard to the symbolism of 
ancient oriental art: "Wir fLlhlen, dass wir unter Aufgaben wandeln" 
(We have the sensation of wandering among tasks.) Since the pic
ture does nol simply interpret life, the beholder faces the task of 
telling what il symbolizes. Picasso's early painling La Vie is called 
by Wilhelm Boeck a tribute to the secularized philosophical syrn
bolism of art around the lum of Ihe cenlury. Boeck describes Ihis 
representation of "life" as follows: 

A barefoot woman is standing al the righl, her serious faee in profile, with a 
steeping iofant in the folds of her draped garment. At the left slands ¡he graceful 
nude or a young couple. seeking eaeh other's prolection as though suddenly 
frightened : the man is larger. wilh Ihe high forehead of an inlelleclual. the tender 
woman is all devotion. They race the mother but their glance is turned inward: 
engrossed in their own destiny, they do not see her. although !he index finger of 
the man's sensitive left hand poinls emphalieally 10 the child. Behind Ihe rore
ground figures we see two painted slUdies: the lower one shows a squaui ng nude 
losl in a reverie: ¡he upper one, a seated couple whose anilude eehocs thal of the 
couple standing in the foreground. 

Clearly. the painter has undertaken to represent an idea of Ihe kind 
directly expressed as a theoretical schema, for example, in Keats' 
sonnet Tlle H/lman Seasons or in the riddle of Ihe Sphinx ("What 
creature goes on four feet in the moming, on two al noonday, on 
three in Ihe evening?") Clearly also, the painter treads on dangerous 
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ground. Explicilly symbolical represenlalions are cornmon in all 
cultures. But since Ihey take their principal cue from an idea. Ihe 
"'Iyle of the presentalion musl warn the be holder that he is nOI in 
the realm of earthly happenings. On Ihe other hand, in this twilight 
area between diagram and arto Ihere is always Ihe risk of ideas 
coercing Ihe life of ¡he image. The so-called allegory travesties 
the las k of the symbol by illust rating ideas through Slandardized 
c1iché~. Conceptual norm becomes poverty of imagination. Hence 
the chilling effect of overly cerebral novels. in which unconsum
mated theorems are draped over the characters as though Ihey were 
the durnmies of a dressmaker. Hence also ¡he ludicrousness of 
schematic symbolism in sorne amaleur art, cheap oralory, ordreams. 
Roger Fry has poked fun al the poor artistic quality of ¡he dreams 
ciled by Ihe psychoanalysl Oskar Pfisler. who wished 10 show lhal 
poetic inspiration derives from Ihe same source as do dreams. Here 
is an example: 

A youlh is aboutto leap away from a female corp~e onto a bridge lost in a sea of 
fag. in Ihe midst of which Death Is standing. Behind him the sun rises in bl00dred 
splendor. On the righl margin two pairs of hands are trying 10 recall or hold back 
the hurrying youth. 

I suspeCI lhat ¡he repulsiveness of amateur fantasy , which Freud 
nOled in reactions to daydreams and cheap tiction , is aroused not 
so much beca use desires and fears are revealed in their nakedness, 
bul because preconceived ideas and hackneyed imagery are permit
ted to interfere with the truthfulness of the stalement. These prod
ucts of the mind are cognitively undean. 

T 1I'l) scale s olabstr(lcf;O" 

What I have tried to say about the functions of pictorial analogues 
is summed up in Figure 50. Pictures and symbols depict experience 
by means of imagcs in two complemenlary ways. In a picturc. the 
abstraction level of the image is higher than thal of the experience it 
represents: in a symbol the opposite is {he case. 

While every image connecls two specific levels of the two scales. 
it is most desirable for the particular purposes of art that the whole 
range of both scales reverberate in each instance of pictorial repre
sentation. This means for the Image Scale that although a painting 
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may be entirely "abstraet" (non-mimetic), it needs to refleet sorne 
of the eomplexity of form by whieh realistic works depiet the wealth 
of human experienee. Inversely, a realistie portrayal, in order to be 
readable, generie, and expressive, must tit its presentation of objeels 
10 the pure forms. more directly embodied in non-mimetk arto 
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Figure 50 

For the Experience Seale Ihis eondition demands that while focus
ing upon Ihe ultimate forces inheren! in existen ce. the mind view 
them as creating the richness of empirica1 manifestation; and vice 
versa. the teeming multiplicity of particular phenomena must be seen 
as organized by underlying general principies. 

This doclrinaire demand will appear justified if one thinks of what 
happens when the two scales are not fully extended or nol fully per
meable. Under such pathological conditions, a seale is trimmed or 
cut through at sorne level , leaving the mind with a restricted range. 
Restriction to the bottom of Ihe image seale may lead to the thought
less imitation of natural objects. Al the top end, isolation makes for 
a rigid geometry, orderly enough, but lOO impoverished to oeeupy 
the human brain. the mOS! differentiated creation of nature. On the 
side of experience, limitation to the bottom of the scale makes for a 
materialist ic. utilitarian outlook. unrelieved by guiding ideas. At 
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the top we gel anaemic speculation, the purely formal handling of 
theoretical propositions or nonns. 

Any such restriction ofthought and expression weakens the valid· 
¡IY of artistic statements. In an ideal civilization. no object is per· 
ceived and no aclion peñormed withoul an open-ended vista of 
analogues, which point lo Ihe most abstraet guiding principies; 
ando inversely. when pureo generie shapes are handled, there rever
berates in human reasoning the experience of particular existenee, 
whieh gives substance to thought. 



9. What Abstracfíon 1s Not 

We need and want lo rebuild (he bridge between perception and 
thinking. 1 have tried to show that perception consists in the grasp~ 
íog of relevant generic [ealures oflhe objecl. Inversely, thinking, in 
order lO have something to think about, must be based on ¡mages of 
the world in which we ¡ive. The tbought elements in perception and 
the perceptual elements in thought are complementary. They make 
human cognition a unitary process. which leads without break from 
the elementary acquisition of sensory information to the most ge
nerie theoretical ideas. The essential trail of this unitary cognitive 
process is that al every leve! it involves abstraction. Therefore the 
nature and meaniog of abstraction must be examined with eare. 

Our thesis is simple enough. But there is liHle hope that its posi
tive aspeets will be understood and accepted unless a number of 
misleading conceptions of abslraclion are described and refuted. 

In its li teral sen se. the word "bstmction is negative. It speaks 
of removal sinee the verb abstrahere means aetively to draw some
thing away from somewhere and passively to be drawn away from 
something. The Oxford Dietionary quotes seventeenth century 
usage: "The more abstraet we are from Ihe body ... the more tit 
we shall be lo behold divine Iighe" An absent-minded man is "ab
straeted," and a person having "no idea of poverty, buI in the 
abstraet" is understood lo be somebody who does not really know. 
Similarly. lo abstraet somelhing means 10 take il away from some
where, as in this example dating from 1387: " ... the names of 
the authors of whom this present ehroniele is abstraet." 

153 
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A harmful dichotonl)' 

This sense of removal and detachmenl places an inauspicious bur
den on the name of this mental operation. lo psychological theory, 
Ihe term llbstraction has frequeotly been laken 10 refer lO a process 
tha! is based on sensory data buI lea ves them behind and abandons 
them lotally. John Locke said that in order to abstract we lake the 
particular ideas received from particular objects and separa te them 
"from all other existences and the circumstances of real exislence. 
as time. place, or any other concomitant ideas." And further: 

Such precise, naked appear.lnces in the mind, without considering how. whence. 
or wilh whal Olhers Ihey carne Ihere. Ihe underslanding lays up (wilh mimes com
monly annexed 10 them) as the slandards 10 rank real exiSlence inlo sorts, as 
Ihey agree wilh these patlems, and 10 denominale them accordingly. 

Even in our own lime we still mee! the bel ief thal a conceplion. in 
order to be Iruly abstracto mus! be free from any perceptual col
lateral. which wou ld be viewed as an impurity. For example, René 
Pellet. in a book intended lo describe the developmenl from the 
"perception of the concrete" to the "conception of the abstract," 
states: "We shall understand the word 'abstraction' in its mosl ele
valed sense when Ihe mind is capable of conceiving out si de of the 
concrete represenlalions. Ihal is. of creatíog without aoy support 
based on what is perceplually given 01" remembered." Abstraction, 
he says. is an organization of the mind that passes beyond the con
crete and has freed itself from il. 

Instead of relying on sensory experience. abstmcI Ihinking was 
supposed to take place in words. II was believed. for example, Ihat a 
creature deprived of speech could nol abstracr. In the passage jusI 
quoted. Locke said of animals that "Ihe power of abslracting is nOI 
al all in them. and Ihal Ihe having of general ideas is that whieh puts 
a perfeel distinetion betwixt man and brutes." And Pellet states: 
" Since the deaf and dumb are limited 10 their gesture language. 
which is descriptive and chronologieal and applies only to concrete 
facts or acts they never attain the process of abstmction or generali
zation." 

The misleading dichotomy between pereeiving and thinking is 
reflected in Ihe praelice of distinguishing "abstract" from "con
cre te" things as though they belonged lo two mUlually exclusive 
sets: Iha! is. as though an abstraet thing cou ld not be concrete al the 



WHAT ABSTRACTION Is NOT 155 

same time, and vice versa. The state of affairs is oicely illustrated 
by the anecdote of a child who asks his father: "What is abstract?" 
The father aoswers after sorne hesitation: .. Abstract is what cannot 
be touched." Whereupon the child: "Oh. I know: like God and 
poisbn ivy!" The crudest misuse of the two terms. then, is that of 
saying "concrete" when "perceivable" is intended, and "abstraet" 
lo describe what is not accessible to the senses. 

lt is equally misleading lo cal! concrete thal which is physical and 
abstract that which is mental. Compare the usual opening of the 
game Twenty Questions: •. Is it concrele or abstract?" Atable is 
concrete. but liberty is supposed lO be abstract. My friend is con
crete but friendship is noto This apparently simple distinction in
vol ves. first of al!. an ontological muddle since [able can either be a 
material object or an object perceived. remembered, or thought 
about. If the distinction ¡ntended is Ihat of things in Ihe physical 
world beyond the sen ses as against the conlents of the mind. Ihere 
is no excuse for replacing clear terms with misleading ones. If. how
ever, the assumption is Ihal a person knows only what is io his mind, 
the distinction is between extracerebral percepts, which are due to 
objects or events located outside of the braio (table, solar eclipse, 
stomach ache) and intracerebral percepts. caused by processes 
within the brain itself (memory images, thoughts, concepts. senti
ments). lo this case, it is necessary to reaJize (hal the latter are as 
concrete as the former. The experience of seeing atable or sensing 
a pain somewhere in one's body is no more or no less concrete Ihan 
Ihal of having an image or idea of something. Any of these experi
ences may be precise or imprecise, sharp or vague, bul they are all 
invariably concrete. 

AII mental contents are particular. unique items. even ¡fthey are 
also "universal s." Ihat is. even if they are concepts standing for a 
kind of object or idea. This observation was made most c1early by 
Berkeley and was hailed by Hume as "one of the greatest and most 
valuable discoveries that has been made of late years in the republic 
of letters." Berkeley realized that "an idea. which considered in it
self is particular. becomes general by being made to represent or 
stand for all other particular ideas oflhe same sort"; and furtheron: 

... Universality, so far as lean comprehend. not consisting in the absolute, posi
tive nalure or conception of any thing. but in the relation it bears to the particulars 
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signified or represented by il: by vinue whereofil is Ihat Ihings. names, or nolions. 
being in their own nature particular, are rendered universal. 

In other words. the concept ((lb/e is just as concrete and individual 
a mental conlent as the memory image of a lable or Ihe percept of a 
physical table standing in front of the observer, Friendship is as con~ 
crete as any particular friend, God and Ihe nolion of God are as 
concrete as Ihe concept of poi son ¡vy or any specimen of that planL 
Bul any object. evenl, or idea becomes a universal when il is trealed 
as standing ror a populalion of instances, It becomes an abslraction 
when it is treated as a distillate drawn from some more complex 
entity or kind of entity. 

In no way can the lerms "concrete" and "abstract" serve lo sort 
the ilems of experience in two conlainers. Neithcr are lhey an~ 
lonyms nor do they refer to mutually exclusive populations. Con· 
creleness is a property of all things, physical or mental, and many of 
these same Ihings can also serve as abstractions. 

How necessary il is 10 ctear up the confusion becomes evident 
when. in a well~known and Iypical inlroduction to logic. one comes 
across Ihe semence: "Lel us, therefore, admito as we al! can, lhat 
abstraclions are nol real if Ihe real is defined as that which is con~ 
crele and not abstracL" Here OUT two adjeclives are Ireated as dis~ 
junclives. as Ihough a thingcould not be abstract and concrete al the 
same time; and concreleness is equated with material existence. A 
bit later. the same book admonishes us lo realize "Ihat Ihe abstract 
objecls of thoughl, such as numbers./lIl1'. or pC'lf('("t1r ,~/r(li1?/¡llill(',f. 
are real parts of nature (even though Ihey exist nOI as parriCfllar 
things bUI as Ihe relllliolls or trtlllsfomwúof/ ,\ of such parlicu~ 

lars) .. ., This statement confuses what a thing is with whal is may 
sland for and asserts Ihat an enlity can exisl without being a par
ticular. 

Any phenomenon experienced by the mind can acquire abstracl~ 
ness if il is seen as a distillate of something more complex. Such a 
phenomenon can be a highly rarified pattern of forces or it can be an 
event or objcct in which the relevant properties of a kind of event 
or object are strikingly embodied. Using a lerm introduced in the 
preceding chapler, we may say Ihal a phenomenon is an abstraclion 
whcn it serves as a picture. It may fulfill this function for one person 
but not for another, for the adherents of one culture bUI nol for Ihose 
of another: and il may suddenly acquire Ihis property of poinling 
beyond itself for a person who had nOI looked on il that way before. 
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A bstraction based on gelleralizatioll? 

An abstraction is defined traditionaJly as the sum of the properties 
which a number of particular instances have in cornmon. Locke 
tells us that "the senses al first let in particular ideas and furnish the 
yet empty cabinet." He explains Ihat the natural tendency oC the 
mind is towards knowledge; bul the mind finds that, if it should 
proceed by, and dwell upon, only particular things its progress 
would be very slow aod the work endless. Therefore, to shorten ils 
way lo knowledge and make each perception more compreheosive, 
(he first thing it does is "lo biod them into bundles aod raok them 
iolO sorts so thal what knowledge il gets of any oC them ir may 
thereby with assurance extend to all of that sort." 

Traditionally, Ihen, all abstraction is supposed to be based 00 

generalization. So accustomed are we to this belief and so convine
jog does it sound that we no longer reaJize how much il is al variance 
with what actually happens and what difficulty il presents even in 
theory. To be sure, generalization exists, and 1 shall suggest later 
in what way it serves abstraction. Bul it is hard lo see how it could 
be the first step lO knowledge, as had been c1aimed ever since Locke. 
In his PrincipIes of Psychology William James proposed what he 
called "the law of dissociation by varying concomitants." This law 
stated: "What is associated now with one thing and now with an
other tends lo become dissociated from either, and to grow ioto an 
object of abstract contemplatioo by the mind." He was quick to add: 
"Why the repetitioo of the character in combination with different 
wholes will cause it thus lO break up its adhesion with any one of 
them. and roll out, as il were, alone upon Ihe table of consciousness, 
is a little ofa mystery." II isa mystery indeed. bUI the problem is nOl 
so much in the why as in the how. Why it is convenient for the mind 
to generalize has been shown quite lucidly by Locke. Bul how Ihat 
mind could proceed to generalities ¡ffaced by nothing but particulars 
is hard to imagine. 

Presumably there are no two things in this world that have nothing 
in common. and most things have a great deal in common. Suppose 
now that every community of traits would induce us to group the 
corresponding Ihings under a concepl. Obviously, the result would 
be an incalculable number of groupings. Each individual thing would 
be explicilly assigned lo as many groups as there are possible com
binations of its attributes. A cal would be made lo hold membership 
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in the associations of material things. organic things. anirnals. 
rnarnrnals. felines. and so forth. all the way up to that exclusive club 
for which only this one cat would qualify. Not only this. but our cat 
would al so belong among the black things. the furry things. the pels. 
the subjects of art and poetry. the Egyptian divinities .. the customers 
of the meat and canning industries. the dream symbols. the con
sumers of oxygen, and so on forever. In the universe of theorelical 
logic all Ihese memberships are in fact constan ti y present when the 
concept CllI comes up; bUI the actual consummalion of all of this 
infinilY of groupings based on different traits. different groups of 
traits. and differing in the number of their members would not con
tribute lO sensible orientation. It would rather produce acatastrophie 
onslaught of information. 

This being ¡he dismal prospeel. one would need. first of all. sorne 
criterion of selection. If abstraction were in fact a devlce of eeono
mizing by reducing the many to the few. the logical procedure might 
be lO start with properties or groups of properties found in the larg
esl number of individual eases and work one's way gradually 10 
(hose representing fewer and fewer. Is this what we actually do? A 
glance at a child's eoneepts shows Ihat it cannol be so. There may 
be only one dog in the child's world bul from the beginning lha! 
dog will constitute a distincl calegory although Ihe category contains 
only one member. whereas trees or houses or clouds, numerous 
Ihough ¡hey are, may have much less priorily in ¡he child's world 
order. Grouping seems to be quite unrelated lo how many members 
each group comprises. 

Perh'lps we do nol go by size of populalion but by number of 
traits. grouping ¡hose individual instances which huye the mos! 
Irait!>. in common. This indeed reminds us of something we do. We 
match man with man, bird with bird, matchbox with matchbox. 
Whelher we do so by counling traits is a question to be kept in abey
ance. In the meanlime. we nOlice Ihat such a procedure would suffer 
from diminishing returns. The larger the number of common traits, 
the smaller lhe number of individuals comprised in the group tends 
lo be. even in un age of mass production. and therefore the more 
limiled is its use for practical classificulion. In lhe extreme. we are 
left with as many classes as there are individuals. We are back 10 
where we slarted and have no classiñcation at a1l. Add to this lhe 
facI thal quite frequently we make groupings on the basis of one 
distinguishing trait alone. Flammable or non-flamrnable - nothing 
else may mallero 
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The conclusion seems lo be Ihal while at times we c1assify 
according lo the number of specimens covered by a concept or the 
number of traits it contains. counting does not give the criterion 
needed here. It seems more promising to say thal people group 
things aecording 10 their particular interests. For example, cases 
ean be eited in which human beings are c1assified by size, weight, 
income, skin color , number of gold teeth, or their ideas about the 
supematural- no criterion of selection seems ineligible, eaeh may 
be justified by the proper oeeasion, and what serves one purpose 
or direction of interest may be absurd for another. Anthropologists 
and psychologists have shown that even with regard te very basie 
conceptions the eriteria of c1assification vary widely, but that they 
derive sensibly from the purpose in each case. 

However, interest, although providing a criterion for selection, 
does nOI solve the basic cognitive problem. Let us consider an 
example. According to Freud, the human mind groups, at (he leve) at 
which dreams are made, sticks, umbrellas, knives, steeples, water
ing cans, serpenls, fishes, nail files , hammers, zeppelins and the 
number three. Another group of dream items comprises pits, hol
)ows, caves, bottles, boxes, chesls , pockets , ships , gates, and 
mouths. This grouping is made because of a vital concem with the 
organs of reproduction. More specifically, the grouping is not based 
on just any attribule objecls happen to have in cornmon with the 
genitals but on those crucial to the sexual interesl , namely, pointed
ness and the capacity lo rise and pour versus concavity, receplivity, 
etc. 

Ir Ihis is so, are we nOI implying that in order for the grouping to 
occur an abstraction had lo lake place beforehand? The crucial 
altributes just mentioned had to be distilled from the particular 
shape and functioning of the sexual organs. Wilhout this prior ab
straetion there could be no seleetion of the objects serving as dream 
images. This means tha! an abstraet concept, supposed lo be the 
fruil of generalization. turos out to be its necessary prerequisite. 
We find ourselves entangled in whal Piagel and Inhelder have de
scribed as "a vicious circle which can only be resolved by a genetic 
analysis." On the one hand, Ihey explain, we cannOI determine what 
properties are common to a set of elements, Le., the "intension" 
of the class , by studying individual members in succession because 
we could nOI be sure of abstracting correctly until we had examined 
all members of the group, which is most often impractical or impos-
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sible . On Ihe olhcr hand . we cannol pick the particulars to be ex
amined in the firsl place without eSlablishing some common property 
by which lo choose Ihem. " In olher wo rds. extension presupposes 
¡n(ension. and "ice I'nsa." 

Henri Bergson clearly diagnosed Ihe "ci rcle" in 1896: " 1 n order 
10 generalize one musl first abstracl. bul in arder lo abslracl use
fully one musl already know how 10 generali ze." He also suggesled 
Ihal (he (rouble was due lo the assumption Ihal perception is limited 
10 Ihe recording of individual cases. This was a mOSI helpful obser
valion. Bergson too k another decisive step forward by poinling lo 
what he called the utilit arian origin of sense perceplion. Perception. 
one mighl say in elaboration of his thoughl . is an inslrumenl of Ihe 
organismo developed during phylogenetic evolulion as a means of 
discovering Ihe presence of whal is nceded for survival and for 
being alerl ed 10 danger. These needs. argues Bergson. refer 10 kinds 
of thing, to qualilies ralher Ihan lO particular individuals. What 
atlraCls the herbivorous animal is herbage in general, "Ihe color and 
Ihe odor of herbage. sensed and submitted lo as forees ... " The 
precise distinclion of individual objects. he says. is "1111 t/lXl' de /a 
perCl'priol1'" - a lu xury of pereeption. 

This observation is most relevan!. However. \.l/e cannol follow 
Bergson when he denies Ihat such perceptual selecti vity in animals 
is an early form of abslrJet ion. He bases his contention o n eom
pari sons with olher processes in nalure that are not abstractions. 
If hydrochloric acid di scovers carbonate of lime in it s various em
bodiments and aets on them always in the same way. whether they 
be marble or chalk. or if a plant draws invariably Ihe same sub
stances from the soi l. are we going to say Ihey perform abSlractions? 
Probabl y nOI, for Ihe reason Ihat Ihey do nOI select some proper
lies from a given conlexl. By Iheir ve ry nature they can respond onl y 
in these particular ways. The rest of Ihe environment does nOI 
impinge lIpon them, and (herefore Ihere is no need of abstraction. 
or opporlunity for il. Similarly. a blind man cannol be said lo ab
st ract Ihe sounds he hears from their natural contexl of sights. since 
Ihose sighls were nOI given lo him from Ihe oUl se!. Nor does the 
sensc of sight "abstrael," from Ihe range of eleclromagnelic waves. 
Ihal narro w band of wave lenglhs betwecn sixteen and Ihirty-two 
millionths of an ¡nch 10 which il is re~ponsive. A filler does nOl 
abslrac!. nor does a eoi n-sort ing machi ne. 

Howeve r, (he mind of a human bcing o r animal is. for Ihe most. 
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not in this situation when it gathers the primary generalities from 
Ihe world of visual experience. Bergson holds that no abstraetion 
lakes place in perception. As percepts, he maintains. all the particu~ 

lar instan ces met in experienee are differenl from eaeh other; but 
sorne of them are reacted to in the same way and yield the same 
useful results ; e.g., they all indicate things good to eal. In con~ 
sequence, "something they have in common will detach itself from 
Ihem. " To argue in this way is to lurn the faets upside down. Per· 
cepts are reaeted to in a similar way because similarilies have been 
discovered in them. The mechanism of thi s discovery of similarity 
needs to be explained. 

The absurdity of Bergson's suggestion should be evident, but 
the idea is nevertheJess attractive 10 theorists reluctant lo admit 
abstraction in perception. For instance , Jean Laporte has asserted 
Ihat abstractions are drawn from perceptual material by means of 
imitative gestures, which have already been elaboratcd on other 
similar objects and are now applied again. A circular tracing move· 
ment , for example, will be the response to something round , and in 
thi s way the object is fitted to "que/que scheme préexistllllt ," such 
as circularity or right~angularity. Laporte uses the abstractness of 
descriptive gestures, which 1 discussed earlier, without acknowledg· 
ing that il presupposes the prior perception of abstract shape. 

There is no way of getting around the facI that an abslraetive 
grasp of struetural fealures is the very basis of pereeption and lhe 
beginning of all eognition. The grouping of instanees, aJlegedly the 
neeessary preparation for abstraction, must be preceded by abstrae· 
tion, because from where else would the criteria for selection come? 
Before one ean generalize one must single out eharaeteristics that 
will serve 10 determine which things are to belong under one head· 
jng. This is to say: generaJization presupposes abstraction. 

Susanne K. Langer describes primary abstraction as "Ihe prin~ 
ciple of automatically abstractive seeing and hearing." She writes: 

The abstraetion of form here aehieved is probably not made by eomparison of 
several examples. as Ihe classieal Brilish empirieislS assumed. nor by repeated 
impressions reinforcing the engram. as a more modem psyehology proposes. but 
is derived from some single ¡nstanee under proper eondilions of imaginalive readi
ness; wllereupon the visual formo onee abslracled. is imposed on other actualilies, 
Ihat is, used interprelively wherever il will serve and as long as il will serve. 
Gradually, under Ihe influenee of other interprelive possibilities. il may be merged 
and modified, or suddenly discarded, sueeeeded by a more eonvincing or more 
promising gestalt. 
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The value of Ihis beautiful stalement is large ly undone. however. 
when Mrs. Langer asserls Ihal such " presentationa l abstraction" 
is specific lo the arts and 10 be distinguished from "generalizing 
abstraclion." which she considers Ihe method ofscience: " In scien
tific thinking, concepls are abslracted from concrelely described 
facls by a sequence of widening generalization: progressive generali
zalion sys lematically pursued can yield allthe poweñul and rarefied 
abstraclions of physics. m'lthematics. and logic." This is an unfortu
nate. misleading limitation. In the sc iences and elsewhere. there are 
instances in which a set of items is searched for common properlies. 
but they are nol typical of Ihe way in which abstraction lakes place. 
On the basis of some common characleristic a scienli st may indeed 
search a group of cases for other properties they may share -such as 
a particular virus in the blood of indiviuuals suffering from cancer
bul he will resor! to such mechanical scanning only because for the 
time being he is wilhout Ihe dala needed for a beller procedure. 
Also. here again. before he began hi~ search. Ihe group of ca~es 10 
be examined was se lecled by an abslraclion. Nobody analyses 
mndom samples of cases withoul delermining by some criterion the 
population from which Ihe samples are 10 be drawn. The mind Is al
ways steered by purpose. 

The relation between abst raction and generalization is reflecled 
in the age-old di scussion concerning the nalure and value of i"duc
riol/. I nduction. commonly defined as "the process of discovering 
principies by the observation and combination of particular in
slances." consists in drawing geneml conclusions from whal has 
been observed in a number of cases. By now. most Iheo risls would 
agree that. in Ihe word!> of Morris R. eohen. "science never draws 
any inference from any sense-data except when the lalter Hre viewcd 
as already embodying or illustrating certain universa ls." Thal is. 
sc ience makes full use of Ihe "presenlalional abstraclion" which 
Mrs. Langer considers a privilege orthe arts. In an illuminating radio 
lalk. entitled "ls Ihe Scientific Paper A Fraud?" the British scienlist 
P. B. Medawarcomplained. however. that even now Ihe lI sual pres
entalion of scientific findings tends lo sustain the fiction Ihat the 
facls were gathered withoul any previous assumplion as 10 whal 
they might tel!. "Vou have lO prelend that you r mind is. so to speak. 
a virgin rece pi acle. an empty vessel. for informalion which floods 
into it from lhe external world for no reason which you yourself 
have revealed." The accepted slyle of writing. he explains. derives 
from a clinging lo the lradilional nolion of induction as lhe only 
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purely factual sc ientific procedure. not contaminated by precon· 
ceived opinion: 

The coneeption underl ying this style of scientific writing is thal scienlifie discov
ery is an induelive process. What induetion implies in its cruder form is roughly 
speaki ng this: seientific discovery. or the formulation of scientific theory, starts 
with the unvarnished and unembroidered evidence of the senses. 1t starts with 
simple observation- simple. unbiased. unprejudiced. naive. or ionocent observa
tion-and out of Ihis sensory evidence. embodied in the form of simple proposi. 
lions or dec1arations of fact. generalizations will grow up and take shape. almos! 
as if sorne process of crysta11ization or eondensalion were taking place. Out of a 
disorderly arr-dy of faels. an orderl y theory. an orderly general stateme nt. will 
somehow emerge. This eonception of scienlific diseovery in which the initiative 
comes from ¡he unembroidered evidence of the senses was mainly Ihe work of a 
grcat and wise. but in thi s context, I think, very mistaken man-John Stuart MilI. 

Before induction can be practiced, the population to which it is to 
be applied must be se lected. Since Ihe very nolion of induction 
implies that Ihe cases to be invesligaled are nOI all idenlical. thi s 
selection requires a criterion. that ¡s. Ihe prior abslraction of certain 
properties which musl be present in the individuals to be chosen. 
For example. all these individual s may have 10 have a high school 
diploma or high blood pressure. Also any sensible enquiry limils 
beforehand the sort of property to look foro The cancer specialist 
may nol spend lime on finding out with which JeHer of Ihe a lphabet 
Ihe names of his subjects slart bul he may conceivab ly be inlerested 
in where they were born. Thus indUClion presupposes abslraclion. 
Generalization presupposes generalily. 

G ('I1c:rality COff/('S first 

A superficial look at the origins of knowledge may seem 10 contra
dict this contention. Take the behavior of Pavlov's dogs in his 
experiments on cond itioning. When Pavlov started hi s work. he 
found to his displeasure that Ihe animals responded nol only 10 Ihe 
particu lar slimuli on which Ihe training was based but to any change 
whatsoever in the laboratory. The slightesl movemenl oflhe experi · 
mentc r - a blinking of Ihe eyelids or movement of Ihe eycs. posture. 
respiralion - provoked Ihe condilioned reaction. Nor was il suffi· 
cien! to banish Ihe expcrimenter from Ihe room. 

Footfalls of a passer·by. chance conve rsations in neighboring rooms. slamming 
of I I door or vibration from a passing van. sl reet·cries. even shadows casI through 
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the windows inlO the room, any of Ihese casual uncontrolled stimuli falling upon 
the receplors of the dog sel up a disturbance in Ihe cerebral hemispheres and 
"iljale the experiments. 

Does nOI this behavior suggesl Ihal the dogs were totally unable 
10 abstract. to pick the relevant features from the environment? 
Pavlov suggesled this much when he explained that Ihe cerebral 
cortex of the brain is "a signalizing apparatus of tremendous com
plexity and of most exquisile sensitivity. Ihrough which ¡he animal 
is influenced by countless stimuli from Ihe outside world. Every one 
of these stimuli produces a certain effecl upon (he animal, and all 
of Ihem taken together may clash and interfere with. or else re
inforce. one another." We gel Ihe piclure of a passive viclim. 
helplessly exposed lo whalever impinges upon it and reacting ::tuto
malically lO all of il. Pavlov saw only two ways of remedying Ihis 
situation. He could make abstraction unnecessary by eliminating 
all happenings in Ihe environmenl, except the particular melro
nome sound or eleclric shock for which the animal was 10 be 
trained. In fact. he found a "keen and public-spiriled Moscow bu si
nessman." willing 10 pay for ¡he construclion of a soundproof and 
lightproof labaratory, in which (he experimenls could be performed 
by remote control. 

Pavlov thoughl of another method. An animal coutd be prevenled 
by inhibilion from reacting lO the stimuli lO which it had responded 
inilially and aUlomatical ly. This could be done by leaving all re
actions lO Ihe undesirable stimuli unrewarded or by punishing the 
animal for these reaclion:-,. Thereby a gradual differenlialion could 
be obtained between events lO react to and olhers nOI 10 rcact lo. 
This was a useful principie. which pointed to an importanl psycho
logical mechanism. But the principie should nO! be taken lo prove 
¡hat every stimulus is rcacled 10 automalically until the reaction is 
stopped by sorne secondary influence. 

NOle. first of all, that in experimental condilioning Ihe initial 
response lO any change in Ihe environrncnt is found not only in 
animals bul also in human adults. Lashley has reporled Ihal wilh 
human subjects. conditioncd lO the sound of a bel!. he obtained 
"the condilioned reaction withOUI further tmining from Ihe sound of 
a buzzer. of breaking glass. of clapping hands. from a flash of lighl. 
from pressure or prick on arm or face. The only 'dimension' com
mon lO such stimuli is Ihal al l produce él sudden change in the en
vironment. Such leSIS show thallhe condilioned reaction is inilially 
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undifferentiated .. . .• If one looks around for instanees in which 
animals or humans seem 10 respond indiseriminately, one diseovers 
Ihat Ihis happens only when the various stimuli responded to are in 
faet equivalent for the reacting organism and its particular purpose. 
Think of a cat's. and indeed your own. immediate reaction lO every 
sudden change. This change may be inconsequential; but it may also 
be vitally important. Whether an event matters or not can be found 
out ooly by paying atteotion to it. The quid shifting of the glanee 
towards any spot al which a ehange oecurs serves as a sereening 
process for which all ehanges whatsoever are important and must be 
attended too In other words. what we have here is not the automatie 
and indiseriminate response by a creature helplessly at lhe merey of 
every individual stimulus. bUI on the contrary a highly appropriate 
reaction. whose great generalily is required by the large variety of 
stimuli relevant to the purpose. They are al1 pertinent because they 
are all ehanges. They are al! reacted to, not because the creature 
is ineapable of abstraetion but because the criterion for lhe ab
straclion appropriate to the situation is so generic and eomprehen
sive that every happeoing al all belongs in its purview. The broad 
reaction is oot a failure lo discriminale bul an asset. 

A response may be inappropriate objectively and yet sensible in 
terms of the situation as the persoo or animal experiences it. In a 
newborn infant, sucking may occur io response lo lighe sounds. or 
smells. Piagel cites a study by Rubinow and Frankl according to 
which any sol id object approaching the faee makes the iofant re
spond with sucking although one month later only pointed objects 
produce this result. These reactions take place in a world domioated 
by a few slroog oeeds and penetrated by external stimuli that may or 
may nOI be relevant to those needs but about which the infant knows 
nothing or liute. The pressure of any need tends to broaden the 
range of stimuli lO which the individual responds. bul the lack of 
knowledge about these events justifies the exlension. Here again the 
response is at the appropriate level of abstraclness, The situation 
of the dog in the Moscow laboratory is very similar. A slrapped
down. anxious. hungry animal. which is learning that sorne straoge 
and senseless signal is always the herald of food. will naturally and 
righlly pUl all the olher senseless events in the category of food
announcers until he comes to know beuer. 

We cannot teH what the newborn child or the experimental dog 
perceives: we have to rely on their observable responses. But adult 
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human beings can cite eountless examples to show that in an un
familiar realm of experience the common properties of its eonstitu
ents will predominate 10 such an eXlent as 10 make the differenees 
invisible. The members of a strange race of human beings look all 
alike until one learns to leH them aparto A farmer. a shepherd. a ZOO 
keeper pereeives each animal as a di stinet individual. To Ihe out
sider. sheep are sheep. and monkeys are monkeys. Soldiers in their 
uniforms or nun~ in their garb may secm 10 show no individualily. 
The waiter. the salesgirl. the barber may be differenlialed by the 
cu~lomer only lO the level of Iheir profession, bUI within thal pro
fess ion there is no observed differemia. The extent of differenlia
lion will depend on how inleresled Ihe particular person or cultural 
group is in Ihe refinement of the initial abstraetion. To the casual 
museum-goer all Italian art of the Quattrocento or all Egyplian 
sculptllre ma y look alike. The nat uralist Edwin Way Teale tells of 
hi s wife's trollble wilh automobile models: 

1I w,,~ in Ihi ~ ~ection of the trip Iha! Ne!lie began concenlnlting on the ·fieldmarks' 
of automobiles. It was a m)'l>Iery 10 me. 1 had poinlcd out, how ¡¡nyone able 10 
note :.Iighl plumage diffcrenees in sparrows and warblers and ~horc bi rds had 
difficully Iclling a Ford from:l Rambler Of a Chrysler from a Buiek. Her explana
lion. nOI wi¡hou! logic. had becn: Thc trouble is. aUlomobi les kecp changing 
¡heir plumages.· 

Change or not, Ihe nverage ten-year-old boyo intere~ted in cars. has 
no such trouble. The v¡uying degree of perceptual differentiation is 
renected 10 ~ome extent in the principIes of c1assificalion found in 
languages. The anthropologist Franz Boas has shown that any lan
guagc. from the poinl of view of anOlher. may seem arbitrary in ils 
c1assifieations. "What appears as a single "iimple idea in one language 
may be charncterized by a series of di slinct phonetic groups in 
another: ' 

The first menlal operations in new sitllations are nol .tCIS ofgener
:.tlization. for generalization musl always be preceded by the distinc
lion of individually perceived cases. Inslead. high generality is 
a qllali¡ y ofperception from Ihe very slart. 1I is a generality brought 
aboul by primary abstrac:tion. in Ihe sense thal the differenc:es whieh 
il hides are well aboye Ihe threshold of Ihe sense of sight. Details 
ac:cessible 10 Ihe eyes are nol ye! differentiated by the mind. 

Let me return for a moment to the eurly. undifferentiated stale 
of infant experience. William James' brash remark about the baby 
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viewing the sensory world as "one greal blooming, buzzing con
fusion" has been quoted to death by those who delight in believing 
Ihat the senses provide an amorphous chaos, which has to be waited 
upon by the order-producing "higher" faculties of the mind. BUI 
confusion is not a normal reactíon of the organism at any level of 
development. Confusion results from special conditions, such as 
pathology, fatigue, passivity, or an onrush of excessive stimuli 
attacking a receptive sensorium. lt occurs when Ihe input is too 
strong or the processing power too weak. James himself desc ribes 
confusion as the lapse into the indiscriminating state, the opposite of 
focused attention, "a sort of solernn sense of surrender to the empty 
passing of time." Actually, James' remark about the baby occurs 
in a discussion of discrimination and companson, in which he makes 
the important point that any number of impressions , from any 
number of sensory sources, falling simultaneously on a mind which 
has not yet experienced them separately, will fuse, for that mind, 
into a single undivided objecl: "The law is that all things fuse that 
can fuse, and nothing separates except what must." 

Now fusion is nol confusion. The texture of a homogeneous 
field is a state of low-Ievel order, well suited to serve as a back
ground for prominent stimuli. Most Iikely this, and not confusion, 
is the primary experience provided by the undeveloped senses of 
the baby. The meticulous observer of children, Arnold Gesell, 
objecting to James' famous aper~u, suggesls that " much more prob
ably Ihe young baby senses the visible world at first in fugitive and 
Ructuating blotches against a neutral background." Gesell could no 
more look into the infant's mind than could James, but observations 
of external behavior bear him out. 

The eyes of a newbom baby are apl lo rove around bolh in the presence and ab
sence or a sli mulus. After several days or even hours, Ihe baby is ab1e lO immo
bilize Ihe eyeballs for brier periods. Later. he slares al surroundings ror long 
períods. When he is rour weeks old we may dangle a ring , , , in ¡he line orhis near 
vision: he regards il. We move Ihe ríng slowly aeross his field or vision: he "fo1-
10ws" il wilh his eyes through an are of about 90". 

The organized response of fixation can be assumed 10 correspond to 
an equally orderly organization of the perceived field of vision, a 
simple distinction of a neutral ground and prominent "figure." 
It is a highly abstraet primary experience. The field is reduced to 
"noise." i.e., the undifferentiated foil from which the positive mes-
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sage is set off. The message. a light. a sound. a moving shape. i5 
Iikely to be al 50 quite generic. It is a posilive "something" in an as 
yet ungraspable wortd. 

A person who wishes to insist that perception is only the record
ing of individual items can argue that elementary generalilies are nOI 
due to abslraction al all bul rather 10 imprecise observation. He 
can point out that ir observers catch nothing bOl a few crude overall 
qualities of any one thing. they will fail to notice the differences 
dislinguishing similar Ihings from one another. Evidently. for 
example. Ihe blur of nearsighted vision is nol a product of abstrac
tion. No choice is involved. The badly focused eye merely calches 
all il can grasp. This seems lo be the model for what Jean Piaget 
has in mind when he adopts the lerm "syncretistic perception." The 
following quolation tell s the story: 

Children therefore not only perceive by means of general schemas. bul these 
actually supplant the perceplion of detail. Thus they correspond 10 a sort of con
fu~ed perception. differenl from and prior 10 Ihal which in us is the perception of 
eomplexity or ofform. To this childish form ofperceplion M. Claparede has given 
Ihe name of syf/Crt'fislic pt'fl:eptions. using Ihe name chosen by Renan lO denote 
that first "wide and comprehensive but obscure and inaccurate" activity of Ihe 
spirit where "no distinction is made and Ihings are heaped one upon Ihe olher" 
(Renan). Syncretistic perception therefore exeludes analysis. bUI differs from our 
geneml schemas in that il is richer and more confused than Ihey are. 

To be sure. obscure and inaccurate percepts do exist. They can 
come aboul when one looks al something under unfavorable con
ditions. for example. when one is inallenlive or hasty or slow lO 
catch on. or when the slimulus pallern is disorganized or excessively 
complex. In general. however. even when the stimulus is blurred. 
the mind tends to articulate it into sorne simple. regular and precise 
shape. And Ihere is certainly no reason to assume a condition of 
blurred stimulation when the observer's eyes are physiotogically 
capable of correct focusing and when his mind is reasonably atert 
and altentive. Perceptuat abslraction cannol be dismissed as an 
inabilily. JI is a positive accomplishment. typically of great precision 
because of the relalive simplicity of the form pattems drawn from 
Ihe stimulus material. 

Medieval philosophers knew Ihat the perception of particular 
specimens is. in Ihe slrictest sense. impossible. Mew; Itostra .\·il/gll
lare directe cognO.fCf!re I/QII potest, asserts Thomas Aquinas. ¡.e .. 
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our mind cannot cognize singularly and directly. AlI form is uni· 
versal. Only by acknowledging abstraction in perception is it pos· 
sible lo overcome the theoretical dilemma which René Bouissou 
describes eloquently: "Nous sommes eontraints de ehoisir entre 
J'abstrait vide et le síngulier impensable." (We are being foreed to 
ehoose between empty abstraetion and partieulars inaeeessible 
to thought.) More explicitly, Bouíssou says: 

In faet. if it is true that a concepl is brought about b)' empt)'ing a slale of con· 
seiousness of an)' elernent of, or relation 10, Ihe concrete. Ihe bridges belween 
lhe perceivable and the intelligible are definilivel)' destro)'ed and Ihe unil)' and 
conlinuil)' of knowledge become ilIusor)'. 

Sampling versus abslraction 

Samuel Johnson defined the outcome of an abstraction as "a smaller 
quantily containing the virtue or power of a greater." The definitíon 
seems to hint al a richer, more adequate view of abstraetion than the 
one offered us by traditionallogicians. without. however. eontradict
ing the latter explieitly. 

If abstraetion takes a smaller quantity from a larger one. what 
is the nature of that quantity? Perhaps. since an abstraet eoncept 
often eovers a number of instanees. one speeimen of that population 
could serve as a coneept to represent the whole. George Berkeley 
suggested Ihat a particular triangle can be used to stand for all 
possible triangles; aod so it can. However, a triangle is just a speci
men of its population, and although an abstractíon can be performed 
upon il , oot every speeimen is suited to serve by itself as an abstrae
tion of its populalion or entity. A specimen is first of all a mere 
sample. A sample offabrie is not an abstraction ofil. Nor is a sample 
petformance an abstraetion of a person's eapacities. If all men were 
strietly equal, no man eould serve as an abstraetion of mankind. 
He would be only a sample. However, gjven lhe wide variety of 
human beings, mankind ean be abstracted through the presenta
tion of particular persons, who embody the nature of many or all 
people in important respects. Although they are individuals of flesh 
and blood. such persons can serve, like the players in Hamlet, as 
the abstraets and brief chronicles of lhe time. Similarly, Ihe members 
of the Congress of the Uniled States are nol meant to be a sample 
ofthe American people but an abstraction of il. They are considered, 
and must eonsider themselves. as possessing the eapaeities which 
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enable the American people to make their own laws ; and those 
capacilies alone are referred to when Ihe members of the Congress 
act as representatives-as an abslraction of the people. 

Abstraclion, Ihen, is nol simply a sample of a populalion. It 
is nol JUS! a sample of Iraits eilher. For example, an atlribute, or 
group of attribules. may distinguish a kind of object from others and 
yet not be a suitable abstraction of Ihe objecl. If Ihe color5 blue 
and yellow distinguish {he airplanes of one company from Ihose of 
any other, (he two colors serve as a sign or signal for that airline but 
do not neccssarily depict its character or nature in any sense. 
Similarl)'. a mere sign or cue is nOI an abstraclion. A few hairs. 
picked up by a detective. are nOl an abstraction of Ihe criminal. 
However. Joseph's stained coat of many colors is more than circum
stantial evidence and proof of disaster. For the reader of lhe Bible 
as well as for Joseph's father and brothers. the precious coat, (he 
gift of Ihe father. slands for Jacob's partiality. and the blood stains 
depicI the assault upon the favorite. The choice of the telltale sign 
is nol accidental. II is a powerful visual abstraction of the family 
drama. 

A 1051 wrist walch is not an abslraction of its owner. who left 
il behind. But the display of old-fashioned, mangled clocks and 
watches in the small museum al Nagasaki, on (he hill over which the 
atomic bomb exploded. serves as an abstraclion lha! arresls the 
heartbeat of the visitor. AII (he clocks stopped at 11 :02. and this 
sudden concerted end of time. Ihe death of innocenl daily aClion, 
conveys an immediacy of experience, which is almosl more powerful 
than Ihat of the photographed horrors shown in the same museum. 
An essential aspect of Ihe evem evokes the evcnt ilself. 

II would be pleasantly si mple to understand the nature of abstrac
tion if il in volved only Ihe removal of one or several elements from 
so rn e entity. This approach. however, runs into al leasl three dif
ficulties. Firsl. st rictl y speaking the same elemen! cannot be found 
in more than one specimen. Second. an arbitrary se lection of Iraits 
does not lead 10 a meaningful abstraction. Third. even when such 
a se lection picks essenlial traits, a mere adding-up of Iraits does not 
create an integrated concepl. 1 will briefty illuslrale Ihese points. 

One can conceivably eXlirpate elements from one particular 
specimen - the outlines of a face. the color of the eyes. the shape 
of Ihe nose. 10 produce a rudimentary portrail. Such a procedure. 
although difficult. would be quite mechanical. But a whole family 
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of specimens, let us say, twenty faces. will hardly contain exactly 
the same color or shape. unless they are machine-made. Therefore. 
in order to pick an element common to themall onemustpossess.in 
most cases. the more sophisticated abilily lO discover sufficiently 
similar shapes of a particular qualily. This task. although not 
mechanical. is quite easy. The uniqueness of every particular. actual 
specimen presents (he mechanistic theory of abstraclion wi.th a 
puzzle. which one of the early nominalist philosophers. Boethius. 
has pul in the following way. He leaches thal nOlhing shared by a 
multiplicity of things can be an entity in itself bec3use every Ihing 
exists only by virtue of being one thing. When one Ihing is shared b)1 
many proprielors. each of them owns only a pieee of il: or Ihey use 
il in succession. as happens. for example. wilh a well or a horse. 
Olherwise. (hey share it without really possessing iI. as. for example. 
when a number of speet<lIors share a performance. It is useful to 
look al the malter ~o palpably because we see at once Ihal in order 
to extrael a common element one must clean il of the individual 
differences adherenl lo il in lhe various specimens. and of the dif
ferent connolalions il assumes under Ihe influence of different 
contexts. The yellow of Van Gogh is nOI for all purposes Ihe yellow 
of Vermeer. 

The second difficulty I mentioned is (hilt an arbitrary selection 
of common traits is nOl often useful. A sorting machine can be 
instructed to gather the common properties of any assortmcnl 01' 
items. It eould tell us thal the number of a dog's teeth equab. the 
number of counties in a certain slale of Ihe counlry. While Ihis 
finding would qualify as an abstraction logically. il would nol nece~ 

sarily serve the purposes of productive thinking. 
Third. a mere enumcration of traib.. relev:mt though ¡hey may be. 

does nOI create an integrated eoncer!. Forexample. when a psychol
ogisl wishes lO describe an individual"~ ··personality" he may resort 
to the traditional leehnique of establishing a rcr..,onalily profile by 
assessing Ihe standing of the individual with regard lo a numher of 
tmits. of which one such te~t uses the following lisl: inlelligence. 
verbal fiuency. dominance. self-insigh!. tolerance. emotional 
expressiveness. conventionality_ social extroversion. The degree lO 
which the person possessc!-. each 01' Ihese Irail:; might or might not 
constitute a relevanl abSlraction of Ihe person him!-.elf. but the sum 
of atl scores cerlainly Joes nol. The psychologist creale!-.. the sem· 
blance of a profile by connecting Ihe eight poinls oflhe diagmm. but 
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this profile consists only of Iines on papero In order to obtain a por
trait of the person's mind he would have lO combine the eight data 
in an organized whole. Another example may make this point 
more explicitly. Sorne years ago an essayist. John A. Kouwenhoven, 
wrote a book on "what is American about America" by asking him
self what sud symptoms as the following had in common: the Man
hattan skyline, the gridiron town plan. the skyscraper. the model-T 
Ford, jau. the Constitution. Mark Twain's writing. Whitman's 
Le{lves of Gnu's, comic strips, soap operas, assembly-line pro
duction. chewing gum. In this personality profile of our country, 
each symptom may be a legitimate abstraction ("the land of Mark 
Twain," "the land of skyscrapers"), but together they are ajumble 
of information until they are welded into unity. In the present case, 
this was accomplished by a further abstraction. which brought forth 
a trait cemmon to all twelve symptoms, namely "a concern with 
process rather than product. ' · If this diagnosis is val id. the abstrac
tion has yielded an enlightening concept by revealing something 
essential of the thing abstracted. 



10. What Abstradion 1s 

The art of drawing essentials from a given kind of entity can apply 
only to organized wholes , in which sorne features hold key positions 
whiJe others are secondary or accidental. Little knowledge would 
be obtained about such organized whoJes ir abstraetion consisled 
in the extraetion of random traits. Gestalt psychologists have 
pointed out that traditional ¡ogic fails in this respect because what 
it offers are, in the words of Max Wertheimer, "concepls which, 
when strictly regarded, are sums of attributes; classes which. when 
strictly regarded in the Iight of what traditional ¡ogic concretely 
achieved are bags containing those concepts ; syllogisms consisting 
of any two propositions thrown together al raodom so long as they 
coobin that property ... " 

It is comforting to ootice, however, that in practice the oper· 
atioos of logic are 001 generally applied in a mechanical fashion. 
The traditional procedure of defining a coocept by genus and differ
entia may serve as an example. A genus is the sel of attributes that 
distinguishes a particular kind of thing from its neighbors ; and the 
differentia is the attribute that distinguishes a particular species 
of the genus from the others. In principie, any trait or group of 
traits establishing such distinctions would suit the purpose of defini
tion, regardless of whether these traits pointed to essentials or 
001. Actually, however. the human mind endeavors to define things 
by what is important about them. If, for example. man is defined as 
a reasoning animal or, according to Hans Jonas, as the image-making 
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creature. Ihe dislinguishing chamclerislics are clearly intended lo 
describe Ihe center of human nature. To define a man as a feather
less biped may separale him equally well or belter from other 
animals. but this description impresses us as a leldown or a joke. 
jusI because it ignores what matters most. Spinoza has sajd that "if 
a defini¡ion is 10 be called perfecl. il mus! express ¡he innermosl 
essence of a thing and must prevent us from taking particular prop
lies for the Ihing itselC' 

One can express Ihis al so by saying that in order 10 produce a 
sensible abstraction. a concept should be generative. It should be 
possible lO develop from ¡he concepl a more complete ¡mage ¡han 
that offered by ¡he concept itself. S. E. Asch has shown in his experi
ments Ihat when subjects are given a shorl lisl of well-chosen lraits 
they are able 10 derive from it a more complele description of the 
individual. He also found Ihal cerlain adjectives. slIch as "warm" 
and "cold:· refer lO key attributes. which will in~uence (he other 
Ir.tits of the individual whereas. for example. "polite" or "blun!" 
have little determining power. If somebody is described as a cold 
persono a rather complete image of a kind of behavior can derive 
from this one .altribule. ando within limits. we can tetl how this sort 
of individual would acl under parlicular circumstances. This gener
alive power of abstractions brings lO mind Aristotle's notion of 
enlelechy. Ihe principIe by which universals generate particulars. 

Types (llJd containas 

The dislinction between generative or central attributes and acci
dental or peripheral ones helps 10 clarify the nature of productive 
abstraclion. Bul il is necessary 10 go further. beyond lhe lradilional 
approach. and 10 remember thal we are nol concerned with ¡he 
extr.tction of particular traits bUI with lhe description of structural 
properties. The coldness of a person is not a self-contained property 
like the coldness of a stove or the moon. lt is an overall quality. 
affeeting many aspeets of Ihe person's behavior. In order lo focus 
on Ihis charaeteristie of abstraetian we may distinguish belween 
container concepts and types. 

A container concept is Ihe set of attributes by which a kind of 
entity ean be identified. A Iype is the structural essence of such a 
kind of entity. The abslractions characteristic of produclive thinking 
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are types rather than containers-in science as well as in arto The 
psychiatrist Emst Kretschmer's investigation of body types may 
serve as ao illustration. 1 am not concemed here with the validity 
of these types, which Kretschmer related to corresponding mental 
dispositions , but with the cognitive status of typoJogy and wilh 
Kretschmer's procedure. 

In order to fend off the possible suggestion that his types are 
arbitrarily conceived and imposed upon the bodies of hi s patients , 
Kretschmer claims to use a method analogous to thal of Francis 
Galton's composite photographs, "We proceed 'as though we printed 
the pictures of a hundred persons of the same type simultaneously 
on the same piece of papero whereby similar features would rein
force each other while the nonfitting ones would blur each other." 
Actually , Galton's photos have shown that the results of such super
position are singularly unenlightening because the variations from 
specimen to specimen blur nOl only the atypical traits bul the typical 
ones as well. This is so because most specimens do nol literally 
embody Ihe type, and their various approximations to Ihe type 
cancel each other out rather than eliminating the accidental devia
lions. 

In fact, Kretschmer asserts almost in the same brealh Ihal his 
description of types is not based on what is seen in the largest 
number of cases but is iJlustrated by (he "most beautiful" specimens. 
These represent most cJearly the common features, of which the 
bulk of the cases affords only a blurred view. The "cJassical cases" 
are "happy finds ," not often mel in the run of the milI. 

For accuracy's sake, Kretschmer insists on photographs and 
measuremenls , but he considers them as supplementary data , which 
cannOI replace direct visual impression. The reasons are obvious: 
measurements are limited to single lengths o;' shapes and their 
numerical relalions and therefore miss Ihe interplay of features 
within the whole pattero; photographs prejudge observation by 
singling out accidentals as readily as essentials. ',he tape measure 
sees nothing," says Kretsehmer. "Everything depends on the per
feetly artistic , sure training of our eyes," and he recommends that 
immediately after the examination of each patient the observer re
cord his fresh impression by summarizing the essential features in 
writing. 

The struggle to reconeile two divergent demands , which is 
apparent here, comes about because contemplative thought-in the 
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scientist, the artist, or anybody else-aims at the nature or principie 
of things, al the forces underlying their appearance and behavior. 
In practicaJ aClion, on the other hand, one is primarily concerned 
with the handling of panicular specimens. The c1assification of 
such specimens poses no problem of principie if it is based on con
tainer concepts. Any specimen possessing. in reasonable approxi
mation, the attributes constituting the concept qualifies for member
ship. The criteria must be readily isolated. For example, we can 
decide with precision that somebody is or is nOI a citizen of our 
country. If membership cannot be based on lile presence or absence 
of a given lrait or set of traits, one can lisl the kinds of objecl that 
come under the heading of the container concepl in question. For 
example, one can define antiques as copper leakettles, cut glass, 
Hitchcock chairs, candelabra, etc. In olher cases, one can use a 
scale lO define an antique as an objecl made before a certain date. 

Krelschmer, as a scienlisl, was nOI primarily concemed with 
the sorting of individuals. He was interested in an abstraet bodily 
eonfiguralion. quite precisely defined in itself by a sel of slruetural 
fealures but realized in aetual persons only more or less impurely; 
and he sought to relate thi s physical lype to an equally abstracI 
type of human personality. However, for the practical purposes of 
testing his hypothesis quantitatively and for applying his theory 10 

diagnosis , he had 10 classify hi s patients as to whether or nol they 
belonged lo one type or another. There is no ideal way of combining 
the two standards. A type is nol a sel of traits , either presenl or 
absent in any particular individual. In practice, gradients lead from 
relatively pure embodimenls 10 weaker and weaker manifestations, 
or to what in motion picture language is called lap-dissolves between 
one type and another. To draw a borderline across a gradient is 
always arbitrary, and to pUl up with container concepts got in this 
fashion is an unhappy prospect Cor anybody whose work dedicates 
him 10 the idenlification and c1arification oC types. 

And yet, one of the most stubbom and awkward ways in which 
the practical mind inteñeres with the seeking oC the truth consisls 
precisely in replacing types with container concepts based on the 
staking out of territory. In art hislory, for example, one can gain 
genuine understandins by definins styles. such as Expressionism 
or Cubismo as pure types of attitude and manifeslation and by show
ínS how in a given artist such insredients combine in a particular 
blend. In Ihat way, one begins lo understand the history oC art as a 
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fluctuating interplay of underlying types of approach, by which a 
particular pattern comes to the fore at so me time or place or in 
some person, only to dissolve into another. But to try to stake out 
histoncal territory by determining when the Renaissance began 
or ended or whether Cézanne belongs among the lmpressionists 
or the Cubists is an absurd and hopeless undertaking. It is notjusti
fied by any practical necessity for compromise between types and 
container concepts. In the history of art, just as in other areas of 
science, one can find the occasional Glücksfall, that is, an approxi
mation of the pure type in the flesh, but owing to the one-sidedness 
of generic types, such purity is found in the arts more ofien among 
the limited talents than among the richly endowed. The most typical 
Cubist was not the greatest. 

By the standards of container concepts, types may be misinter
preted as being less firm, more flexible. For example, August 
Seiffert, in his book on the subject, expresses himself ambiguously. 
He warns, on the one hand, against the misunderstanding that the 
nature of the type exhausts itself in the mere approximation to 
a more sharply outlined formo On the other hand, he calls types 
flexible, adaptable, elastic, diffusely delimited. as against the rigid 
definitions applied elsewhere. However, types aspire as much to pre
cision as do traditional container concepts. Kretschmer's descrip
lions of the asthenic, athletic, and pyknic body types are as precisely 
drawn as, say, those of Don Quixote or Sir John Falstaff. but the 
admission to sueh a type is nol based on the either-or policy charac
tenstie of container eoncepts. Rather. seales of gradual difference 
lead from the purest embodiments of a type to the weakest. It is 
quite misleading to mainlain, as Seiffert does , that "basically nothing 
is less weJcome to a science of types than the discovery of inter
mediary forms" beeause they "disturb the conception." Empirical 
material may reveal that a type coneept needs correetion, but inter
mediary forms as such have no bearing on the eoncept. only on its 
application. The assignment of a given specimen to one of two neigh
boring types may be quite debatable ("Is he an introvert?") when it 
is located between the two. but this sort of diffieulty does not affect 
the types in themselves. It does embarrass concepts that aim at 
rigidity of application because it reveals how arbitrarily their walls 
are placed. 

Container concepts also can be defined in 5uch a way as to aecom
modate ranges of application. but this does not change their basic 
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character. Thís seems to me to have been overlooked in the investi· 
gatíon of Hempel and Oppenheim. who suggesl thal types are ob· 
tained when rigíd "either-or" auribulion is replaced wíth gradation. 
The psychological con ce pi of intelligence, for example.does become 
more usable if instead of dividing mankind into two kinds ofpersons. 
the intelligent and Ihe uninlelligent. one introduces a scale that 
assigns degrees of intelligence. Such a procedure.however .concerns 
only the application of the concept, no! the nature of the concept 
itself. In no way does it replace the container concept of intelligence 
as the set of persons capable of tackling certain tesl questions wilh 
Ihe Iype concepl of intclligence as a structural pattern of mental be
havior. 

Stl/tic l/mi dYI/l/lllic CllIlcepts 

Concepls tend lo erystallize into simple, well-shaped forms. They 
are lempled by Platoníc rigidity. Thís creates trouble when the range 
Ihey are intended lo eover ¡neludes relevanl qualitative dífferences. 
The concepl of movemcnt. for example. may negleet differences of 
speed. However. for eertain purposes slow motion is different in 
nature from fasl mOl ion. Perceptually and aesthetically,lhe leísurely, 
heavy. smooth quality of slow motion differs from Ihe raey power 
of high speed. Such qualitalive differenees are hidden when the con· 
eepl of movement refers simply to locomotion as such. the way a 
human figure or animal in a child's drawing simply "moves," with· 
out reference 10 the quality of a particular speed. 

The same problem can arise when the various phases of a move· 
ment differ qualita!ively. For certain purposes il is importanl to 
distinguish belween Ihe high degree of tension eharacterizing the 
maximum dcvialion of a pendulum from the plumb line. and other 
phases of Ihe same movement. Near ils eXlreme positions. the pen
dulum hesítales. stops for a moment. and ínverls ils direelion: and 
it passes smoolhly through Ihe venieal symmetry axis. whieh stand s 
for zero tcnsíon. If the concept of pendulum movement is limited 10 
thal of mere back-and-forlh swing. it hides these differcnees. I will 
call sueh a coneept stalie. 

There is a faseinating inlerplay in lhe human mind belwecn the 
desire. and indeed lhe need. 10 comprehend the total range of a 
phenomenon and the altraetive simplieity of static concepts. whieh 
pick out some one characterislíc Slate of an objecl or movement 
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and lel il sland for the whole. Al early cognilive levels. Ihe mind 
is nol yel able to handle much complexily and Iherefore uses simple 
shapes and uniform movement in its concepts. Such static concepts 
facilitale a firsl approach lo the phenomenon by congealing its 
slructure. bUI they will also oversimplify. freeze. and isolale the 
phenornenon. and this is nOI conducive lO more comprehensive 
knowledge. 

This inadequacy of static concepts has beeo noticed with di s
comfort in Ihe pas!. Locke surprises us with his observalion on 
Qur motives for collecting instances under a genus. which we do 

nol out of necessity . bUI only 10 save the labor of enumerating Ihe sev~ral simple 
ideas which the neXI general word orgenus stands for; or, perhaps, somelimes Ihe 
shame of not being able 10 do it. BUI ... Ihough defining by the genus be Ihe 
shortesl way, yel it may be doubted whether il be the bes!. This I am sure. il 
is not the only. and so nOI absolulely necessary. For. definilion being nOlhing 
bUI making another understand by words what idea the term defined stands foro 
a definition is beSl made by enumerating those simple ideas Ihal are combined 
in the signification of the lerm defined .... 

In a different context, Francis Galton. writing on "normal varia
bi!ity." exclaims: 

It is difficult 10 understand why slalislicians cornmonly limit their inquiries 
lo Averages. and do nol revel in more comprehensi\'e views. Their souls seem 
as dull lo Ihe charm of variely as thal of Ihe nalive of one of our flat English 
counties. whose relrospecl of Switzerland was that. if its mounlains could be 
thrown into its lakes, IwO nuisances would be got rid of al once. 

This observalion should give pause lo those who use the same 
Galton's method of composite photographs as a model for coocept 
formation by the superposilion of particulars. 

Earlier, 1 mentioned Berkeley's suggestion Ihat a generic propo
sition could be represenled by a particular specimen. He argued 
that ir we gather from a particular instance an observation that em
ploys sorne of its attributes while leaving others unused we can be 
sure that the observation will hold lrue for all individual cases 
which possess those critica! attributes. regardless of whether or 
not they also have Ihe rest of Ihem. For instance. ir the sum of the 
angles in one particular triangle is found 10 be equal to two right 
ones. the discovery can be confidently taken 10 apply to all other 
Iriangles because our proof need nol make any reference to the size 
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of the angles. What we have here is an expedient already anticipated 
in Aristotle's treatise on memory and reminiscence. In geometrical 
demonstrations. says Aristotle, "though we do nol for the purpose of 
the proof make any use of lhe faet ¡ha! (he quantity in the triangle 
(for example, which we have drawn) is determinate. we nevertheless 
draw it determinate in quantity." Similarly, ir the intelIect deals 
with something that is nol quantitative "one envisages it as quanti
tative. though one Ihinks it in abstraetíon from quantity." 
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We may replace this container concept of lhe triangle by a 
structuraltype and yet be dissatisfied wi{h its static character. Some
thing beBer is nceded for the sake oftrue understanding. If I demon
strate Euclid's thirty-second proposition by drawing a parallel 
to one of ¡he edges of a triangle (Figure 51a) and by showing that {he 
equivalent of {he three angles adds up to half a circle. lean point 
out, with Berkeley. that ¡he size of Ihe angles need not be referred lo, 
and I lhereby prove Ihal the proposition holds for any triangle. 
To prove the correctness of a proposition is valuable practically; 
but what counts for thinking is (hat the range of the proposition 
be made evidenl. The figure I used shows, in fact. that the Ihree 
angles add up lo 1800 in Ihis case. Bul in order to truly undersland 
that this is so in all triangles and for what reason. I must go beyond 
the particular figure to a full range of triangles. If I think of two of 
the edges as hands ofindefinite length,hinged in such a way thal they 
can sweep indepcndently across the entire half circle (Figure 5th) 
1 see Ihat, whatever their positions, they will form three sectors 
adding up to lhe same semicircular whole. When one angle grows, 
its neighbor declines automatically by the same amount. In this way, 
the size of the angles is nOI ignored-as Berkeley bids us lO do, 
at the price of losing our visual grip on the situation - but perceived 
in the sweep of its lotal range. A stalic cancept has been replaced 
with a dynamic ane. GeneralilY intended is now represented by 
generality perceived. 
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Another example is given by Jean Victor Poncelet in his treatise 
on the projective propenies of figures. Someone preves that two 
triangles are geometrically similar when each of the three pairs of 
corresponding sides meet at a right angle (Figure 52a). This proof 
can be generalized to indicate that the angles at the crossings need 
not be 90°; they can be of any size. As long as they are equal the 
proposition will hold. We can envisage this, says Poncelet, by 
making one of the triangles rolate. The angle at all three crossings 
will change at the same rateo In fact, we realize now that if we turn 
(he proposition around and start with two similar triangles in paraJlel 
orientation (Figure 52b) we shall easily visualize lhe three pairs of 
edges continuing to cross each other al equal angles as the triangles 
change their orientation towards each other. 
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The usual iIIustralions in lextbooks and on the blackboard help 
to make a problem visible, but they al so freeze it al one phase of 
the range 10 which the proposilion refers. ThereFore, they templ 
Ihe sludenl lO mistake accidental circumstances for essential ones. 
The solUlion is not to leave out illustmlions bu! either 10 produce 
mobile models, for instance, by means of film animalion, or, at least, 
to use immobile iIIustrations in such a way thal Ihe student realizes 
which of their dimensions are variables. 

For the purposes of definition or classification il may be sufficient 
to reduce a concept to the minimum of traits needed to determine 
10 what genus it belongs and by what property il can be distinguished 
from its fellow members in the group. BUI when il comes lo using 
concepts for productive thinking. the fullest range of their conten! 
should be presenled. In educalion, Ihis lalter approach de serves 
precedence since students need training in productive Ihinking more 
urgenlly Ihan the abilily 10 perform logical operations. 

e o"cepls as high.'ifJOlS 

A coocept. slatic.\lIy defined. represents whal a number of separate 
entilies have in ccmmon. Quite orten. however. a concep! is instead 
a kind of highspot within a sweep of continuous lransformations. 
In Ihe Japanese k<lbuki thealre. an actor's play suddenly petrifles 
inlo an immobile. monumental pose. the lIli~('. which marks the 
climax of an imporlant scene and epilomizes its characler. Less 
obviously. dance and musical sequences quite in general are 
orten organized around such simply shaped highspots. which SUffi

marize the stale of the aCljon al certain moments and serve as 
markers to orienl Ihe be holder or listener on his way through the 
performed work. 

In painting or sculpture. the arlist often endeavors 10 abslracl 
a movement or aClion in a limeless image. Such a static image 
crystallizes the nature of a more complex event in one arresting 
pattero: bul it <lIso suppresses the aclion and reduces the va riel y of 
phases and appearances lo a single representative 01' Ihem all. 
I showed earlier how in perception the perspective projections of 
an object appear as deformalions of Ihe ·'object as such:' To see 
this epitome nOI as isolaled from its particular manifestations but 
in Iheir company as Iheir cenler. produces a dynamic concepe 
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One ean express this view of abstraetion in the language of gestalt 
psychology by saying that many phenomena of experience are 
variations organized around Prdgllll1l1.sl/Ifen. phases of elear-cut 
structure. Wertheimer has pointed out that an angle of 93 0 is not 
seen as an entity in its own right but as a "bad" right angle. When 
the open st rings of a violin are out of tune , they produce an impure 
or incorreet fifth. which is perceived as "sharp" or "flat" bul not 
as "a different interval." The clear-cut phases of the sequence serve 
spontaneously as bases of reference, from which the in-between 
values deviate or toward which they lead, like (he "Ieading tones" in 
the diatonic scale. Edwin Rausch. in a systematic di scuss ion of lhe 
phenomenon, analyzes the qualitative changes occurring when an 
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angle grows from 00 to 1800 (Figure 53). First. the straight line splits 
up into an "arrowhead." whose narrowness is separated from more 
typieal obliqueness by one of the four "Iow" indifferent , character
le ss. or ambiguous zones. Another such zone lies between typical 
obliqueness and the halo around the right angle. A similar organi
zation is found in the second quadrant. whieh is dominated by the 
area of the clearly obtuse angle. Clase to 1800 we no longer see 
"a real angle" bul rather a bent straighl line. Needless lo say, (he 
abruPI divis ion between the zones in Rausch's drawing correspond 
to gradual transitions. and the values within each area are not con
stant but vary along gradients. 

At times. the variations deviate so much from the Priigl/{lIl1.stufen 
that they are no longer readi ly acknowledged as dependents of Ihat 
particular concept. Perceptually. a rectangle is not simply the set 
of all four-cornered figures with right angles bUl refers to ¡he typical 
structure of thal shape, Therefore , a person who knows very well 
what a reetangle ¡s. may be surprised to discover that an object 
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one yard long and half an inch wide has the right to be call ed a 
rectangle. Visually it belongs among the sticks. For cert ain pur
poses. perceptual. artislic. or sc ient ific. it is necessary lo be able lo 
slrelch concepts beyond what the primary evidence suggests. In an 
earlier chapter I referred lo the norm image of the human figure and 
to difficul lies of identificati on occurring in visual perceplion and art. 

Dynamic concepls do not require an act ual physieal conti nuily 
of lhe phenomena for which (hey stand. The human mind is capable 
of organizing such a continuum from separale . widespread ent il ies if 
Ihey resemble each other sufficientl y. The Museum of Natural 
Hislo ry in Was hington has a di splay of stuffed dogs. wolves. foxes. 
ele., which uniles (he various adumbrations of Ihe concepl cal/il/t! 
in a coherenl image. Another illust ralion may be taken from Scho
penhauer: 

For ell.ample. lO grasp completely Ihe Ideas ell.pressing themselves in water. it 
is not sufficienl to see it in the quiel pond or in the evenl y-flowing Slream. but 
those Ideas completely unfold themselves o nly when Ihe water appears under all 
circumslances and obstacles. The effect of these on it causes it 10 manífe~ t com
plelel yall íl s properties. We therefore find il beautífu l when it ru shes down. roan>. 
and foams. or lellps into Ihe air, or falls in a eatamet of spray. or finally. when 
artifieiall y foreed, il springs up as a founlaín. Thus ell.hibiting itself dilferentl y in 
different ci rcumstanees, il always asserts its character faithfully; it is just as 
natural for il 10 spurt upwards as lo líe in glassy slillness: il is a!> read)' for Ihe 
one as for Ihe olher, as saon as ¡he circumstances appear. 

Similarly, in !he art s a group of figures or objects often represent s 
various as peels of one and the same Iheme. Auguste Rodin's Burgh
t!rs of Calais are six variations of Ihe response 10 Ihe arduous dUl y 
of surrender. 

In sorne instances, the variations of a conceptual theme are or· 
ganized around a single highspol. dominant enough 10 uni(e sec
ondary concepts under Ihe common abst raction. In olher cases, 
however, there are seveml such highspols of similar strenglh. They 
can be so different from each other (hal lO see them as belongi ng 
lo one fa mil y of phenomena requires malure understanding. To 
the young mind , lhey ¡ook as different from each olher as did the 
morning star from lhe evening star lO the ancienls. In geometry , 
the hislory of Ihe conie see lions offe rs a telling example. The various 
shapes whieh we can now treal as members of one geometrical fam
il y di splayed no sud connect ion originally. Because of their com
pelling simplicity and self-contai ned structure, the cirele , elli pse. 
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parabola, etc. were considered as independent entities, subject to 
totally different principies of construction. William M. Ivins. in a 
spirited, if opinionated book. has taken the ancient Greeks severely 
to task for doing so. Assuming that the Greeks were tactile rather 
than visually minded. he treats their approach to geometry as a 
deficiency, instead of realizing that the exploration of basic shapes 
is a positive and necessary first step. without which further progress 
is impossible. The early perception of clear-cut. simple shapes is 
just as thoroughly visual as the later view, which makes them dis
sol ve into each other as phases of a unitary sequence. 

If. on the other hand. we sUce up a cone, keeping the sections 
parallel or changing their orienlation as we go. the highspots of 
circle. ellipse. etc .. may be hardly noticed when we pass through 
them. The smoolh transitions gloss over qualitative changes. As
sume that Ihe sectioning plane approaches the cone parallel to the 
cone's axis: lhe section presents itself as a hyperbolic curve. which 
grows and beco mes more pointed gradually until it transforms ilself 
inlo two straight lines meeting al an angJe. The hyperbola and Ihe 
angle, although parts of a conlinuous sequence, differ qualitatively. 
Similarly. if the sectioning plane is lowered upon the cone perpen
dicularly. the sections will start with a point, which expands into a 
circle. growing without changing shape. The situation is different 
if the plane changes angle and performs a tilt. Now Ihe circular 
sect ion begins to stretch, it becomes an ellipse. getting longer and 
longer. until it opens at one of its sides when the plane has come to 
lie parallcl to one of the cone's contours, and emerges as a parabola. 
Again. circle, ellipse, parabola. although phases of a continuous 
sequence. are separate, qualitatively different figures. 

Since these geometrical figures were treated first as separate. 
static concepts, they had 10 be reslructured in order to emerge as 
aspects of one unitary dynamic concept. This perceptual restructur
íng. penormed agaínst lhe grain of the primary evidence. revealed 
the ellipse as a di storted circle. the straight line as a limiting case 
of Ihe parabola. The discovery served , in the words of Poncelel 
"to broaden the ideas. to link by a continuous chain truths thal seem 
remote from each olher. and lO make it possible to embrace in a 
single theorem a throng of particular truths." 

The story of the conic sections shows how closely concept rorma
tion is relaled lo the perception or slructural simplicity. PonceJet. a 
mathematician of the nineleenlh century. saw the difference be-
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tween shapes that were structurally clear-cUl and others that were 
nol. In his treatise on the projective properties of figures. he calls 
the distinctive shapes "particular states" as against "general or 
indetermined states." and he says that the only difficulty is evidently 
that of clearly underslanding what one means by these terms. "In 
each case. the distinction is easy: for example. a straighl line meeting 
anolher in aplane is in a general stale. as compared with the case in 
which il comes to be perpendicular or parallel to that other line." In 
our Qwn language and for our own purpose we can conclude that 
static concepls come about when the mind culls structurally simple 
panerns from the conlinuity of lransformations, and thal dynamic 
concepts. in order lo encompass Ihe range of a continuum. orten 
have to overcome the conservative power of simple shapes. 

O" gelft'r(¡fi:.milm 

The discovery of the theory of conic sections is a beautiful example 
of generatization in productive thinking. So far. generalizalion has 
fared poorly in what 1 have said abolll concept formation. I showed 
thal primary abslraction cannot be said to presuppose an act of 
generalizalion. Instead. percepts are generalities from the outset. 
and it is by the gradual differentiation of those early perceptual 
concepts that Ihinking proceeds toward refinement. However. the 
mind is jusI as much in need of Ihe reverse operation. In active 
thinking. notably in that of Ihe artist or the scientist. wisdom pro
gresses constantly by moving from the more particular to the more 
general. 

5uch a generalization took place in the Ihinking of Kepler. De
sargues. and Poncelel. as lhey developed ¡he theor}' of the conie 
seclions. They carne 10 realize that a group of separate geometrical 
shapes could be fined under a common heading. Bul how did they go 
about it? Did they practice induction? Díd they look for common 
traits in the circle. the ellipse. the hyperbola: and did Ihe new. more 
general concept consist of these common Iraits? 

Somelhing fundamentally different took place. Those basic geo
metrical figures had been satisfactory. self-contained entities since 
antiquity. Now a new perceptual entity. the sectioned cone. offered 
itself as a new whole. into which the formerly isolated figures could 
be fitted as pans. A new understanding oftheir slruclural nature was 
broughl about by Iheir relations lo what turned out to be Iheir neigh-
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bors in a continous sequence of shapes and by their locations in the 
total perceptual system of the cone. Generalization, then , was an 
act of restructuring through the discovery of a more comprehensive 
whoJe. 

Often these structural developments are Jess spectacular, more 
gradual. In human thinking, every concept is tentative, subject to 
modification by growth. This may be illustrated by the manner in 
which someone's view of another individual, or a psychologist's 
theory of a type of personality, changes through new evidence. 
Peter has acquired an idea of what kind of a person Paul is. This idea 
is not automatically confirmed or altered by the mere number of 
times Peter has occasion lo observe Paul. Certain particular sit
uations, however, will provide a test, which either confirms the 
concept in its present shape or calls for a modification. The picture 
may become richer, or sorne of its features may be revealed as 
artifacts. The new evidence may affect the overall structure of the 
concept by displacing accents, revealing accidental s as essentials, 
changing power ratios. In sorne cases, an initially unitary concept 
splits up into two or three. 

Generalization is nol a matter of colJecting an intinite or large 
or complete or random number of instances. Instead, the thinker
the scienti st, the artist, the man in the street-approaches the task 
with a preliminary notion of what the concept might be like. One 
looks for examples, but the choice is not arbitrary. One is guided 
by a sense of where characteristic aspects ofthe phenomenon might 
reveal themselves. One discards weak. unclear instances and neg
lects unnecessary repetitions. One matches each example with the 
lentative concept, thereby completing, rectifying, trimming it. It 
is this gradual shaping of an abstraction, of which the theory of 
"generaJization by induction" is such a barren parody. True gener
alization is the way by which the scientist perfects his concepts and 
the artist his images. lt is an eminently unmechanical procedure, 
requiring nol so much the zeal of the census-taker. the bookkeeper, 
or the sorting machine as the alertness and intelligence of a function
¡ng mind. 



11. With Feet on the Ground 

Two antagonistic ways of describing abstraction havc emerged from 
the discussion. Traditionally, abstraction is a withdrawal from 
direct experience. This view assumes a dichotomy between perceiv
ing and thinking. One perceives only particulars. bul one thinks in 
generalities. and therefore. in order lO th ink one must sweep the 
mind clean of perceptual material. Abstraction is supposed to per
form this runction. 

A bSlracrion as wilhdrawal 

The purely cognitive difficulties opposing this approach have becn 
discussed. 1 have pointed out Iha! perception and thinking cannat 
gel along without each olher. Abstraclion is the indispensable link 
and indeed Ihe mesl essential common trait of perceiving and think
ing. To rephrase Kanes pronouncemenl: vision without abslnlction 
is blind: abstraction without vision is emply. This is a grave warn ing. 
But the danger is not limiled to cognitive functioning in itself. The 
notion that abstraction entai ls a wilhdrawal from direct experience 
also threatens to misrepresent the attitude of productive Ihinking 
towards reality. It suggests Ihat in order to show that a person is 
capable of truly abstract thinking he must ignore. defy. contradict 
the Jife situation in which he finds himself. 

To describe abstraction as withdrawal means to give a false ac
count nol only of the prac.:tices of philosophers and scientists bUI 
al so of thal of artists. In aesthetics. the doctrine can be illustraled by 
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Wilhelm Worringer's attempt to describe highly formaJized ("ab
stract") styles of art as the express ion of a flight from externa! re
ality. 1 have shown in a separate study how Worringer's book, 
Abslraclion and Empathy: A Contribulion lo lhe Psychology 01 
Style, written in 1906, tried to formulate the rationale of modern art 
by distinguishing in principie between naturalistic and geometrically 
stylized arto Worringer's valuable contribution eonsisted in the 
refusal to think of early styles of arto of Egyptian, archaic Greek. 
African, or of Oriental and indeed modern European art as imperfeet 
attempts to portray nature. Inslead he aseribed 10 them a positive 
aesthetie goal of their own. This most helpful acereditation, how
ever. was based on Ihe distinetion of two attitudes. one a trustful 
approach to nature resulting in naturaJistic art, the other an escape 
from the frightening irrationality of nature resulting in the simplified 
shapes of stylized arto That ¡s. Worringer linked the abstract qualíty 
of artistic form te an attitude of withdrawaJ. Abstraction became a 
refuge from the eomplexity offered by the sen ses and eherished by 
naturalistie art. This approaeh made for a harmful theoretieal split 
between art that did and art that did not involve abstraetion. 
Although Worringer established abstraetíon as a legitimate device 
of art, he failed to see that it is indispensable to any form of art, 
whatever its relation to nature. 

To be sure, there is an important eonnection between withdrawal 
and abstraetion. When the mind removes itself from the eomplex
ílíes of life, it tends to replace them with simplified, highly formal
ized patterns. This shows up in the "unrealistíc" speeulations of 
seeluded thinkers or the ornamenta!ism of artists out of touch with 
the dírect challenges of reality. Extreme examples can be found in 
the speech and drawings of schizophrenics. BUl although withdrawal 
often leads to abstraetion, the opposite ís by no means true. If one 
asserts that abstraetíon requires withdrawal. one risks subjecting 
the mind to condítions under which thinking eannol funclion: one 
will al so fail to aeknowledge genuine thinkíng when it is concerned 
with problems posed by direel experience. 

A gold-mine of examples is contained in Kurt Goldstein 's and 
Martin Scheerer's monograph on abslraet and concrete behavior 
in psychiatric patients. Published in 1941, it has deeply influenced 
the psychology of cognition. Go!dstein and Scheerer maintained 
Ihat certain mental patienls, mosl of whom had cerebral lesíons. 
were distinguished from normal persons by their inabílity to ab-
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stract. They considered ¡he power of abstraetion as different in 
principIe from what they ealled concrete behavior. Abstraction was 
not "a gradual ascent from more simple to more complex mental 
sets"; it was ""a new emergent quality, generically ditrerent from the 
concrete." 

Goldstein's and Scheerer's interpretations have run into criticismo 
They deserve to be examined here al sorne length because they 
show what can happen when abstraction is Ihoughl of as withdrawal. 
Also, abstractness and concreteness are used in the monograph 
not simply as diagnostic symptoms, buI the former is described as 
more valuable than the lalter. The particular deficiencies of the 
palienls are used by implication to discredit a much more general 
mental attilude, "confined to the immediate apprehension or Ihe 
given thing or siluation in its particular uniqueness." Therefore, 
Ihe study can serve as a telling illustration of the prejudice againsl 
perceptual cognition. 

I have pointed out earlier thal Ihe very opposition of ""concrete" 
and ""abstraet" implies a misleading dichotomy. Norman Cameron 
puts the malter mosl sharply: 

There i5 good rcason for doubting Ihe usefulncss, lo say nolhing of ¡he validity. 
of Ihese delermined efforls 10 mainlain separale calcgorics of " abstraet" and 
"concrele" behavior. The nolion Is based upon an equally hypothelical diff~ren· 

lialioo belween "perceptual" and "conceptual" Ihinking: aod upon inspeclion Ihis 
witl be found 10 reduce lO Hule more Ihan Ihe ancienl narcissislic flanery ¡hal 
granlcd I"".Ilionalil)· 10 adul! human Ihoughl bul denicd il lo ehildrcn and animals
some SIOUtJy dcnied il 10 women also . Thc currenl form of Ih~ dicholomy is 
grounded in certain nineteenlh-cenlury evolulionary doclrines or onlOgeny and 
phylogeny which. parddoxically enough. were originally designed 10 eSlablish 
not such breaks or chasms between species bul an essenlial ("(mli"'/;t)' belwee,n 
Ih~ ~Iruclure·funclions of human beings and olher animals. 

Goldstein's and Scheerer's descriptions conlain clear indicalions 
Ihat Iheir patients were in facI capable of perceplual abstraclion. 
For examplc. if by abstraetion one means simply the drawing forth 
of common eJemenls or quaJities, one finds that "¡¡II Ihe subjects 
were able to group together a variety of given objects of similar 
color or similar use." Ir abstraetion means 10 isolale Ihe components 
of a pattern. we are told that a patient can discern geometrical figures 
in a design in which they overlap. Or if abstraclion means grasping 
the structural features of a complex Iype of thing and recognizing 
them in a simplified representation. we learn that Ihe patienl under-
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stand s the picture of a house made of ten or twelve sticks and can 
reproduce it. This certainly involves abstraction; for, as Anatol 
Pikas has pointed out, to see a triangle as a rocf means to disregard 
al! the particular fealOres contained in the patient 's memory of real 
rocfs. 

Goldstein aod Scheerer fail to see abstractioo in these perceplOal 
accompJishments because what the patients are dojog here is lo 
grasp features inherent in the situation to which they are exposed, 
and this, in the terms of the authors, constilOtes mere "concrete 
behavior." Concrete behavior. found 10 be prevalent even in the 
normal perseo bUI considered the only one of which the patients are 
capable, is called "passive" because jt responds to " the irnmediate 
clairns of a particular ouler world situation," thrust upon Ihe person 
as "palpable configurations or palpable conlexts in the experiential 
phenomenal realm.'· What. then. is missing? What is missing, we are 
(old. are the abilities to name in words the principie inherent in 
a given practical behavior, to detach oneself from the demands of 
the present situation. and lo perform operations that go against the 
grain of that situation. 

Tlle exlrllclioll 01 principie 

There is ample evidence that the patients find it hard to cope with 
demands ofthis sort. For example. one ofthem may be able to throw 
balls into three boxes located at different distances from him. He 
never misses; bUI "asked which box is farther and which is nearer, 
he is unable lo give any account or to make a statement concerning 
his procedure in aiming." An average normal person would have 
Hule trouble with these questions bUl might gel stymied by similar 
demands at his own. higher leve!. JI is hard and often impossible 
for human beings quile in general to account "in Ihe abstract" for 
a principie they apply in practice without difficulty. Teachers and 
parents know the problem well because they are oflen called upon 
to spell out Ihe ratjonale of a particular lechnique or conduct. They 
know things should be done in a certain way bUl cannol quite teH 
why. Scientific scrutiny also faces this task constantly. In daily 
Jife. we expertly balance our bodies standing up. walking, riding a 
bicycle, but we are at a 1055 to say how we do it. We see that the 
structure of a sentence is illogical or that a pictorial or musical 
composition is out of balance; bUI we may slruggle in vain lo formu-
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late for the student the principie he is violating. The American pilot 
fiies his airplane "by the sea! of his pants:' the German photog
rapher develops his negatives "nach Schnallze," the Italian chef 
eooks "a fume di naso." Sueh expertness is learned. peñeeted by 
praetice. and often transferred from one kind of task to olhers. 
However. in order to extraet the principie explicitly. a persan musl 
be able lo identify the relevant factors by isolating them from ¡he 
eontext of the total phenomenon or peñormance; he must further 
discover what Ihese factors contri bu te and why their contributions 
produce the effect. 

Of course, the extraction of principie demands a higher level of 
intellectual ability than its mere application. However. the impor
tance attributed to this ability depends on ooe's values and goals. If 
one evaluates persoos mainly by their capacity fortheoretical formu
lation, olle may consider the brain-injured more harmfully impaired 
than if one cares mostly about the success and intelJigence of Iheir 
peñormance. This is nol a matter of pragmatism bul of the kind of 
mental funclioning considered mosl productive. In particular. we 
must ask whether the average person, such as the average psychial
ric palient, should be judged by his abiJily to isolate generic prin
cipie from the eontext of its application or ralher by the intelligence 
he displays in using it implicilly when he sol ves actual tasks. 

A person made aware of the principie underlying his action may 
find himself hampered in his performance. This happens in the learo
jng of almost any skill and can become an invincible disturbance. 
In the arts. for example. to learo a generic formula for which one is 
not ready intuitively can be harrnfuJ. It is a problem which knowl
edge raises quite in general. Psychological theories may suspend 
a person's sensitivity fer what is goiog on in others or indeed in 
himself. Or. as Paul Valéry has said in his ¡fltroductiofllO POeI;cs: 
.. Achilles canoot defeat the tortoise ir he thinks of space and time." 

However. it is also Irue that superior performance may be attained 
ir the principies inherent in it have been identified and then absorbed 
again in intuitive application. Professional skills, expecially in physi
cal activities. require this sort of preparation. Furthermore. man 
exploits his mental endowmenl more fully ir he nol only acts intelli
gently but also understands intelleclually why he acts as he does and 
why his procedures work. 

The scientisl is the prime expert al distilling principie from par~ 
licular instances. Howe~er. for the purpose of our investigation il 
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is relevant 10 see that he is able to perform such feats nOI primarily 
because he can detach theoretical concepts from the events 10 which 
they refer but because he can trace them within these evenls. To 
understand an evenl or state of atrairs scientifically means to find in 
it a pattern of forces (hat accounts for the relevant fealures of the 
system under investigation. Just as the compositional pattem of a 
work of painling or architecture makes sense only in application lo 
lhat work and nol in isolation from il. so nearly all productive Ihink
ing about theorelical statements is done wilh conslant reference to 
the phenomena they describe. Reference lO one familiar example 
may suffice to iIIustrate this point. Newton's discovery of gravity 
as a general phenomenon of nature is impressive as an intelleclual 
feal because he was capable of relating the movemenls of Ihe planets 
to (hat apple tree al WOolslhorpe; bul lhe similarity he spotted was 
of enduring value only because the power of attraction plays (he 
same par! in lhe context of Ihe solar system as in that ofthe falljng 
piece of fruil. When this eondition is fulfilled. the abstraetion does 
nol abandon the eontext from which il was drawn. On the contrary. 
it preserves the flesh and blood of perceivable validity by being refer
able at any moment to the kinds of actual evenl from which il de
rived and to which it applies. We are likely lo concJude lhal the most 
productive feals of abstraclion are performed not by those who most 
brilliantly overcome. and indeed ignore. contexts but by those 
whose boldness in extracting the similar from the dissimilar is 
matched by their respect for the contexts in which the similarities 
are found. 

The psychiatric patient who is unable to answer questions dealing 
wilh theoretical concepts such as "distance" does not fail because 
he is incapable of withdrawal and detachmenl - which he may well 
be-bul primarily because he cannot find the generic notion of dis
tance ;11 that situation. He can abstract to (he extenl of handling 
the relation between Ihe distan ce of the boxes and the bal1-lhrowing 
etrort within the contex.t of his performance. but he cannot make this 
abslraction explicit by isolating it in Ihe context. The normal and 
intel1eclually trained person "sees" that greater distance demands 
greater effort: the patient. who in addition to his brain deficiency. 
may be handicapped by a lack of inlellectual schooling. can obey 
the same principie but cannot pie k il out. Therefore. when con
fronled with verbal eoncepts such as "near" or "far" he cannol 
relate Ihem lo his experience. BuI Ihere can be no denying that the 
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patient knows what he is doing. Henee, harmful misinterpretations 
must result ir one believes, with Wittgenstein , that .. 'knowing' it 
means only: being able to describe it." 

Agains/ tite grain 

A patient is also said to be unable to abstraet when he cannOl repeat 
sentences such as: ''The snow is blaek," or say ''The sun is shining," 
on a rainy day. He eannot be made to demonstrate how to drink out 
of an empty glass although he can drink from a full glass. He can 
write his name 00 paper, bul 001 io lhe airo Does this sort of failure 
reall y indicate that the patient eannol abstraet? Blaek snow is not 
ao abstraetion of white soow. aod the drinkiog task is rejeeted 
precisely because the empty glass is recognized as a state of affairs 
io which the esseotial element is missing. What indeed is meant 
by saying that the palient "cannot" perform? Clearl y, he is either 
unwilliog to comply or he does not know under special ci rcum· 
stanees how to do something he can normally do quite weJI. What 
causes the obstacle? Is the incapacity a cognitive one'? An inca
paeity to think? Or does the patient fail because he cannol or wi ll 
not do something the situation does nol require or contradicts? Is il 
nol because he will nol go against the grain of what he is facing? 

In spite of what 1 said about the attitude of the thinker toward the 
objects of his inquiry. it may seem that not to be ab le to free oneself 
from a giveo situat ion is a fatal handicap. After all. in arder to solve 
a problem one must be able to alter the structure which the situation 
spontaneously presents to the mind. To perceive is 10 grasp the 
salient fealures al' a given stale of affairs ; but to solve a problem Is 
to find. in that state of affairs, ways of altering relations, accents, 
groupings. selections, elc .. in such a way Ihat the new pattern yields 
the desired solution. It is quite likely that thi s freedom of mind is 
impaired in certain mental patients. However , one can hardly judge 
the extent and nature of thi s damage unless ooe takes into account 
that even the normal person makes use of this independenee only 
when the restructuring is demanded by lhe requiremenls ofthe task. 
Far from being arbitrary or nonsensieal, the new , more appropriate 
structure is discovered in the situation itself. A problem solver does 
nOl reorganize what he sees without reason. He is driven by the 
need to obtain from the given situation something it seems unpre
pared to give. In the words of Karl Duncker: " If a situat ion is ¡ntro· 
duced io a certain perceptual st ructuration , and if this structure is 
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still 'real' or 'alive,' thinking achieves a contrary structuration only 
against the resistance of the former structure." In the problem 
solver, the image of the goal situation exerts pressure on the image 
of what is presently given and tries to force a transformation in the 
direction of what is required by the task. The demands of the goal 
image juslify Ihe reorganizalion of the present structure. 

The primary obligation, lhen. is lo what is presently given. 
In one of Hank Ketcham's newspaper cartoons (he ingenious but 
formidable boy. Dennis the Menace, pulls out the drawers ofa cheSJ 
stepwise in order 10 construct a staircase. which will allow him 
lo climb to the cookie jar on top of the chest. The usual image of 
Ihe drawers resisls being seen as a sel of steps. bul the goal image 
of "getting up there" draws the ingenious discovery of the sleps 
from the potentialities of the given resource. 

Restrucluring can be playful. a kind of game, such as when 
Picasso smilingly changes. for the amusement of a film audience, 
the drawing of a fish into one of a chicken. It occurs in jokes and 
puns. Bul in order lO play one must feel safe. and the things one 
plays with must offer no serious objection. Finally. restructuring 
may occur when a person 's contact with reality has been so severely 
weakened that only an external shell is left of its structure and mean· 
ing-a surface pattern that can be lransformed al will. This sort of 
irresponsible freedom is onen found in the drawings of schizo· 
phrenics. 

The brain·injured patients seem lo have the opposite problern. 
They cannot detach themselves from the demands of the present. 
BUl are there not very "normal" reasons for sorne of Ihis ··ab· 
normal" behavior? The patient is asked by the psychialrist to do 
~omething absurd: lo call the snow black. 10 drink water Ihat is nOI 
there. to write on airo The doctor's office in the hospital is a place 
that neither adrnits nor ealls for playfulness: nor is the patient likely 
to be in the mood for games. Owing 10 his terrifying impairment, 
he is in a slate of whal Goldstein and Scheerer themselves call 
"a justified catastrophie reaction." 1ft as a medical test of what 
is wrong wilh him, he is asked to do absurd things he may well 
assume Ihat 10 do Ihem would prove Ihat he is indeed crazy. Is 
Ihis a suitable situation for the testiog of his cognitive flexibility? 
It would be inleresting to know what would happeo , for instanee. 
if Ihe patient were lold: "Suppose you were io a foreign country 
where people do oot speak your language. How would you make 
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them understand Ihat you are thirsly? How would you ask for a 
pair of scissors?" Or a Ihealre performance wilhoul props could 
be improvised among the palienls. Seated around <.l table. they might 
be asked to pretend lo drink and eal. wilhoul glasses or silverware. 

I am discussing these clinical interpretations because they otfer 
a Iragieomic example of what is all too frequently considered the 
characteristic aspects of good intellectual functioning. The not ion 
tha! thinking requires delachment from direcl experience has be
come so dominant Ihat Ihe abilily lo ignore Ihe given circumstances 
is made a prime indicator and virtue of intact reasoning. Ironicall y. 
il is the palienl who is pUl in Ihe posilion of defending sensible 
behavior againsl lasks of unjustified absurdit y. And only because 
detachmenl has been designaled the prime requiremenl of thinking. 
can the lerm "abstraet" be applied lo behavior thal has nothing lo 
do with abstraction as a cognit ive operation. 

This approaeh also explains why Ihe experimenters do nOI 
recognize impressive feats of restructuring performed spontane
ously by their patients. Here is cne. The palienl is given forty
eight figures: sixteen triangles. sixteen squares, sixleen disks. In 
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each group four figures are eolored red. four green, four yellow. four 
blue. He is told: "Sort Ihose figures which belong logether!" or 
"PUI Ihose togelher which you think ean be grouped together!" 
In one instanee. the patient picked out all red figures and arranged 
them as Figure 54a shows. Accidentally the fourth red disk was 
missing; it had fallen under the table. Observing lhis. the patient 
changed her design spontaneously lo Figure 54b. This is a typieal 
ease of intelligenl restructuring. The patient grasps the principie of 
Ihe figures presented to her in a random heap: There are four groups 
distinguished by color! In the red group. there are four of each 
shape. On Ihe basis of this abstraction she is able to notice: There 
oughl lO be one more! In this predicament she invents a totally 
new arrangement. involving new patterns and new relations, in 
order lo salisfy her wish for symmetry. This indeed is produetive 
freedom [rom the given structure. 

The palient broke a given whole inlo parts in order to reorganize 
il-precisely what. aceording to Goldstein and Scheerer, the brain
injured are unable 10 do. BUI the patienls do have trouble in copying 
model figures such as Figure 55a. They may use the right colors 
bul change ¡he shapes and the arrangemenl (Figure 55b). Quite 
often, the faulty solution. as it does in this case. amounts 10 render
íng a relatively complex model by a slructurally simpler organized 
pattero - an adaptation to the level of visual comprehension aecessi
ble to the persono This sort of simplificarion. so well known from the 
drawings of ehildren, does nol necessarily prove Ihat the person 
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was unable to grasp the pattern of the model. lt ralher represents 
a pereeptual abstraetion, indiealing an elementary level of eoneep
tion, bUI no eognitive defeet. 

One of (he reasons for " ioeorreet" reproduetion is Ihal unless 
a person has reeeived specific instruction in mechanically correct 
copyiog he tends lo look for the overall slructure of the model 
rather Ihan imitating it paiostakingly, piece by piece. Gustave 
Jahoda describes Ihis approach in his experiments with Nigerian 
leen-age boys. who were given sorne of the Goldstein-Scheerer 
tests. lostead of matching one block after the other syslematically. 
the boys would lcok at the model figure for a while, lhen concentrate 
on reproducing it. wilhout more than cursory further glances at 
the model. 

An artist will work in the same way unless he aims for a faithful 
copy in the naturalistic manner. To lcok for the overaJl strUClure of 
a given situation ralher than examine or reproduce it mechanically 
piece by piece is mOSI desirable and indeed indispensable for the 
intelligent solution of many tasks. Art teachers discourage students 
from piecemeal copying or from neglecting the overall slructure of 
a composition. A grasp of overall structure is equally essential for 
the intelligent assessmenl of social situations or the solution of 
scientific problems. To be sure. mechaoical copying may be a 
desirable skill, bUI if someone is incapable of it or unwilling to do 
it, we must nol lightly charge him with failure. What prevents 
him may be nol so much a deficiency as a mosl positive human 
trait, spontaneous abstractíon. Natural, uncoerced perception does 
nol involve systematic scanning of detail ; vision is not a cathode 
ray steered by a machine. 

People disagree on what constitutes a satisfactory copy. In the 
Goldstein-Scheerer test , many subjecIs "failed" because they 
ignored the spatial orientation or the size of the model. Here again. 
the liberty taken with the model is more often an asset than a liabil
ily. To be able to identify types of objects in spile of different orien
tation and modified shape is an accomplishmenl tested in experi
ments on perceptual equivalence with young children and animals. 
The neglect of size difference is essential also to the perception of 
objects at varying distance and indispensable for the understanding 
of pictures. Sorne special tasks do require a meticulous observation 
of orientation or size; but basically the neglect of these faclors 
makes for more inlelligent and useful behavior lhan their pedantic 
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observation. Certainly, an instruction such as ". want you to copy 
this design with these blocks," does not specify whieh approach 
is desired . 

On the other hand. when a patient, asked to put together shades 
of color, refuses to group a given shade with any but an exactly 
identical one he stands eonvicted of inability to abstract. Should 
he have acted differently? Suppose for a moment we were con· 
fronted with such a task and our life depended on the correet 
answer. How would we behave? The examiner shows us a certain 
shade of green and asks: "Which of these others can be grouped 
wilh Ihis one?" or "belongs to this one?" or "can go with this one?" 
You see thal they are all green, but since it is a matter of life and 
death, would you nol play il safe and refuse to associate any two 
shades unless they were practically identical? Perhaps the patient's 
ability to group similar things was indeed impaired; bUI a test such 
as this one does not prove il. 

An illuminating difficulty arises when the palien! is given skeins 
of wool dyed in various shades of green and asked "whether these 
don't all belong or fit together." In a case reported by Goldstein 
and Scheerer, the patient resists this leading question; he points 
to one particular shade in the bunch and says "Green!" but insists 
tha! none of (he other skeins can be grouped with this one. Here 
the traditional technique of eoncept formation dashes with the 
intuitive procedure of abstracting by "type", which I have discussed 
earlier. The experimenter uses the criterion of traditional logic: 
every speeimen containing greenness belongs in the category 
"green." The palient. juS! as any other person who uses his eyes , 
does not see simply a se! of colors united by a common trair, bUI 
apure. "reat"· green with many approximations surrounding it. 
Compared with Iha! one !rue green, which is Kretschmer's G lücks· 
fall. i.e .. the pure type luckily met in the flesh. Ihose pale, yellowish 
or bluish colors are no! legitimate green al all. Clearly, the palient 
"fails" nol because he cannot abstrac! but because his procedure 
of abstraction differs from the one taken for granted by the experi· 
menter. By no means can one condude tha! he did nOI see the re· 
lation among al] the hues presented to him. 

/n 10\1(' lI'ir}, c1assificatiofl 

U nsuitably narrnw notions of what constitutes abstrac! behavior 
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also derive from a devotion 10 the so-called eategorieal attitude. that 
¡s. the ability lo perform logical c1assifieations and to aeeount for 
them in theoretical terminology. This hobbyhorse of our particular 
intelleetual culture should not be permitted to dise riminate against 
other, equally produetive ways of reasoning, whieh fortunate ly 
flourish in our midst. Good examples can be found in the seoring 
criteria for the similarities test, a subsection of the Wechsler
Bellevue adult intelligence test. Here a person, asked to tell in what 
ways oranges and bananas are alike, may fail to reply that both are 
fruit, although in the pursuit of his daily Jife he ean be expeeted 
to know and make use of this similarity. He is not Irained to casI his 
knowledge into generie sentences such as "fruit is different from 
vegetables" because he has no need for them and because they may 
require generie words with which he is not familiar. Here again the 
person is not unable to penorm the desired abslractions buI to han
die Ihem in isolation from the contexts to which they are relevant. 

In other instanees, Ihe desired abstractions are indeed alien to the 
thinking of certain persons. How are we lO evaluate such failures? 
Here is another example from the similarities lest. A person, asked 
in what way wood and alcohol are alike. is given a ze ro score if he 
answers: "Both knock you out:' No doubl , Ihis answer lestifies to 
a brighl intelleet. lt comes from a person capable of finding al the 
spur of {he moment a striking common fealure in IWO Ihings nOI 
obviously alike. In life, we would reward him with an appreciative 
smile. If nevertheless hi s cJeverness makes him fail the test. it is 
beeause the examiner prefers logical categories of sc ientific c1assifi
calion. He is justified in doing so if he wishes to find out whelher Ihe 
testee's mind is geared 10 Ihe kind of logical operation practiced in 
academic settings. But ir the purpose is to reveal productive intelli
gence, the zero score is misleading. In order to do well, the testee 
was supposed to answer: "Wood and alcohol are both organie sub
stances" or "they are both hydro-carbons." These answers dig more 
deepl y; bul it is also true lhat only in the mind ofa considerably edu
cated person will they be in contact with the fact s thal make them 
relevan!. CJassification by logical subsumption. on which so much 
schooll mining ofthe inlellcct focuses, is nOI the main concern of Ihe 
seientist but only an external outcome of his work. The cJassificalion 
of animals into mammals . birds. amphibia, etc. is only the precipitate 
of di scoveries that revealed marvelous funclional similarities in 
creatures of great variety. These discoveries are alive in the mind of 
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the biologist when he uses (he Linnean categories, which are little 
more Ihan labels for the average persono Whether or not a person 
uses such labels tells us little about the quality of his thinking. 

When somebody draws his abstractions spontaneously from a 
context thal has substantial meaning to him, he should be given 
credit for good thinking. One of Goldstein's and Scheerer's patients, 
asked 10 give lhe names of animals. listed them in the order in which 
the cages come in the zoo of her home town. To be sure, the patient 
cJung to a "concrete" instance: but to point this out is lo charac
terize her behavior insufficienlly. One musl add thal she derived her 
abstraction intelligently from the only true knowledge about the 
order of animals she is likely 10 have possessed. Similarly, when 
somebody is asked which amoog a group of colors "belong to
gether," his upbringing may not have prepared him for relaling Ihis 
question to categories of perceptual order. Instead of putting all the 
greens or all the reds together, ane patient, after careful choosing, 
mal ches a bright green sample with a dark blue and white skein and 
a bright yellow sample with a dark brown and dark yellow skein. 
Her explanation: "This is a jumper and a skirt, Ihis is a shirt fronL" 
Whether her criterion of what belongs together is less relevant than 
cJassitication by common traits is surely debatable, unless one auto
matically prefers the juggling with logical relations lo Ihe kind of 
thinking Ihat reaches for a sol id grounding in order lo function. 

Much of lile foregoing discussion was based on particular clinical 
research. It highlights, however, a theoretical prejudice all too 
widespread even nowadays among psychologists and educators 
quite in general. They know thal the human mind develops ilS 

capacity for thought by handling situations presented through the 
sen ses and that "abstract" concepts of the aeademic variety are late 
products of special cultural conditions. Vet when the latter are 
absent, there is a tendency lo assume Ihat abstract thinking in the 
broader and more relevanl sense of the term is absent also. Hence 
the nOlion Ihat abstract thinking is not found in the "primitives," 
as we call them. or the "nalUrals," as John Locke called them more 
graciously and more cotrectly. It is worth quoting here a passage 
from Locke. in which he contends that "abstraet maxims" cannOl 
be expected from children or the wild inhabitants of the woods. 

Such kind of general proposilions are seldom menlioned 1n Ihe huls of Indians: 
much less are Ihey 10 be found in Ihe thoughls ofchildren, or any impressions of 
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them on-Ihe minds of nalurals. They are the language and business of Ihe schools 
and academies of leamed nalions, accuSlOmed 10 Ihal sort of conversalion or 
Jcarning, where dispUles are frequenl; these maxims being suited to anificial 
argumentalion and useful for conviClion. bul nol much conducing 10 Ihe discovery 
of lrulh or advancement of knowledge. 

Whalever his views on the thinking of the naturals , Locke knew well 
how restricted was the value of the thought operations in which he 
found them lacking. He thereby helped to anticipate a re-evaJuation 
that has been slow in coming in our own day. Ways of cognitive 
behavior that are different from our own bUl nOl necessarily inferior 
lO it are easily condemned as the results of cultural underdevelop
ment or deprivation. They may even be auributed to a lack of natu
ral endowment. Actually, studies of the early stages of intellectual 
development reveal altitudes that we tend to neglect in ourselves 
to our detrimento 

In rouch wilh experieflce 

In our own midst, persons of little schooling often think in a way that 
Frank Riessman. speaking of the "style" of the so-called deprived 
child, has summarized as follows. The child is: 

l. Physical and visual ralher lhan aural. 
2. Conlent-cenlered ralher Ihan form-centered. 
3. External1y orienled ralher Ihan inlrospeclive. 
4. Problem-centered ralher Ihan abslracl-cenlered. 
5. Induclive ralher Ihan deduclive. 
6. Spatial ralher Ihan lemporal. 
7. Slow, careful. patient. persevering (in areas of importance), rather Ihan quick, 

elever, faciJe, flexible. 

Clearly. the kind of deprived child to whom these traits apply is not 
the typical maimed child of urban slums or the victim of suburban 
stultification, so orten deficient in the very qualities here described
children neither curious nor observanl, unable to concentrate and 
stymied in the spontaneous expression of thought and feeling. 
Before speaking of them, it is necessary to refer to the handicaps 
of persons whose cognitive and motivational equipment is reason
ably intact bUl who are deprived in the sense of lacking the lraining 
needed to succeed in school, in intelligence tests, or in specialized 
urban skills. 
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Partly the problem is linguistic. The words and sentence structure 
of the language practiced by the educated middle class and therefore 
in the schools often refer 10 objects, customs, facilities, thought 
operations alien to the "Iower" classes. Allison Davis has pointed 
out that in an intelligence test a person may be unable to deal with 
verbal analogies because he does not understand the meaning of 
such phrases as "is to" in the statement: "Loud is to sound as bright 
is to whatT' He is defeated before he ever faces the task. And yet, 
she declares: 

In nearly all general intelligence tests, the authors have depended chief'ly upon 
two types of verbal questions 10 furnish the most difficult problems in their teSIS, 
and 10 screen the 'mediocre' and 'average' pupils from the 'superior' pupils. These 
two types of questions are based upon (1) verbal relationship and complex aca· 
demic phrasing (such as verbal 'analogies' and 'opposites,' and 'syllogisms'): 
and (2) rare words (used in vocabulary tests and 'deflnitions'). 

Verbal difficulties, although often decisive in praclice, concem 
us here only to the extent to which they reflect differences in cogni
ti ve mode. The core of the problem is reached when we hear an 
expert say: "What all intelligence tests measure is the ability to deal 
with symbols. The more intelligent a person is. the more complex 
and abstract these symbols can be." The lerm symbol can mean 
many things. 1 spoke in an earlier chapter of symbols in which per
cepts and concepts unite. Here, however, symbols are ¡ntended as 
the very opposite, namely, as thought objects detached from direct 
experience. Another quotation will illustrate this. "The middle c1ass 
handles chiefty symbols for living, the working class handles chiefty 
things." Put the two together, and you are told (hat intelligence is a 
privilege of the middle cJass. 

In common usage, the word symbol covers the whole range of 
images and signs indiscriminately. 1t endows the most mechanical 
and remote relations between the signifier and (he signified with an 
undeserved halo borrowed from the most productive kind of signi
fication. What is actually referred to in the statement above is that 
roughly half of our population, businessmen and office workers, 
teachers, lawyers, civil servants, and salesmen, spend their working 
days handling references to things, products, and services rather 
than producing or employing these things themselves. The indirect
ness of relation leads easily enough to a partial or complete detach
ment from the objects of these activities. The salesgirl , with the 
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merchandise right in her hands, may think of it only as a means of 
making sales; a lawyer may be absorbed by the purely formal play 
of fitting a given case lo its legal preeedents; the teacher is tempted 
lo lose , in the transmiss ion of textbook data, the sense of what these 
data are about. This harmful alienation oceurs in people largely 
eoneerned with things that stand for other things. lt is a pathologieal 
detaehment. But it is equated with the highest form of human 
intelligence if abstraction is eonsidered a withdrawal from direct 
experienee. 

Therefore, when the naturals , the ehildren, lhe uneducated are 
said 10 have trouble with "symbols", it is necessary to inquire what 
is meant. Are they unable to think abstractly'? Or are they ineapable 
or unwilling to engage in mental operations unrelated to tangible 
tasks at hand? The former deficieney would be fatal 10 their fune
tioning as intelligent beings; the latter must be weighed carefully 
against the great fundamental value of a mental attitude that refuses 
to operale out of eonlext. 

The pertinent literature indicates that there are two "styles of 
expression," namely, the mOlOric and the conceptual: or that the 
lower-class child is "thing-oriented" whereas Ihe middle-elass 
child is "idea-oriented." This distinetion may have sorne merit 
as a description of typieal behavior; bul one must keep in mind that 
the two attitudes do nol exclude eaeh other. When a person of the 
motoríe type makes "sueh heavy use of the voluntary, and partie
ularly lhe large muscles of the body ," he is nOl neeessarily using 
his body inslead of his mind. Far from being a brainless athlete, 
he may be the kind of person who thinks beS! by doing Ihings, either 
robustly like a manuallaborerordelieately like a watehmaker. What 
matters is not that he prefers physieal activity lo the "manipulatíon 
of ideas" but what sort of activily he uses hi s body foro A mOlorie 
person must also be a percepluall y orienled persono sinee in arder 
to act upon Ihe world he must be aware of lhe situation lO reaet too 
The range and depth ofhis pereeplion will determine the intelligcnee 
leve! of his behavior. There is obviously no eciling on Ihe imel
ligenee al whieh sueh "molorie" people as surgeong. meehanies. 
or seulptors can do their work: on the other hund, u person strietl y 
limited lo the "manipulation of ideas" is nOl immune against operat
ing with dist ressing dullness. 

Let us remember here al so the importance of maniputation for 
all problem solving, whether or nol il involves bodily pe lformunee. 
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To try out how a thing works or whether a solution is feasible is a 
method of choice in all productive thinking. The physical version 
of such experimental handling shows up as motor behavior. E. Paul 
Torraoce, writing 00 "The Role of Manipulatioo io Creative Think· 
ing," refers to studies on inventors showing that manipulative 
tendencies are important for inventiveness. In his own experi· 
ments with children, Torrance noticed tha! there appeared lo be "a 
meaningful relationship between the child's manipulation of the 
objects provided 10 evoke creative thinking, or inventiveness, and 
the quantity and quality of his responses." By behaving motorically, 
the child can han dIe ideas. 

It follows that to educate persons who function best in tangible 
siluations is nol a matter of replacing motor activity with ideas. 
Riessman asserts thal the "deprived" children he has in mind do 
nol dislike abstracI thinking; rather they go about it differently. 
"They need 10 have lhe abstract conslantly and intimalely pinned 
lo the immediate, the sensory. the topical." After they have acquired 
some feeling for broad generalizations from seeing them derived 
and applied in practice. they may, to some degree, appreciate ab· 
stract formulations per se. In this light, one may wonder about 
Riessman's suggestion that teaching machines should be particularly 
effective with deprived children because they tend to learn physi· 
cally and admire machines. Gadgetry as a bribe may make learning 
more palatable, but if the programed instructioo is based on the kind 
of formalistic thought operation tha! is alien 10 these children, the 
incentive to tinker is unlikely lo translate itself into a desire lo learn 
in lhe long run; nor will the learniog procedure be more congenial 
10 the child's cast of mind. 

Recent educational practices ackoowledge that what children 
need are objects of a wide variety of clearly expressed shape. size. 
and color. Any objecl of articulate appearance conveys perceplual 
principies to the observant mind , and every perceptual principie 
observed helps build the foundation of thought. lo the same way, 
principies of action. such as the notion of causality, must be made 
evident by simple. impressive devices. We tend to lhink that chil· 
dren growing up in an essentially "practical" environment have 
ample opportunity for such learning even though they may own no 
suitable toys. This can be quite true for Ihose who live on a farm or 
play in their father's workshop or store. It is nOI true, however, 
for the children in urban slums. As Martin Deutsch has observed, 
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"visually , the urban slum and its overcrowded apartments offer 
the child a minimal range of st imuli. There are usually few if aoy 
pictures 00 the wall, aod (he objeets io the household , be they toys, 
furniture, or utensils, (end (o be sparse, repetitious, and laeking 
in form and color variations." Compare this with the pereeptual 
environment of the privileged middle-c1ass eh!ld, who is offered 
stimulation indispensable for his mental growth from the very 
beginning of his life. He is more likely to profil early from the ingen
ious and beautiful but expensive toys that apply the practical fune
tions of building, baJancing, fitting, grouping. etc. lo simple and 
eolorful form and are made of solid malerials, as compared with the 
shoddy and c1uttered imitations of vehic1es, implements , or human 
figures stamped out in eheap metal or plastie. The poverty and con
fusion of the sensory environment is reflected in the poverty and 
inarticulateness of the mind. At school, the slum ehildren are ini
tially inferior not only in their handling of language and generic 
concepts bul also in manual facility and the grasp of perceptual 
relations. This is the more distressing impairment beeause it under
mines lhe very base of thought. 

Need I add that the object~bound way of thinking is found not 
only in educationally and socially impaired persons but appears as 
a eharacteristic mode of cognitive functioning also under the mosl 
favorable eonditions? In an essay written years ago on the teaching 
of psyehology, I described students who are "empirieists," in that 
their dealings with the world are based essentially on concrete, 
particular experiences; whereas others strive for knowledge mainly 
by manipulating abstraet generalilies. 

At the one extreme, there are students who like 10 deaJ with children, observe 
animals, attend coun trials, or canvass the neighborhood. They are absorbed by 
what can be watched and touched. They handle people with intuitive wisdom. But 
they become uneasy when called upon to draw general conclusions, to compare 
one Iheory wilh anolher, or to evaluale the soundness of a proof. Scientific lerms, 
which they handle ¡ingerly or quite uneoncernedly, aequire a slrange poetieal 
Havor. When asked 10 define ¡he eonditioned renex, Ihey may 5ay: "They had 
a dog on the table, and they made a harmless operation atthejaw, so that they 
eould count the drops of his saliva, and then (hey rang a bell .. ,. 

Al the olher extreme. mere are me clever jugglers. They are in love with termi
nology and quiek in conneeting.ideas which stem from disparate contexlS. But 
Iheir brilliant shon-eireuits are often purely formal and therefore unproduclive. 
Detached from the faels to which Ihey refer. concepts drifl and combine al ran-
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domo The carerul presentalion or evidence makes such students impatien!: "Why 
does he have to go Ihrough alllhese cases since the main idea was clear 00 Ihe 
tir;;! page?" 

These are extreme types. both mentally onesided. However. apart 
from the personal preferences of the individual teacher, there is 
surely no suggestion here Ihat prevalence of the former attitude is 
less promising Ihan thal of the lalter. Many an educator, on reading 
Riessman 's seven characteristics of the deprived child. is likely to 
confess Ihat sueh a student. although a heavy challenge 10 the 
teacher in many ways, is precisely the kind he considers most 
worthy of his efforts. In faet, immediately after reporting his list 
of traits, Riessman mentions that according to another psycholo· 
gist , Irving Taylor, the pattern is very similar to that found in one 
Iype of highly creative persono 

This resemblanee is nOI accidental. In a later chapter I shall have 
occasion 10 give examples of the intelligence great artists display 
in the handling of visual problems. Although quick reasoning can be 
an asset, the intelligence of such an artist feeds typically on the slow 
and intense absorption of what his eyes observe in his work and in 
the surrounding world. That Ihis is equally true of the productive 
thinker and scientist may seem less obvious. And yet il is the relent· 
less attachment to the world of the sen ses from which great ideas 
take flight. 

Our educational system, including our intelligence tests, is known 
to discriminate nol only against Ihe underprivileged and the handi· 
capped but equally againsl the mosl gifted. Among those capable 
of becoming most productive in the arts and sciences are many who 
will have particular trouble with the formalistic thought operations 
on which so much of our schooling is based, and will struggle against 
Ihem most strenuously. To what extent do our schools and univer· 
sities serve to weed out and retard lhe most imaginative minds? 
Intelligence test scores and creativity correlate poorly, and Ihe men
tally more lively children tend 10 be a nuisance 10 their teachers and 
peers and a liability in class work. These are ominous symptoms. 



12. Thinking with Pure 5hapes 

A thinker mus! subtl y control the relations of his concepls to the 
malter for which they stand. In order to acquire sufficient generality. 
these concepts must transcend the particular aspects of the exper· 
¡eoces from which they are laken. Bul in spite of their abstractness, 
they must continue to reflect the relevant reatures of their referenlS. 
The ri sk of neglecling Ihis obligation is particularly great in concepts 
tha! do nol directly envisage their applications bul replace or super
impose upon them other ¡mages al a more abstrae! leve!. This is true 
especially of numbers and of scientific and philosophical theories. 
Although they do nol detach themselves from perceptual imagery , 
they orten operate with images of a more generic nature; I will 
call these images "pure shapes.·· They have lhe advantage of being 
simple, hut possess properties of their own, nOI necessarily appli
eable to the faels lO which the coneepts are applied. Mathemat ical 
concepts, for example, are handled independently of practical 
situations. This raises the question ofwhat kind ofperceptual model 
is best suited to sustain them al their more abstraet leve!. It also 
means that they are liable to neglect aspects or quantitative or spatial 
relations considered vital under certain cultural conditions. To these 
I shall refer first. 

N umbers refiect lije 

Thoughtless and inappropriate behavior can result when a situation 
is handled only in terms of the quantities it contains. For example, 
in order to decide how many persons can be accommodaled 
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in a ccrtain place. factors other than the purely numencal relation 
between customers and facilities have to be considered. Two half
time teachers may not add up to a fuIl-time teacher. The working 
hours from eighl to IWO o'dock cannot be equated with those from 
two to eighl. The Fourth spalial dimension does not relate to the 
third as the third does to the second. And so forth. 

Max Werlheimer, in a study of numbers and number patteros, has 
illustrated Ihe differences between quantities in practical exper
¡ence and their correlates in pure arithmetic. A family, a team, a 
herd are nOl Ihought of as a sum in which each element can take the 
place of the other or which is changed only in quantity if sorne units 
are taken away or added. Each member has its particular function 
in the whoJe. This function changes when the number of the total 
group changes and depends on which member is los! or added. 
Each numerical change alters the structure of the group. Therefore, 
the statement 5 - I = 4 does not refer to identical situations when in 
one farnily thc Father dies: in another, an infant. 

A pair (of eyes or shoes or mates) is not simply a quantity of 
two. but a symmetrical structure that is violated when the number 
is diminished, and submerged when it is increased. A face with three 
eyes is nOl a face with more of the same. One horse + 1 horse = 2 
horses: 1 man + 1 man = 2 men: but 1 horse + I man =a horseback 
rider. 1 n so rne so-called primitive languages it is not possible to use 
Ihe word "mother" in the plural. There can be only one mother; two 
mothers do not add up. Similarly, under certain conditions it is nol 
possible to combine disparate objects or numbers of disparate 
persons: your two children and his three children may nOl add up to 
five. 

Particularly at early stages of cognitive development, the mind 
deals with quantities in their natural dependence on the contexts 
from which ¡hey are taken. Is it psychologically sound to introduce 
young children in the primary grades to the mathematical notion 
of seis by telling them that any odd things at all can be grouped 
together in a set? For example, the Educational Research Council 
oF Greater Cleveland, in its guide for the primary schooJ teacher, 
stresses the point that "the Battle of Waterloo. the sun, and the 
number Iwenty-three" make a perfectly good seto Edwina Deans, 
in a booklet on elementary school mathematics, says: 

A "set" is a well-defined collection of objects which are not necessarily alike 
in any way ; for example, a ¡riangle, a square, and a circle: and a balloon, a cart 
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and a jump rope. In each example Ihere are three Ihings. The objects of one set 
can be malched one-to-one wilh Ihe objects of the other. The triangle can be 
matched with lhe balloon, Ihe square with the can, and Ihe drcle wilh Ihe jump 
TOpe 10 show Ihat these are equivalent seis. 80th have the same cardinal se!. 

It may be true that pure quantity is most drastically illustrated 
by groupings of thiogs that have nothiog io common but quantity. 
In the examples just cited, however, the children are oot pre
seoted with pure quaotities, which, as I shall show io a moment, 
would give them no trouble. lostead, they are faced with groups io 
which practical daily-life relatioos are not absent but absurdly 
offended and which even lo the mind of the adult have the surrealist 
Havor of Lautréamont's famous saying: "Beautifullike the acciden
tal meeting of an umbrella and a sewing machine on a dissection 
table." Here again we TUO into the tendency to define abstraction as 
the ability to violate the natural order of things. Are the conse
quences harmless educationally? The child is told, on the authorily 
of his teacher, that t.he natural bonds and meaniogs of Jife are oot to 
be respected. Systematíc traioing in alienatíon duriog the very first 
school years may prepare sorne ofthe childreo for the spiri t of higher 
mathematics, to be mel, perhaps, in the distant future; it will not 
necessari ly help them to recoocile school with life outside. 

The absurdity of relation by mere quantity can be stimulating 
poetically. Here is a passage from Jacques Prévert's poem, Inven
raire: 

two Latín sísters three dimensions twelve apostles 
thousand-and-one n¡ghu thirty-Iwo positions six 
pans of the world five cardinal points ten years 
of good and loyal service seven capital sins two 
fingers of the hand len drops berore each mea! 
thiny days of prison of which fifteen in solitary 
confinement fi\le minutes intermission 

lo practical situations , the number of persons and objects appro
priate for certain purposes is actually a malter of constant atteotion. 
A time-hooored social rule prescribes that the persons invited to 
a dinner party should be fewer Ihan the Muses but more Ihan the 
Graces. In artistic compositions, numbers are not arbitrary. A 
sonata consisting of three movements or a temple front with seven 
columns has a center piece, which an even number of components 
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does not provide. Two saints , one at each side of the Madonna, 
make for a formal panero reftecting a hierarchic concept, whereas 
an uneven number of attendants produces a more lifelike crowd 
scene. The 5-7-5 syllable form of the Japanese haiku poems makes 
the second line the center of a vertical symmetry and also produces 
an open, more dyoamic sound structure than lioes with even 
numbers of syllables would. In the fairy tales in which the youngest 
son succeeds there are always three brothers , because the repeated 
behavior of the two older ones is the minimum number needed to 
present the average way of behaving, overcome by the exceptional 
young hero. Four brothers would be redundant. Two would make 
for a closed, symmetrical group, which would present the duality 
of good and ev il . stupid and cJever, and so on. King Lear must have 
three daughters, no more, no less; and the Trinity needs three 
elements in order to represent intertwining 'rather than contrast. 

These stray examples are iotended to show that an inability or 
unwillingness to deal with the quantitative aspects of situations as 
mere numbers is nol simply a deplorable shortcomiog of backward 
people. More ofteo than not, such quantities are inseparable from 
their role and function in the whole of which they are a parto 

Qrwnlitiel' perceived 

Numbers are a relatively late acquisition of the mind. They are not 
necessarily the best instrument for describing, understanding, or 
dealing with objects or other situalions Ihat in vol ve quantity. Count
ing is preceded by the perceptual grasp of groups. which remains 
the only su itable approach for certain purposes. A painter may never 
count the figures or shapes he puts in a particular work; he deter
mines how many he needs by what the composition demands visu
ally. A child will draw a hand or a foot with as many fingers and toes 
as will make the pattero look right. He may know how to count, but 
in his drawing the exact number does nol matter or would even 
interfere with the visual order of the shape. Wertheimer notes that 
the number of ropes needed to sleady a ship's mast or the number 
of posts lo sel up the skeleton of a house are nOl necessarily known 
by counting bUI, among primitive tribesmen, more typically by the 
visual image of the constellation and its functions. A shepherd 
or team leader may know when his group is complete without know
ing the number of members or without counting them. The shape of 
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a geometrie figure or pattern of dots may be known, recognized, and 
reprodueed without any awareness of the number of elements it 
eontains. 

In many instances and for many purposes, the exaet quantity 
of elements is irrelevant. lean Piaget has shown that young children, 
when asked to eopy a figure made with counters, do justice to the 
shape of the figure without using the correet number of counters. 1 
mentioned in the last ehapter that the critena for what is acceptable 
as an exact copy vary greatly. A remark by Martin Heidegger may 
be relevant here, according to which it 'makes no sen se to assert that 
modern science is more exact than that of antiquity or that its way 
of apprehending existence is more appropriate. The Greek word, he 
says, from which "mathematics" derives refers to what man knows 
beforehand of the entities he contemplates and the things he dea1s 
with. Only when number is among the foreknown properties of 
things is a numerical mathematics applied to them. This particular 
predisposition does nol exist foc sorne approaches to knowledge, 
which must reject numerical exactness in the ¡nterest of their own 
kind of rigor. 

Four pistols are a meaningful number. but four grains of rice 
may not be "four" at all. bul rather "almost nothing," "hardly any 
rice left." We smiJe when a pedant or a simple soul who values 
things by quantity uses precise numbers where they are out of 
place, as for example. Leporello in his boastful inventory of his 
master, Don Giovanni's, exploits: 

In Italia sei cento quaranta 
In Almagna due cento e trent'una 
Cento in Francia. in Turchia novanfuna 
Ma. ma. in Ispagna sono gia mille e treo 

However, when in the gospel of Matthew, lesus asks Simon Peler: 
"Thinkest lholl that I cannol now pray to my Father, and he shall 
presently give me more than twelve legions of angels?" the reference 
to a particular number adds perceptual color to the statement and 
is understood nOI lo be laken literally. 

There are, then. two quite different ways of ascertaining a 
quantity ,- by counting or measuring, and by the grasp of perceptual 
structure. Of course, counting and measuring are also perceptuaJ 
operations, but they break down the st ructure of Ihe pattern to 
single units , so that the visual part of the opemtion is reduced to 
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recognizing these unit s one by one; or they fit the given quantity 
to sorne standard introdueed from the outSide. The other method 
consists in estimating and relating quantities by the perceptual 
inspection of an organized pattern. Sometimes this method aseer· 
tains exact numbers, such as when the eonstellations of pips on 
domino pieces are recognized, as ones, twos, or fives; more often 
it produces mere estimates of sizes. NeedJess to say, both proee
dures ha ve their place, 

Nllmbers tlS visible sllllpes 

Relations between numbers are particularly pure and clear-eut. 
There is great temptation in pure number. Ever siRce the Pythago
reans found simple numerical ralios for the musical intervaJs on 
the flute anJ on the string and applied them to the spatial distanees 
of the planetary system, thinkers and scientists have been in danger 
of forcing the faets of nature into numerical sehemes. Franeesco 
Sizi. a Florentine astronomer of the seventeenth eentury. argues 
as fotlows against Galilei's discovery of the Jupiter moons: 

There are seven windows in Ihe hcad, IWO nOSlrils. IWO eyes. two ears, and a 
mouth: so in che heavens Ihere are two favourable stars, two unpropitious. two 
luminarics. and Mcrcury alone undecided and indifferent. From which and many 
other similar phenomena of nature. such as the seven melals. etc., which it were 
tedious lo enumerale, we gather Iha! Ihe number of planets is necessarily 
sevcn . . 
Resides. the Jews and othcr ancient nations as well as modem Europeans have 
adopted Ihe division of the week into seven days. and have named Ihem fmm the 
seven plancls: now ir wc increase Ihe number of the planets Ihis whole system 
ralls 10 Ihe ground. 

In these cases the mind is unable or unwilling to face the faets of 
the primary siwation beeause a model of pure quantities imposes 
Jilferent demands. 1 t is a modelthat attracts the mind by its elegant 
simplicity. Although perceptual. it presents an "ideal" realm. 

Numbers are pereeptual entities, visual and to sorne extent tae· 
tual and auditory. This fact is of decisive importance for the teach· 
ing and Iearning of arithmetic. Educators who do not realize that 
numbers have a perceptual realm of their own relate arithmetic 
to "Iife situations" in order lo overcome Ihe "abstractness," sup
posedly so Jifficult for the untrained mind. Thus, in the SpeeiaI 
Training Unít of the army, designed for the educationally under-
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privileged. "a fictional character, Private Pete, is followed through 
his military career and the entire course is designed aJong a fune
lional leveL It has been found that men will retajn a great deal more 
jfthey are taught that one man had four apples and another man gave 
him four more apples so that the first man had eight apples. rather 
than 4 + 4 are 8." 

Whether or not this method is preferable depends on what the 
altemative ¡s. If otherwise the teaching of arithmetic would consist 
in the handling of mere speech sounds and written numerals, 
committed to memory by drill and subjected to mysterious, mean
ingless operalions, then indeed the Irainees, as any other sane 
person, would greet with relief any reference to comprehensible 
Jife situations. But the teaching of arithmetic by "practical exam
pies" is a double-edged device. This point has been vividly made 
in sorne of the more recent work on the subjecl. Marguerite Lehr. 
in her introduction to Catherine Stern's book on structural arith
metic, refuses to accept the assumption that "the actual number 
notion 'two' is a more difficult abstraction than 'red' or 'chair'." 
And she continues: 

When man worked so hard. through so many inadequate language forms. 10 gel 
rid of Ihe hampcring bond: /1,'0 /egs. two stones. when he pondered over two 
lions. a pair of boots. first mano second mano and finally recognized (>!lO in all 
ils richness and simplicity with its connotalions of order. size. and paUem. and 
its complete indifference 10 two wlwt?-why should we deliberately stan our 
children as if they were contemporaries of Ihose first savage tribes? 

The traditional approach of teaching arilhmetic by dressing up 
numerical problems as Jife situations becJouds the facts on which 
(he student is supposed to concentrate. Bul at least it does not 
confound the realm of nature with the realm of pure Quantities. 
lt limits itself to the Jife situatíon and charges the student with the 
task of discovering the numbers hidden in it and ignoring everything 
but the numbers. More serious trouble is invited when the realm 
of nature and the equally perceptual realm of Quantities are thrown 
together. This results in images consisting of incompatible elements, 
which undo each other. For example, the Arithmetic Project of the 
University of IlIinois has the children learo mathematics through 
"number line games." The number Jine is a horizontal decimal scale, 
drawn on paper and marked with numerals starting with O on the left 
and leadjng to 25 on the right. The child is told that there are "plus 
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crickets," which jump along the Jine from the len to the right. and 
"minus crickets." which jump loward the len. A "+4 cricket" 
makes jumps of four units each toward the right; a "-) cricket" 
makes jumps of three units each toward the len. In a typical prob
lem. "a +4 cricket begins jumping at 2 and makes five jumps: where 
does he end upT' This is (4X5) + 2 = 22, transJated into the new 
approach. 

The child may nol have too much difficulty with imagining a 
nonexistent cricket on a visible mensural scale. He may even man
age to distinguish between three-jump criekets and four-jump 
eriekets. He reaches the real hurdle when he is asked to under
stand the very feature for whieh the system was thought up. namely. 
the relation between plus and minus. He is expeeted to under
stand plus and minus by analogy to righl and len; but this analogy 
is false. Visual spaee in the world of eriekets and humans is iso
tropie. as far as the horizontal directions go. i.e., moving in one 
direetion is the mirror ¡mage of moving in the other. This symmetry 
exists in arithmetic only if one overlooks Ihe meaning of the terms 
"addition" and "subtraction." In the realm of purely formal manip
ulation the transposition can indeed be spatially symmetrical: 

3+4=7 

However. this is so only as long as one neglects the essential faet 
the child needs to understand, namely, that plus is neither a n~me 
for crickets nor a road sign but means adding something, and that 
minus means taking something away. No such differenee exists 
when somebody makes jumps in opposite direetions; and lO elimi
nate the differenee means to reduce a meaningful handling of quanti
ties lo a mere juggling of numerals. The task has been referred lO an 
inappropriate perceptual universe. 

Figure 56 

One more example, simpler and more drastic, may further iIIus
trate this poi nI. 1 n the Stanford Project for the teaching of mathe
maties in the first and second grades of elementary school. actual 
pictures of objects-balls, drums. cubes-are placed between 
braekets in the formulae of set theory (Figure 56). Now an adult 
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can inlerpret the drawing of a ball or a drum as an ideograph and 
may be able Iherefore 10 fil il with letters. numerals, and other 
signs into a unitary discourse. For a child. however. such a drawing 
shows a piece of reality and therefore should be contained not in 
brackets bul in a piclure of the shelf in the playroom. It is one thing 
lo illustrale Ihe concept of sel by groupings of aClual objecls; il 
is quite anolher lo pUl Ihe objecls in Ihe formulae. 

lt seems most urgent for educators to overeome Ihe notion that 
quantitative relations can be put in toueh with direcl perceptual 
experience only if they are represenled by practical objects of Ihe 
environment. Quantitative relations refer to a pereeptual universe 
of their own, which can be neither ignored nor cont radicted with 
impunily. They are best represented by a system of "pure shapes," 
e.g., in the form of Ihe well-known Cuisenaire sticks and Ihe mental 
¡mages {he sticks leave behind. 

Naturally, these sticks and images are highly abstraet when com
pared with the practical situations lo which arithmelic can apply. 
BUI children have no trouble envisaging and depicting abstrdct qua!
¡ti es. For instance, in their drawings they present the straighlness 
of legs by straight. parallellines, which do not exisl physically in Ihe 
human bodies they are portraying. Just as those lines depict Ihe 
abstract nature of st raightness directly, spontaneously, and naively, 
so a sel of wooden blocks can portray the abslractness of quantities 
perceptually. Man, in perceiving the complex shapes of nature , 
creates for himself simple shapes, easy on the senses and compre
hensible lo the mind. One function of these shapes is thal of produc
ing physical equivalents of non-mimetic images harbored by the 
mind-"abstract" paintings. sc ienlifie diagrams. arithmetical con
cepts. These objects and images, ahhough abstract with regard lo 
more complex situations represented by Ihem, are perceivable, 
particular entities, perfectly aceessible 10 Ihe mind of a child. The 
Cuisenaire Reporter may not be too far off the mark with the ob
servation: ''The power of making abstractions is al its peak in 
6-10-9-year olds." 

Adults whose lives have been coneerned entirely with practical 
situations may feel helpless when faced with pure shapes, because in 
spi te of their pereeptual immediacy these things are "nolhing" 
to them. They often have trouble with non-mimetic "modem" arto 
Children do nol. They take with ease to pure shapes, in art or 
elsewhere. 
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Quanlities are a particular variety of perceptual shapes. They 
are simple r lhan cireles and squares because they consist in exten
sion onl y, but al the same time are capable of an infinity of changes 
and combinations within thal one dimensiono It is lo [he magic 
and challenge of these transformations that children respond with 
delight. 

Me{mingles.~ slwpes nwke trollble 

Why then have so many children trouble with numbers? Why is 
there. in college studenls. so oflen afear of mathematics and aver
sion to il. which persisls through life? Catherine Stern answers with 
a devastating chapter, called A Barbarillll Merlrod 01 Teachillg 
Arithmeric. in which she reminds adults of how they would feel 
if lhey were confronted with a sel of what psychologists call noo
sense sy llables and an equally meaningless sel of visual signs, 
and if Ihey were invited to petform additions and subtractioos with 
them. More precisely. the words "addition" and "sublraction" and 
the operalions for which they stand would be equally unknown, 
and therefore lhe task would consist in learning Ihat if Ihose myste
rious signs are combined in certain ways. other signs are supposed 
to result. Since Ihere is no way of knowing why this is so. one would 
have lo memorize by mere mechanical drill which sign is supposed 
10 follow when which signs are connected. The combinations are 
many. and Ihe job of memorizalion is such as 10 make Ihe learning 
of Chinese characters look less forbidding. 

And yet. this is Ihe discipline to which the conventional teaching 
of early arithmetic subjects the learner. It is possible to teach a cap
live c1ienlele how to give lip service to numbers by memorizing 
combinations of their meaningless equivalents. Since numerals 
are visual and audible shapes. one can learn 10 recite sequences of 
Ihem. Just as one can reci te a hymn or a poem in a foreign language 
withoul understanding a word, so one can learn Ihat Ihree and four 
is se ven. BUI Ihe work is painful and slow; il contribules neither [O 
Ihe enjoyment of life nor 10 the training of inlel1igence. and it easily 
causes mistake!ó. 

A child who in a computation writes 71 instead of 17 commits 
what Mrs. Stern rightly call s "a bad error," that is. one due to lack 
of intel1igent participalion. The fault may be the child's own or that 
of the system by which he is taught. The reason for the error is clear. 
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As visual signs, 71 and 17 look exchangeable, like an object and 
its mirror image. There is little difference between them. especially 
not for a child who has still lo overcome lhe perceptual symmetry 
of righl and left. 

Children make such mistakes when they have been trained to 
operale at the wrong perceptual level. A good comparison can be 
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made here wilh the tones of the musical scale , which are called by 
various letters or speech sounds. c, d. e,f. g. (1, b. A person without 
any experience of music could easily learo this sequence of letters. 
He might also learo tha! e, e, g is called a triad and sounds good and 
steady whereas a combination of tl and b sounds squeezed and 
harsh. He may take the leacher's word for it and may even retain 
in memory what he has learned. But the sequence of letters from e to 
b is entirely without structure. except for being made up of separale 
entities. There is no discoverable logic to it: one ítem is no differenl 
from Ihe next. and therefore (he order is arbitrary. This is not true 
for Ihe musical sounds to which the letlers refer (Figure 57). The 
audible scale has a rising slope of pitch, which assigns a different 
heighl 10 each tone. These heighl differences are nOl equal. The 
scale is subdivided into Iwo tetrachords of IwO full tones and one 
half tone each. the first reaching, in the key of r, from e to f. the 
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second - after an interva l- from g to e:. This subdivi sion is overlaid 
by a different Slruelu re, namely, the triad, e, e, g, whieh supporls 
Ihe sea le as a skeleton. Within Ihis very eomplex pattern of pereep
lual rarees. each tone has a personalit y or its own, and the rel at ion 
between any two or three tones is unique in character. Only beeause ' 
of this struelural eomplexi ly of the diatonic scale . can Western 
music be derived from il. 
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The situation in arithmet ic is quite similar (Figure 58). Here . too , 

Ihe eyes and ears are presenled with a sel of signs lotally unrelated 
lo the slrueture of the pure quanlities whieh they name. The scale 
of those quantities eonsists of ten unils, and they, lOO, rise stepwise. 
The whole can be divided into lwo equal parts of five eaeh. Two 
kinds of quantily, even and odd ones, alternate. Sorne of the num
bers are indivisible. others are divisible in more than one way. None 
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of this shows in the set of numerals, whieh are nol portraits of 
quantities, let alone symbols. but merely signs. Sorne primitive 
languages do have ways of eounting that reftect the relations for 
whieh tbey stand. For exampJe, the Andamanese, who use a seale 
of five, eounl: Ooe, the olher, the middle one, Ihe last bul one, the 
Jast. 

The method first suggested by Maria Montessori and considerably 
modified and developed sinee ber time, introduces the ehildren to 
the pereeptual properties of the pure quantities themselves. The 
numbers are columns of different length. The horizontal dimension 
of space is used for the comparison and sequenee of the eolumns. 
Addition and subtraetion are complementary operations of putting 
together and tak ing away. The anatomy of eaeh number, instead 
of being hidden by a name, is first elucidated to the e)les and lhe 
hands of the child. Ten is I + 2 + 3 + 4-the beautiful order of the 
tetractys, whieh enchanted the Pythagoreans; but ten is also 5 + 5. 
and the two slructures cross each olher as the tetrachords and the 
triad do in the diatonic sca le of music. Even numbers can break 
in halL odd ones have centerpieces or left-overs. Differences 
between right aod wrong show up; mistakes visibly disturb the 
simple panero of the whole system. Counting. when needed. is 
on ly a means lo a perceivable end, and names are secondary labels 
for the quantities and operations to which they refer. 

The intelligence of the average child is easi ly caught by the chal
lenges, surprises, and satisfactions offered by the game of quantities. 
His behavior lea ves no doubt that he is in direct perceptual cantact 
with absorbing tasks. Any attempt al "vitalization" would ooly 
detract him from this experience. If the child were presented with 
a story about rabbits and cabbages, the thought of Ihose caplivating 
animals and vegelables would make it hard for him to extract the 
quantities. Bul once he has acquired arithmetical skills, he will 
proudly apply Ihem lo whatever practical occasion comes along. 
In the words of Catherine Slern: "We do nol fill situalions with 
numbers. We fill numbers with life.·' 

Numbers filled wilh life are ready lo be applied to any situation 
in which the reJations among quantities need to be cJarified. Often 
Ihe numbers are an impeccable model of these relations. If a farmer 
needs to find out how many cabbages four rabbits will eat if each of 
them eats two, he can safely reduce the practical state of affairs to 
one of pure quantities and solve the problem at their perceptual 
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leve!. The strueture of the more abstraet image resembles that of 
the less abstract one sufficiently. 

However,l have also mentioned examples in whieh pure numbers 
negleet vital aspeets of situations to whieh they apply. Su eh diffi
eulties ean arise when arithmetic or algebra serve as models for 
geometry. Numerieal relations may suggest incorreet analogies. In 
Plato's Mello, Soerates asks the hoy: If a square with the area of 
four square feet has sides of two feet length each, how long would 
the side of a square have to be if its area were lo be twíce as large? 
The boy answers that the side would have 10 be twice as long be
cause "a double square comes from a double line. ,. Here the model 
of quantity, which has only one dimension, namely. that of the more 
and less. bloeks the view of a two-dimensionaJ situation. The boy 
fails, nOl beeause he is thinking "in the abstraet" but beeause he 
abstraets from a different pereeptual situation. 

o. ....t 

Figure 59 

Algebra. just as arithmetie, has a thoroughly pereeptual basis. 
In fact. C. Gattegno's suggestion that algebra should be studied 
before arithmetie is psyehologieally sound. Pereeption relies largely 
on relations rather than absolute values. and generalities precede 
particulars in sensory experienee. The eolored Cuisenaire sticks 
represent relations among quantities; their absolute length is irrele
vant and readily transposable. 

However, when applied as a mere formula. algebra,just as arith-
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metic, can block Ihe understanding of geometry. Who would not 
sympathize with the folJowing remark of Jean~Jacques Rousseau 
in his Confessions: 

I never gOl far enough 10 lruly grasp the applieation of algebra 10 geomelry. I did 
nol like lhe way of operaling without seeing whal one is doing. and it seemed lo 
me Ihat lO solve a geometrieal problem by equations was like playing a tune by 
turning a erank. The first time I found by calculalion thal Ihe squareofa binomial 
eonsisted of ¡he squares of ils IwO parts plus Iwiee ¡he produel of ¡he IwO, I re
fused 10 believe il unlil I had drawn the figure. I had a great liking for algebra 
eonsidered as a mere abstraet quantilY: but when applied lO exlension I wanted 
10 see it operate on lines: otherwise I no longer underslood anylhing. 

A g1ance al Figure 59 shows immediately why the square of (a + b) 
is equal to the square of a plus the square of b plus twiee the ree
tangle abo BuI whole generations of students were taught the for
mula without the figure , because the lesson called for algebra. nol 
for geometry. 

Self-evident geometry 

Under debate here is not the difference between numerals and line 
figures. What matters is whelher or not a malhemalical operalion 
refers explicitly to a pereeptual patlem Ihat tells why the facts 
involved are Ihe way Ihey are. Geometry can fall short of Ihis 
requirementjust as much as can arithmelic or algebra. Schopenhauer 
vio lently denounced what he called the conjurer tricks of the 
Euclidean type of geometrical proof, in which, he said, the truth 
enters almost always by the back door and results from an accidental, 
rather Ihan essential circumstance. He objected to the auxiliary 
lines drawn for Ihe proof of the Pythagorean theorem: one does nOI 
know why they are drawn bul finds out afterwards Ihat they are 
traps which snap tight unexpectedly: they captu re the assent ofthe 
student, who is puzzled by having to agree lo somelhing that remains 
totally incomprehensible to him in its ¡nner context. 

This is an educalional matter of fundamental importance. H istori~ 
cally, il is perhaps besl iIIuslrated by the difference between the 
Greek and the Indian approaeh lo geometrical evidence. Hermann 
Hankel, in his history of mathematics. points out that as early as the 
fifth century B.e. Greek geometry refuses 10 rely on direct visual 
grasp. Instead, every proof is derived step by step from a few axioms 
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by a series of logically connected propositions. The geometricians 
of anejent India. on the other hand. rely explieitly only on one 
theorem. namely. Ihat of the square of the hypotenuse. Otherwise. 
every proposilion is presented as a self-contained faet , relying on 
il s own intrinsic evidence. Instead of presenting a sequence of steps, 
(he 1 ndian mathematician shows the relevan! figure , completed. 
if necessary. with auxiliary lines and offered with no comment other 
Ihan the word "Behold 1" The proof consists in the evidence visible 
within the given figure. 

) 

Figure 60 

Quite in general, early geometry tends to rely on perceptual sim
plicity. e.g .. on syrnmetry. The following example. taken from 
Hankel, may serve as an illustration. It seems Ihat the Indians. in 
order lO prove Ihat Ihe triangle based on Ihe diameter of the circle 
is always right-angled (Figure 60a), drew a line from the vertex of 
the triangle through the center of the cirele and arrived thereby al 
a rectangle (Figure 60b). located symmetrically within the cirele. 
By ils posilion in this rectangle. the vertex ofthe triangle was shown 
to be an angle of 90°. Behold! 

In Greek geometry also. the reliance on the simplicity of syrn
metricaJ figures can be seen in the sequence in which sorne of its 
di scoveries are likely lO have been made. The Pythagorean theorem 
was shown ñ.r~t for the isosceles triangle, later for other right-angled 
triangles of les s regular shape. The sum of the angles in the triangle 
was demonstrated lO be ¡8eY' firsl for the equilateral, then for the 
isosce les. and last for the scalene triangle. The Euclidean axioms 
are based on ¡ntuition: and I mentioned before that the early view 
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of the conie seetions as separate, independent entities eorresponds 
to the perceptual tendency towards simple shape. 

Perhaps il is worthwhile to point out here explicitly why mathe
maties ean be based on sensory experiences. This has sometimes 
been considered impossible because mathemalics deals with ideaJly 
perfect shapes. Perception, on the other hand, is unre!iable, as 
shown by the many optica! illusions, and can refer only to actual, 
physically given objects, which are always imperfecto However, 
physical objects must not be confused with the percepts derived 
from them. Their distortion or imperfection has no necessary bear
ing on lhe percepts. When a person reports that he sees a square, 
he is referring not to a physicaJ!y deficient specimen but to the pure 
shape of the perfect square, with which geometry is concemed. He 
sees a figure with truly right angles and truly equa! sides. Whether 
or not his percept is reporting faithfully on the particular physica! 
object that gives rise to it-if indeed the person is looking at any 
object at al1 while visualizing the square-is irrelevant, just as the 
imperfections of a figure drawn on the blackboard by a mathema
tician are irrelevant to the pure shapes he is discussing. The mathe
matician dea!s with If-Then propositions: "Ir this is a right-angled 
triangle and if these are the squares on its sides, then ... " If a per
son sees a Jine drawing as the Pythagorean figure, he can determine 
by visual analysis that the square of the hypotenuse equals the 
squares of the two other sides. 

Schopenhauer mistook perceptual evidence for ontological truth 
because, following Kant, he considered space the a priori condi
tion of all visual knowledge. But he was surely correcí when he 
insisted that geometrical demonstration must start from the direct 
visual awareness of the faet to be proven. The restructuring in· 
volved in the proof musl nol dismember the pattern by relying on 
elements that are nol genuine components of it. After all, il is Ihat 
original pattern about which enlightenment is sought. nol sorne in
dependent olher figure it happens to contajn as a foreign body in 
its bowels. The Indian demonstration I cjted earlier restructures 
the figure by transforming the diametrical hypotenuse into the diago
nal of a rectangle; but in the end the original triangle is slill visible 
in the cirele. 

This demand for a perceptua! base can hardly be invalidated by 
the increasing removal of mathematics from practical experience. 
The pure shapes constituting the perceptual basis of the operations 
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may beeome more and more abstraet, but the produetive work in 
the field will eont inue lo refer to that basis although the formal 
processing. needed to support the work, may nOL 

Sinee mathematies is so closely related to pereeptual evidenee 
it can arouse keen interest in unspoiled people. This is observed 
in the response of young ehildren to struetural algebra and arith
metic. It is equally true for the person of mature mind. If he is 
foreed to perform al a level at which the task can only be sol ved by 
memorized roulines. his reasoning will protesl or dry up. If instead 
he ean operale in such a way that pereeption invites comprehen· 
sicn. he will realize by his own experience why Bert Breeht makes 
his Galileo say: "Thinking is among the greatest pleasures of the 
human mee." 



13. Words in neir Place 

Thoughts need shape, and shape must be derived from sorne me
diurno Jusi as the physicist or chemist cannol conceive oC an aclion 
unless there is maller or energy capable of performing il, so the 
psychologist must find a realm of existence for thinking. This realm 
is nol necessarily consciousness. Thinking could be a purely phys
iological occupation of the brain. In fact, ir one assumes Ihat every
thing in the mind must have its counterpart in the nerVQUS system, 
one must expect the brain to contain the bodily equivalent of all 
the concepts avaiJable lO thinking as well as of al! the operations 
to which concepts can be subjected. In theory one could imagine 
the operations of problem solving or reasoning to be farmed out by 
consciousness to brain mechanisms nol represented in conscious· 
ness, JUSl as certain operalions can be entrusted to an electronic 
computer, and Ihe results would be delivered back to conscious· 
ness. Such a theory would have to be seriously considered ir indeed 
no traces of thinking could be discovered io awareoess. It would 
amouot to sayiog [hat thinking is unconscious. 

However. to cal! something unconscious is to make a purely 
negative statement. lt tells only what and where something is not. 
If, for example, psychoanalysis could say no more about certain 
processes than that they are unconscious it would have achieved 
little. AClually. psychologists have speculated about such proc· 
esses , either by treating them as analogies to possible conscious 
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happenings or by comparing them metaphorically with physical 
events. A physiological description might also be possible and will 
actually be indispensable sorne day. 

This holds true also for the psychology of thinking. Physiological 
descriptions of thought processes do exist, but for the time being 
the devices they present are hardly more refined lhan, say, the 
switchings in a railroad yard. When more adequate explanations 
are found of how concepts are formed and related in the brain, 
there will remain the task of showing how the variety of the con~ 
cepts themselves with al1 their individual characteristics can have 
their counterparts in brain mechanisms. It will nol be sufficient to 
show by whal physiological switching dog associates with cal; it 
will be necessary a1so to find the properties of the brain tissue rep
resenting the particular traits of cal and dog-tasks reserved for 
the neurology of the remate future. 

With a physiological explanation in abeyance, psychologists 
interested in lhe nature of lhought face a problem similar to that 
of electricity in physics. They know a good deal about what think~ 
ing does bul little about what it ¡s. Many of them have accepted 
this situation by asserting that thinking is what thinking does. Their 
experiments have been most valuable in indicating what kinds of 
task animals and humaos can perform. But for anybody who be~ 
lieves lhat psychology must do more than predict and control, a 
principal question remains. What are the mental shapes of thought? 

Can Olle lhink in wordl'? 

The answer I suggesled in chapter 4 was lhat concepts are per· 
ceplual images and lhat thought operations are the handling of 
these images. I tried to make il clear that images come at any level 
of abstractness. However, even lhe mast abstract among them 
must meet ane candition. They must be structurally similar (iso· 
morphic) to the pertinent features of the situations for which the 
thinking shall be valido The question arises whether verballanguage 
is such a sel of perceptual shapes. Are lhe sensory properties of 
word sequences , visual or auditory, such as to be able to reproduce 
the struclural features relevant lo a range of thought problems? 
This question amounts to asking: Can one think in words, as one 
can think in circles or rectangles or other such shapes? 

The answer cornmonly given is a1most automalically positive. 
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In faet , language is widely assumed to be a mueh better vehicJe 
of thought than other shapes or sounds. More radically , it is taken 
to be indispensable for thought and perhaps the only medium avail
able. Thus Edward Sapir says io his influential book on language: 
"Thought may be a natural domain apart from the artificial one of 
speech, but speech would seem to be the only road we know of 
that leads lo it. " 

Nobody denies that language helps thinking. What needs to be 
questiooed is whether it performs this service substantially by 
means of properties ¡nherent in the verbal medium itself or whether 
ir functions indirectly, namely , by pointing to the referents of words 
and proposilions, that is. to facts given io an entirely different me
dium. Also, we need to koow whether language is indispensable to 
thought. 

The answer to the larter question is " no. " Animals, and particu
larly primates, give clear proof of produetive thiokiog. Roger Brown 
has concluded that it is very clearly the character of the animal 
mind to abstract. Animals can respond to categories of things. aod 
they display "an astooishiog disregard of the unique object. ,. By 
means of their perceptual concepts, animals solve problems that 
look elementary if judged by human standards bUI have the striking 
characteristics of geouine productive thinking. Aoimals can con
nect items of their environment by relations that lead to Ihe solution 
of a given problem; they can suitably restructure a situation faeing 
them ; they can transfer a solution lO different, bUI structurally simi
lar instanees. And they do alJ lhis without the help of words. 

However, animal thinking may be inferior to thal of humans in 
one important respect. It may be limited lo coping with directly 
given situations. A chimpanzee uses his powers of abstract thought 
ingeniously for lhe practical purpose of eseapiog from an enc10sure 
or fashioning a tool. But there is no evidence Ihat he can think about 
how one could make a short stick longer if the problem does nol 
face him then and there. Experiments do telJ that a chimpanzee's 
reasoning is not strictly confined lo what meets his eye. He can turo 
around and gel from his den a blanket he wants lo use to retrieve 
an object outside his cage. But it is quite possible that he cannol 
detach his thioking from his irnmediate practical needs. In the words 
of Wittgenstein: "We say, the dog is afraid his master will beat him ; 
bul not: he is afraid his master will beal him tomorrow. Why not?" 

How man succeeded in overcoming this limitation need not con
cero us here. What matters is , first . that this independenee of human 
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thought is by no m'!ans necessarily a gift of language and, second, 
that it is not in itself an aspect of reasoning. Detached, theoretical 
thinking can function without words; and the ability to think about 
a remote question while silting al a des k or walking lhrough the 
woods concerns the organism's use of its cognitive funclioos, nOl 
lhe oatu re of these functions themselves. In many ways it is surely 
easier 10 think about something when one has the facts io front of 
one's eyes. although the stubborn presence of these facts can also 
hamper the freedom of thought. It is easier 10 playa game of chess 
with ooe's eyes on lhe board than lo play it blind, bUI il is equally 
lme that one may have to remove one's attention from a given par
ticular event in order to find the solulion of a problem. The nature 
of the cognitive operalions that constitute thinking does nol depend 
on whether the target of lhought is physically present or absent. 
The range, applications. and objectives of animal thinking may be 
severely restricted; bUI the feats that reasoning animals do perform, 
without the benefit of language, have the earmarks of genuine 
thought. 

Words QJ images 

Language. then , is nol indispensable to thought. but it helps. The 
question ¡s. in what way. Sinee language is a set of pereeptual 
shapes- auditory. kinesthetie , visual- we can ask to what extenl 
it lends itself 10 dealing with struetural properties. The answer 
mus! ignore the so-called mean ing of words, that is. their referents. 
They belong to a different realm of perceptual experienee. It must 
limit it self to the shapes of language. 

Suppose we asked what reasoning can be done with the shapes 
of music. I referred earlier lo Ihe intricate pattern of pitch relations 
in the diatonic mode of Western musie. A pentatonie scale divided 
into five equal intervals suggests a simpler level of thought. But 
even so-called primilive music is made dazzlingly eomplex by the 
interaction of structural variables. There are the many ratios of 
duration. the vanety of rhythms. the reJations between meJody 
and harmony, the ranges and sequences of intensity , the different 
timbres of inst ruments. To handle these intricate patterns calls 
for thinking that laxes the brain to its Jimits. Musical thinking takes 
place entirely within the formal resources of the medium ¡tself, 
although the content of musical statements is derived from. and 
appli cable too life experienee beyond the realm of the tones. 
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If one examines verbal language in this same way one finds its 
perceptual dimensions severely limited. To be sure, there is no 
dearth of sounds, noises, or rhythms; in fact, there are more of 
them in every known language than there are in most purely musi
cal systems. But, variety does nol guarantee slructure. The struc
tural aspects of speech pattems are quite Iimited. Words or word 
sequences can vary in length and rhythm; they are all composed 
of a limited number of elements, and they can produce assonances 
and other auditory and visual resemblances. However, these per
ceptual dimensions of language are struclurally so amorphous 
that nothing al all complex can be built of Ihem. Compared with 
even the simplest musical tune, the sound pattem of a poem is 
a largely irrational sequence of noises, sustained by sorne regular 
meter and by sorne phrasing of pitch and rhythm. This statement 
will sound offensively absurd if the reader fails lo remember that 
1 am lalking bere exclusively about language as perceptuaJ shape; 
about what comes across from the sounds or written characters of 
a language lo a listener who does nol understand a word of it. The 
point is that the sounds of language achieve their subtle beauty, 
order, and meaoiog largely by reference to the intended meanings 
of the words. 

The similarity of words based on common elements can be used 
for grouping. Rhyme lies similar words together; identical prefixes 
or suffixes create verbal categories. BUI the mere grouping of other
wise unrelatable sound pattems yields very ¡iHle structurally. Far 
example. the elementary grammatical difference between things 
and actions is nol depicted by the sounds of language, although 
language sounds can. of course be either static or dynamic in char
acler. One can teJl nouns from verbs by Iheir differenl sounds, bul 
Ibe distinction produces nOlhing bul lwo bagfuls of sound patterns 
of no further common or different meaning whalsoever. Similarly, 
tbe linear sequence of words in senlences is a clear-cut structural 
feature. but language makes IiUle use of it, ir compared wilh lhe 
musical structure of a melody. In certain languages, one can dis
linguish nouns from verbs by Iheir lacalion in Ihe sentence. But 
since nouns and verbs are nothing bUI lwo nondescript agglomera
tions of sounds. the purely sensory gain is negligible. 

Given so largely amorphous a medium, il is nol possible to think 
in words. unless one is satisfied with elementary statements such 
as: a sounds like b; or a comes always before b: or a takes longer 
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Ihan b. The human rnind needs better tools than that. 
It is true Ihat a certain type of cognitive operation can be carried 

out within Ihe language medium itself. but although useful it is 
hardly productive thinking. It is possible to leam that words which 
stand for certain concepts are related to each other in certain ways. 
One learos. for example. that ten minus seven is three. The learning 
can be done by routine drill. and the meaning attached to the con
cepts can be neglected or indeed unknown. Every time the stale
ment "ten minus seven" is fed into the system, "three" will tum 
up au tomatically . This sort of association requires no reference lO 
anything beyond the verbal material. It leads lo a system of storing 
and retrieval which makes information available. But the work can 
be done by machine and in vol ves no productive thinking. 

Language can supply information by what Kant calls analytical 
judgments. In such propositions. the predicate is nothing but a 
known property of Ihe subject and therefore simply explicates an 
aspect of the subject. The statement .. AII physical bodies have ex
tension" is analytical if extension is one of the properties by which 
physical bodies are defined. No foray into the world of experience 
is needed. Such analytical judgments can be produced in a purely 
verbal way if the word that stands for the subject has been asso
ciated by verbal learning with words standing for predicates. Sup
pose somebody tells me that Mrs. X, who lives in Kansas City, is 
looking for a psychiatrist. 1 know a Dr. Y, whose name is tied in 
my mind lo the information that he lives in Kansas City. lean 
therefore accommodate Mrs. X without going appreciably beyond 
Ihe real m of language. Bul the same help could be supplied by a 
suitably progf'dmmed sorting machine, which would retrieve the 
pattern of punched holes assigned to Kansas City psychiatrists. 
Assume now Ihat I were asked whether Dr. y is lhe kind of per
son likely lo establish good rapport with Mrs. X. This question will 
probably require what Kant calls a synthetic judgment, in which 
the predicale adds to the subject something not contained in its 
ve rbal definition. I must go beyond words to my experience with 
both persons and come forward with a relalion nOl previously es
tablished. For this problem. more nearly one of productive thinking, 
words as such are of little use. 

Purely verbal Ihinking is the prototype of thoughtless thinking, 
the automalic recourse to connections retrieved from storage. lt 
is useful bul sterile. What makes language so valuabJe for thinking, 
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then, cannot be thinking in words. It must be the help that words 
lend lo thinking while il operates in a more appropriate medium, 
such as visual imagery . 

W ordJ poi,,' lO perceprs 

The visual medium is so enormously superior because it offers 
structural equivalents to all characterislics of objects, events, rela
tions. The variety of available visual shapes is as great as that of 
poss ible speech sounds , but what matters is that they can be organ
ized according to readily definable patterns, of which the geomel
rical shapes are the most tangible illustration. The principal virtue 
of Ihe visual medium is tha! of representing shapes in two-dimen
sional and ¡hree-dimensional space, as compared with the one
dimensional sequence of verbal language. This polydimensional 
space not only yields good thought models of physical objects or 
events. it al so represents isomorphically the dimensions needed 
for Iheoretical reasoning. 

The hislories of languages show that words which do not seem 
now to refer to direct perceptual experience did so originally. Many 
of Ihem are slill recognizably figurative. Profundity of mind, for 
example, is named in English by a word Ihat conlains Ihe Latin 
fUl/dus, i.e., bottom. The "depth" of a well and "depth" ofthought 
are described by the same word even loday, and S. E. Asch has 
shown in a study on the metaphor that lhis SOr! of "naive physics" 
is found in {he figurative speech of the most divergent languages. 
The universal verbal habit reftects, of course, the psychological 
process by which the concepts describing "nonperceplUal" facts 
derive from perceptual ones. The notion of the depth of thought 
is derived from physical deplh; what is more, depth is nol merely 
a convenient metaphor 10 describe Ihe mental phenomenon bUI 
the only possible way of even conceiving of that notion. MentaJ 
deplh is nol lhinkable wilhout an awareness of physical deplh. 
Hence the figurative quality of all theoretical speech, of which 
Whorf gives {elling examples: 

I "srasp" the ·'thread" of another's arguments. but if ils ··Ievel" is "over my 
head" my allention may "wander" and "lose louch" wilh Ihe "drin" of il, so 
thal when he "comes" 10 his "poin!" we differ "widely:' our "views" being in
deed so ·'rar aparl" thal Ihe "Ihings" he says ·'appear" "muchO' too arbitrary, 
or even "a 101" of nonsense! 
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Actually, Whorf is much too economical with his quotation marks. 
beca use Ihe rest of his words, including the prepositions and con
junctions. derive their meanings from perceptual origins also. Of 
course , the non-visual senses cont ribute their share to making non
perceptual things thinkable. An argument may be sharp-edged or 
impenetrable; theories may harmonize or be in discord .with each 
other; a polilical situation may be tense: and the stench of cor
ruption may characterize an evil regime. Man can confidently rely 
on the senses [O supply him with Ihe perceptual equivalents of all 
theoretical nOlions because these notions derive from sensory 
experience in the first place. To put it more sharply: human think
jng cannot go beyond tt>e patterns suppliable by the human senses. 

Language. then. argues loudly in favor of the contention that 
thinking takes place in the real m of the senses. If so, what have 
words themselves 10 contribute? The answer to this question re
quires a short excursus on a more general problem of cognition. 

I lIt lIili\ 'e (lIld ifllellectllal cognition 

There are two kinds of perceptual thinking. which 1 will distinguish 
as inluitive and intclleclual cogni tion. lntuitive cognilion takes 
place in a perceptual field of freely interacting forces. Consider as 
an example the way a person apprehends a work of painting. By 
scanning the area encJosed in the frame. the observer perceives 
the various components of the picture , the shapes and colors and 
the relations between them. These components exert their per
ceptual effects upon each other in such a way that lhe observer 
reccives Ihe lotal image as the result of the interaction among the 
components. This interaction of perceptual forces is a highly com
plex field process. of which. as a rule. very little reaches conscious
ness. The final outcome does become conscious as the percept of 
the painting, organized in a certain way and consisting of shapes 
and co lors whose particular character is determined by their place 
and function in the whole. 

A great deal of thinking and problem so lving goes on in, and by 
means of, intuitive cognit ion. The thought mechanisms in percep
tion which. as I described at the beginning of this book. determine 
the size. shape. color, and so on, of visual objects. are interactions 
among field processes. The compositional order of a work of art 
is created and controlled in the same way. Productive problem 
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so lving in the sciences also relies on the restructuring of perceptual 
situations. on "synoptic thinking," as a German art educator re
cently called il. 

But there is another procedure, namely, intellectual cognition. 
Let us assume that an observer. instead of absorbing the total image 
of the painting intuitively, wishes to identify the various com
ponents and relations of which the work consists. He describes each 
shape. ascertains each color, and prepares a li sl of all of these ele
ments. He then proceeds to examine the relations between the 
individual elements. for example, the etfects of contrast or assimi
lation they have upon each other. Once he has collected all these 
data he seeks to combine them and thereby to reconstruct the whole. 

What has this observer done? He has isolated items and relations 
among items from the perceplual field in order lO eSlablish Ihe par
ticular nature of each. ln this fashion, stable and independent con
cepts develop from the more or less stable and more or less circum
scribed entities constitllting Ihe perceptual field. By gradually 
solidifying the perceptual concepts gained from direct experience. 
the mind acquires the stable shapes, which are helpful for con
sistent thinking. 

The components of intuitive thought processes inleract within 
a continuous field. Those of intellectual processes follow each other 
in linear succession. The person who tries intellectually to trace 
the individual relations that establish a work of art must lake up 
and connect them one after the other. Representative examples 
of intellectual thought processes are the stringing of concepts in 
verbal sequences, the counting or adding up of items. the chains 
of logical propositions in sy llogisms or mathemalical proofs. 

I cannal resist inserting here a quatatian which N. R. Hansan 
found in an eighteenth-century Latin treatise on the plants of $wit
zerland, written by the anatomist, physiologist. and poet. Albrecht 
von Haller. At the end of a sect ion describing the various species 
of ¡ilies. Haller explains that from there he could proceed in natural 
order to arrow-grass, rush , and sweetflag, using the anther as the 
basis of the relation; but that the natural arder wou ld ¡ead him 
equally well from the Iilies to the orchids, which have similar roots. 
lea ves , flowers, and fruits but quite different stamens. And he adds: 

Natura in reticulum sua genera connexit, non in calenam: homines non possunt 
ni si catenam sequío cum non plura simul possint sermone exponere. 
[Nature connects jts genera in a nelwork , not in a chain: whereas men can only 
follow chains. as they cannat present several things at once in their speech.] 
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Ir e 

Figure 61 

1 ntellectual operations are stepwise connections between fixed 
entities. Compare this with what happens when a person ascertains 
intuitively the size relations among the three men in Figure 61. He 
does so by inspecting the locations of the three within the total 
spatial patlern. If now. instead of looking al a picture, the person 
Is presented with the proposilions 

A is taller than B 
B is taller than e 
Therefore, A is taller than e 

he has 10 deal with two self-contained images thal must be combined 
somehow lo produce Ihe third. 

Artisl s speak disapprovingly of an " intellectual" procedure when 
Ihey notice that someone has introduced into his composition ele
ments thal owe their appearance lo operations performed oUlside 
of the perceptual field of the work. Geometrical conslructions, 
imilalions, tricks and formulae may produce foreign bodies, nol 
integrated intuitively in the whole, There is no necessary co nHict, 
however, between intuitive and intellectual cognilion. In fact. pro
duclive thinking is chamcterized. in Ihe arts and in the sciences . 
by the interplay between the free interaction of forces within the 
field and the more or less so lidified entities Ihal persist as invariants 
in changing conlexts. 
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Language assists the mind in stabilizing and preserving intel
lectual entities. It does this, for example, with the perceptual con
cepts thal emerge from direct experience. The generalities acquired 
in perception are embedded in the continuum of the visual world. 
The concept of tree rests on an endless variety of lrees of differenl 
color, shape, and size; il is found inherent in each lree but is nOI 
identical with any one specimen. Furthermore, the range to which 
such a type concept applies is nol cJearly confined but slides inlo 
that of its neighbors. Trees border on shrubs, vegetables blend 
with fruits, violas wilh violins, the Romanesque with lhe Gothic, 
Miss A with Miss B. Thought needs discrele types, and perception 
is geared to supply il, bul Ihe structure of the raw material of ex
perience does not furnish neal dichotomies, simple either-or's; il 
consisls of ranges , shades. gliding scales. 

Here language is helpfuJ. It supplies a clear-cut, díslinct sign for 
each type and thereby encourages perceptual imagery to stabilize 
the inventory of visual concepts. The universe of sound is ideally 
suited te supply these verbal label s. It is much less of a continuum 
Ihan the universe of sight s. On a background texture of noise or 
si lence jt can present nicely segregaled unils. Significant sound 
patlerns appear on Iheir foil, as wrilten or printed words appear 
clearly legible on empty paper. 

The universe of hearing furnishes an endless supply of meaning
less shapes, easily producible and reproducible in dail y life. Being 
crealed by man ralher Ihan offered by nature, Ihe sound shélpes of 
words meet, al leasl approximate ly, the conditions favoring dis
ciplined thinking. Each type receives ils unique. discernible signo 
Primitive though the perceplual variables of the verbal medium are, 
(hey are sufficient 10 help sustain the arder inherent in the sensory 
world. Words are like pointers thal single out significant peaks from 
Ihe unbroken contour line of a mountain range on the horizon. The 
peaks are not created by the pointers. They are given objectively: 
bUI the poiruers fortify the observer's urge to di scriminate them. 

The deli cate inftuence of language on perceptual thinking has 
been caricatured by (he one-sided approach of certain linguistic 
delerminists. They describe sensory experience as shapeless raw 
material, confined to a di sorderly variety of particular instances. 
No generalizalíon is said to be possible within perceplion itself. 
In an absurd reversal of what actually takes place. verbal concepts 
are described as a sel of given moulds to which the amorphous 
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raw material is fitted and which Ihereby impose order on Ihe chaotic 
reality we would face otherwise. Words are said to segregate one 
thing from the nex t, di scover símilarities and differences. establish 
gene ra. 

Early advocates of lhis extraordinary perversion are Johann 
Gott fri ed vo n Herder and Wilhelm von Humboldt in the eighteenth 
century. In our time. Ernst Cassirer and the línguists Edward Sapir 
and Benjamin Whorf have propounded Ihe Iheory more or less 
n1dically. Thc expe ri ence of sight , says Herder in his essay on Ihe 
origín of language " is so bright and over-resplendent , il supplies 
slI ch a quantit y of att rí bules, thal the soul succumbs 10 the mani
fotd ness." The visual world is " di spe rsed in infinite complexity." 
He calls the sense of visíon " loO subtle" because whal it tell s us 
is "confusíng <tnd e mplies our heads." Visiono according to Herder, 
"present s us with everything al once and frightens the novicc by 
Ihe infinile expanse of its simultaneit y." Sorne hundred and fifty 
ycars later, Cass irer echoes th is view by speaking oC the "rhapsody 
of perception." Whorf. in tu m, lell s us thal " the world is presented 
in a kaleidoscopic flu x of impressions which has 10 be organi zed 
by our minds-and thi s means largely by the tinguistic system in 
our minds." The wo rl d of sight appears as a colorfu l nightmare. 
trul y the invent ion of men of words. 

To Herder, human beings are distinguished from the inslinct
driven animals by what he call s Besollllelllleir , reflection. 

Man gives proof of reflection when the power of his soul acts so freely thal he 
can scgregate. if 1 may sa~' so. one wave in Ihe entire ocean of sensations which 
ru~hes through ull of his senses-segregate ¡l . stop il, direct his atlention 10 il. 
and be conscious of his attention. He gives proof of reflection when oul of Ihe 
whole drifting dream of images Ihal passes by his senses he can colleel himself 
in one momenl of wakefulness. dwell voluntaril y upon one ¡mage. observe il 
lucidly and more cal mi y and pick o ut for himself characteristics whieh show Ihal 
this i5 Ihe object and no other. 

And reflection, he asserls, is made poss ible by speech. 

Our Qwn contemporaries pUl Ihe matter more btunlly. " It is nol 
onl y in Ihe organization and art iculation of Ihe conceptual world." 
wriles Cassirer, "bul also in the phenomenal structure oC percep
lion itself-and here perhaps mos! strikingly-that Ihe power of 
lingui stic formation is revealed." And Whorf: "Segmentation oC 
nature is an aspecI of grammar. We cut up and organize the spread 
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and ftow of events as we do, largely because. through our mother 
tongue, we are parties lo an agreement to do so. nol because nature 
is segmented in exactly that way for all lO see." 

As an illustration of the Iheory. Herder describes how primitive 
man. confronted with a lamb-"white, gentle, woolly"-exercises 
his capacity for reftection by seeking a characteristic of the animal. 
Suddenly the lamb bleats. and lo! man has found the distinguishing 
traíl. "This bleating, which has made the liveliesl impression on 
his mind and which freed itself from all other properties of sight 
and touch. stood forth and ente red most deeply into his experi· 
ence - . Ah! You are the bleating one!' - and it remains with him." 
The notion that the visual characteristics of an object are incapable 
of being distinguished and remembered unless they are associated 
with sound and thus related to language. I have called the myth of 
the bleating lamb. 

WlulI Il'ords do Jor imllg<'s 

Although there is no reason to assume, with these thinkers. that 
tanguage is needed lo do (he work of perception. words do supply 
stabJe tags that commit sensory experience to acknowledging cer· 
tain types of phenomena. BUI language does more. Psychologists 
have pointed out that the words by which things are named are 
categories. Such naming. therefore. indicates lo some extent the 
level of abstraclness at which an object is perceived and oughl to 
be perceived. One can refer to one and the same particular crea
ture by speaking of an animal. a marnma!. a feline. a domestic cat, 
the cat Yoshi. The level of abstractness is nol chosen arbitrarily 
bul depends-al leasl in lhe speech of adults who master the lan
guage-on the degree of generality appropriate to a given situation. 
If Ihere are mice in the house. a cat is needed, no malter which one: 
but if Yoshi is wanted. no other cat may do. Now it is true that the 
leveJ of ahstraction al which an object or event is viewed shows up 
perceptually. There is a difference between seeing a suitcase as 
"something" obstructing passage and examining its features when 
one considers purchasing il. However. these distinctions of level 
in perception are rather subtle and tend to get blurred by ¡he fact 
that they all refer to one and the sameobjecl. Ifthe level ofabstract
ness is labeled by words. the speaker's thinking maintains it more 
firmly. 
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Words come in especiatly handy when a statement applies several 
levels of abstractness te one entity. "Lions are cals" -lhis requires 
me to see one and Ihe same kind of thing at tWQ levels, a possible 
bUl awkward thought operation. The verbal slatemenl helps by 
giving two different names to the two levels. It is true that. on the 
other hand. because of (he arbitrariness of speech sounds. the two 
terms "Iions" and "cals" do nol reflect the intimate kinship of their 
referents. but are simply two different noises. Here the visual image 
comes 10 the rescue. and il is precisely by making up for each other's 
deficiencies ¡hal the IwO media, verbal language and imagery. co
operate so successfully. 

Often language does bener than merely assigning an arbitrary 
tag to a kind of object. It can give to an individual or species a name 
Ihal indicates ils belonging lo a broader category. For example. 
by calling a group of animals " insects" one defines them as being 
i".\·ecta, namely segmented creatures. Many illustrations are given 
by Socrates in Plalo's parody of reckless etymology. the CrMylus. 
Socrales maintains. for instan ce. thal heroes are so called because 
they are born of lave. eros being contained in heros. To use a more 
serious. bul equally fanciful example: ir the moon had been Ihought 
of in antiqu it y as a 10m-off piece of Ihe earth. it might have been 
cal led Perdita, rather Ihan LUI/a, and Ihereby classified linguistically 
among the losl things mther than the shiny ones. 

By such categorical names, language can codify changes of classi
fication which an object undergoes in practice. The painler Georges 
Braque once observed: "A coffee spoon near a cup acquires al 
once a different function when 1 place it between my heel and my 
shoe. 1I becomes a shoehorn." Such a change of function is ac
companied by a definite perceptual restructuring: the stem of the 
spoon, for example. changes from a handle into a leve r. But the 
identity of the object. which nevertheless remains, is counteracted 
by the verbal distinction of coffee spoon and shoehorn. More in 
general, language helps to offset a tendency in perception to see 
things as pure shapes. Having been coined by practical needs. 
language tends to suggest functional rather Ihan formal categories 
and thereby to go beyond more appearance. lnversely, an art 
teacher, intenl on making hi s students see shapes rather than uten
sils. may try to reduce the effect of conventional names on their ob
servat ions. 

The sentence "Iions are cats" showed how linguistic statements 
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can strengthen the perceptual reality of relations that are theoretical 
rather than empirica\. The sentence poses two distinct entities and 
eonnects them by the spatial relation of inelusion: lions be long 
among the cals. 11 thereby helps to prepare the perceptual arena 
for a purely logical connection. This assistance is of great value 
since reasoning constantly relates things nOI thus related in the 
physical world of space and time. The statement "Alexander was 
a greater man than Napoleon" Ireats the two men as quantities, 
the one larger than the other. lt reHects a psyehological process 
thal is exceedingly difficult to describe because il connects per
ceptual images at two levels of abstractness. There are the images 
of Alexander and Napoleon, which are discontinuous, whalever 
particular form they may take. In addition. the relation will be 
represented by an image. such as Ihat of "Iarger than," which helps 
lo translate greatness into a perceivable comparison of size-a 
highly abstraet pereept, distinet from the images of the men, and 
yel at one with them in the Ihought on which the senlenee reports. 
The superordinate image of the purely formal relation of "size" 
differenee is somewhal hard lo maintain against the empirical con
ceptions of Alexander and Napoleon as organicaJly solid and em
pirically self-conlained, ¡ndependent entities. The verbal statemenl 
solid ifies the more precarious. more abstracI ¡mage. Wittgenstein 
has said thal "in a sentence a world is put together tentatively 
[probeweise zusammengestellt]. as an automobile accident is rep
resented with puppets. etc., in a Parisian courl of law." This puppel 
show is encouraged when the theoretieal relation is represented 
in the tangible medium of language. 

The imagery ollogicallinks 

Language turos out 10 be a perceptuaJ medium of sounds or signs 
which. by itself, can give shape to very few elements of thought. 
For the rest it has lo refer to imagery in sorne other medium. Ob
viously. this must hold true for all the parts of verbal statements, 
not just for sorne; they all need a mental realm to ex ist in. What 
about concepts that do not refer lo physically tangible things? It 
is easy lO lhink of images representing "house" or "struggle" or 
even relations between physical objects, such as " Iarger Ihan" or 
"included among." But what about "if, because, like, aJthough, 
either-or"'? These are conjunclions and prepositions menlioned 
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by Freud for a very similar purpose. Being concemed with the 
so-called dream work, which has to give sensory appearance to the 
underlying dream thoughts, Freud raises the question of how the 
important logical links of reasoning can be represented in images. 
An analogous problem, he says, exists for the visual arts. There 
are indeed parallels between dream images and those created in 
art on the one hand and the mental images serving as the vehicle 
of thought on the other; bUI by noting the resemblance one also 
becomes aware of the differences. and these can help to charac
terize thought imagery more precisely. 

The principal difference is that thought imagery, in order to ful
fin its funclion. must embody all the aspects of a piece of reasoning 
since this imagery is the medium in which the thought takes shape. 
A dream or a painting, on the other hand. is a producl of thoughts , 
which an observer can try to extracl from the image by inlerprela
tion. A dream can suggest. Freud tells us, that one fact is the cause 
of anolher by simply making the episodes follow each other in time. 
lo doing so. however, the dream does not express the causal rela
tion: il merely implies it. jusi as the English language often omits 
the logical links and simply suggests the relation by sequence, Ihus 
leaving the reader with the task of supplying the connections. This 
is not possible in thought imagery. What is nol giveo shape is not 
there and cannot be supplied from elsewhere. 

Ir a dream depicts resemblance, identification. or comparison 
by rusing the ¡mages of several things into one it creates a cootra
diction between what is shown and what is meant and thereby poses 
a puzzle. In thought imagery. such a contradiction would be self
defealing. Similarly. if Raphael. to use Freud's example. assembles 
on a mountain top or in a hall philosophers or poets who never met, 
he shows a geographical community and lea ves il 10 the be holder 
to understand that these men belong together only in thought , nol 
in space and lime. Minotaur and centaur symbolize the meeting of 
beastly and human nature only for the interpreting spectator; as 
images they show two species of a fantastic zoology and oothing 
more. 

Thought imagery achieves what dreams and paintings do nOI 
because it can combine different and separate levels of abslract
ness in one sensory siluation. To repeat my example, it can leave 
the images of the empirical figures of Alexander and Napoleon un
related in time and space as the historical facts demand it. and over-
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lay this level of imagery with the more abstract one of "greater 
than," thereby connecting the two components ofthe thought with
out letting them blur each olher. 

It is not difficult lo become aware of the kind of spatial action 
to which conjunctions and prepositions point. Since they are theo
retical relations they are best represented by highly abstract, topo
logical shapes. 1 referred in an earlier chapt.er to the barrier char
acter of "but," quite different from "aJthough," which does Dol 
stop the flow of action but merely burdens it with a complication. 
Causal relations, as Michotte's experiments have shown. are di
rectly perceivable actions; therefore "because" introduces an ef
fectuating agent. which pushes things along. How different is the 
victorious overcoming of a hurdle conjured up by "in spite or' 
from the oscillation of displacement in "either-or" or "instead"; 
and how differenl is the slable attachment of "with" or Hof' from 
the belligerent "againsl." 

Lo.nguage overrated 

Language interacts with the other perceptuaJ media, which are 
the principal vehicles of thought; it is more than "the final label 
put upon the finished thought"-a view called naive by Sapir. By 
sanctioning and preserving concepts formed in perceptuaJ experi
ence, language influences the organization of thought. Of this in
fluence, the more radical formulations of linguistic determinism 
have given a crudely one-sided account. They maintain that the 
vocabulary and grammatical makeup of a language creates the 
worldview oflhe people who use il. In the words of Humboldt: 

Man lives with his objects chiefly-in fact. since his feeling and aCling depends 
on his perceptions. one may say exclusively-as language presenlS Ihem 10 him. 
By the same process whereby he spins language oul ofhis own being. he ensnares 
himself in il; and each language draws a magic circle round Ihe people lo which 
il helongs. a circle from which Ihere is no escape save by slepping out of il inlo 
anolher. 

1 n such statements, the doctrine seems to derive its impetus from 
an introverted need to view the human mind as the creator of (he 
outer world. It could not otherwise ignore the obvious question 
of how a language carne to develop a particular vocabulary and 
grammar in the first place; nor would it transfer characteristics of 
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language so confidently to the mentality of the people who speak 
it , without a shred of independent evidence indieating (hat lhe non
linguistic behavior of the population does in fact parallel the idio
syncrasies of their forms of speech. It is quite possible that the 
Wintun Indians, who, as Dorothy Lee reports, make no distinction 
between singular and plural , "recognize or perceive tirst of all 
humanity. human-being-ness, and only secondarily the delimited 
person." There is increasing evidence. arter all. that human cogni
tion starts with generalities and differentiates them only in the course 
of its development; however. this is equally true for cultures whose 
languages distinguish singular and plural carefully. lt is quite 
another matter to conclude (as does Dorothy Lee) from the one
dimensional character of a medium such as language that its users 
view the world one-dimensionally: 

The people of Ihe Trobriand Islands codify. and probably apprehend realily. 
nonlineally in COnlr8s1 10 our own lineal phrasing. Basic 10 my investigation of 
the codification of reality on these IwO societies. is the assumption Ihat a member 
of a given society not only codifies experienced reality through Ihe use of Ihe 
specific language and other patlerned behavior characleristics of his culture. bUI 
that he aClually grasps realily only as il is presented 10 him in his codeo 

In such a view. perception and thinking tit preordained patterns 
of codification passively. Also all mental reaclions of an individual 
or group are assumed to be identieal in structure. ActuaJly, the 
mind is oot so homogeneous; the facts are less simple. To mention 
jusI one example, Mareel Mauss observes that in Polynesia and 
China a rigid division of the sexes regulates all aspeets of social 
life. such as the assignment of kinds of labor or the possession of 
goods; yet the languages of these cultures have no distinction of 
gender. Having grown up myself with a language that distinguishes 
Ihree genders, 1 have no indication thal the world 1 saw was in any 
way pervaded by a corresponding triple sexuality. Atable looked 
no more masculine than a clock did feminine: nor was a maiden a 
neuter because Miidcllell was. And in moving to an English-speak
ing country I observed no ehange in this respeet in either myself or 
in olhers. 

In order lo evaluale the importanl role of language more ade
quately it seems to me necessary lO recogI1ize that it serves as a 
mere auxiliary to the primary veh icles of Ihought. which are so 
immensely better equipped to represent relevant objects and rela-



244 WORDS IN THEIR PLACE 

tions by articulate shape. The function of language is essentially 
conservative and stabilizing, and therefore it also tends, negatively, 
to make cognition static and immobile. 1 mentioned in an earlier 
chapter that type concepts come in two forms. They either crys
tallize into one particular, simple and well-shaped pattem, or they 
cluster around this center a range of varieties covered by the con
cept. The first is more convenient for classification, identification, 
communication, whereas the second is needed for broad, flexible, 
truly productive thinking. The first, however, is the one favored 
and supported by language since the verbal name is a fixed label 
and therefore tends to strengthen an equally fixed concept. The 
word "triangle" suggests an equally definite ¡mage. 

Fortunately, the stereotyped thinking that the names of things 
advocate does not always prevail. But words can help to freeze 
notions, with the harmful effect illustrated by Whorfs famous ex
amples of faulty thinking, which cause dangerous accidents. His 
interpretations of the examples mislead when they suggest that the 
meaning residing in the verbal names is to blame for the faulty 
handling of the corresponding objects. Ir. for example, the word 
"empty" has two meanings. one referring to a container no longer 
filled with what il is ¡otended to hold. the other to the absence of 
any content whatsoever. the difference in meaning clearly origi
nates and persists in the perceptual ¡mage of the container. Which 
image dominates depends on the context in which it is used. A per
son concerned. for example. with "exhausted supplies" will view 
emptiness in the former sen se, whereas somebody intenl on clean
liness. Le .. the absence of undesirable substances. will view it in 
the latter sense. None of this requires the help of words, but if a 
given version of an image is consolidated by a word of fixed defi
nition it may persist more stubbornly in an inappropriate situation. 

A lisl of concepts for which the English language has no "familiar 
or generally understood" words has beeo assembled by James 
Deese. I cite a few: 

Sources of iIIumination 
Things thal change size and shape 
Pans of Ihe body (including organs. limbs, ele.) 
Corpses of planls 
Al! of Ihe suñaces of a room 
Animale beings wilh legs 
I nanimale objects with legs 
Things 10 sil on. 
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lf the reader will try these categories on himself, he will find that 
some of them have a firm perceptual basis even though no name is 
available. Take lhe last example: "Things to sit on." Years ago, 
E. G. Sarris made experiments on what is "chair" to a dogo A dog 
had been trained to jump on a common, everyday chair al the 
command of "Chair!" lt turned out that he obeyed the command 
for any object, ifhecouldjump on it, liedown on it, and look around, 
regardless of the object's significance for human beings. In cases 
such as Ihis, Ihe common perceplual basis ofthe category is strength· 
ened by the functional kinship ("things tojump on") and facilitated 
by the absence of contradictory categories (a suitcase will be more 
acceptable as a "chair" to a dog than to a man). A category such 
as "parts of the body" is not easily formed because ofthe functionaJ 
difference between limbs and internal organs. The same is true for 
the difference between walls, ceiling, and Hoor. lf a categorical 
image is difficult to obtain, one cannol simply blame it on the ab
sence of a verbal name; more probably the word is missing because 
the coocepl has nol beeo formed in experieoce. lt is true, however, 
that an individual is more likely to draw a concepl from his experi· 
ence if the language he has leamed calls for jI. 

Al best, the relation of words lo their meanings is precarious. Be
ing stable and permanent signs, words suggest that their meanings 
are equally permanent. This, however, is obviously nol so, although 
Susanne K. Langer majntains that one of the salient characterislics 
of true language is that its elements are words with fixed meanings. 
Actually, words have different connotations in different contexts 
and for different individuals or groups. As a currency of thought they 
are hardly more reliable than coins would be if their value changed 
unpredictably from hour lo hour, from persoo to persono Philoso
phers and scientists constantly struggle with the verbal shells which 
they must use to package their thoughts for preservation and com· 
munication. Should they keep a familiar term and try to invest 
it with a new meaning, at the risk of seeming 10 use a concept they 
have abandoned? Should they coin a new lerm? AII this trouble 
arrives because words, as mere labels, try to keep up with the live 
action of thought taking place in another medium. "The birth of a 
new concept," says Sapir, "is invariably foreshadowed by a more 
or less strained or extended use of old linguistic material." This 
strain of birth exisls primarily in the medium of thought itself. 1t 
comes about because the structure of the matter under scrutiny, 
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to which the mind clings. is put under stress by the new, more 
appropriate structure imposing itself. The struggle against the old 
words is only a reRection of the true drama going on in thought. 
To see things in a new light is a genuine cognitive challenge; to 
adjust the language to the new insight is nOlhing more than a bother
some technicality. Eric Lenneberg has stres5ed this point by assert
ing that "words tag the processes by which the species deals cogni
tively with its environment." Since lhese processes involve constant 
change, the referents of words cannot be said to be fixed. 

The effecl of IinearilY 

Intellectual thinking. I said earlier. strings perceptual concepts 
in linear succession. Caught in a four-dimensional world of sequence 
and spatial simultaneity, the mind operates. on (he one hand, intui
tively by apprehending the products offreely interacting field forces: 
on the other hand. it cut s one-dimensional paths through the spatiaJ 
landscape intellectually. Inlellectual thinking dismantles the simul
taneily of spatial structure. I t also transforms alllinear relations into 
one-directional successions-the sort of event we represent by an 
arrow. Equality, for example, which can be a state of symmetrical 
interaction between two entities to the eye-twins sitting on a 
bench - is transformed by inlel1ectual lhinking into the sequential 
event of one thing equating itself with another. An equalion is first 
of all a slatement about a one-dimensional operation of one thing 
upon another: only secondary contemplalion can transform it into 
an image of symmetrical coexistence. 

Verbal language is a one-dimensional slring of words because 
it is used by inlellectual thinking 10 label sequences of concepls. 
The verbal medium as such is nol necessarily linear. Artisticatly. 
several strings of words can be used at the same time. for example. 
in duets or quartets of opera. In fact. verbal sequences can be made 
entirely unlinear when a group of speakers. performing simulta· 
neously, shout isolated words al irregular inlervals. Words can al50 
be distribuled freely over the area of a painting or a book page, as 
in "concrete poetry." 

Language is used linearly because each word or cluster of words 
stands for an intellectual concept, and such concepls can be com
bined only in succession. Since words are not pictures but only 
signs. the spatial relation in volved in the slatement "Cherries on 
trees" cannot be depicted in the verbal phrase. which is a mere 
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enumeration of three concepts: cherries, on, and trees, Similarly, 
language can describe action only by nonaction, Susanne K, Langer 
has put it well: 

The transformation which facIs undergo when they are rendered as proposilions 
is Ihat the rclations in them are IUmed inlo something like objects, Thus. "A 
killed B" tells of a \i'ay in which A and B were unfortunalely combined; but our 
only means of expressing this way is 10 name il, and presto!-a new entity, 
"kill ing," seems to have added itself 10 the complex of A and B, The evenl which 
is "pictured" in ¡he proposilion undoubtedly involved a ,succe,s,\'ion of aCls by A 
and B, bUI not Ihe succession which Ihe proposilion seems lO exhibit-nrsl A, 
Ihen "killing," Ihen B. Surely A and B were simultaneous with each other and wilh 
Ihe killing. BUI words have a linear, discrete, successive order; Ihey are slrung 
one after another like beads on a rosary . , . 

The examples show that the sequences of intellectual eoncepts 
which language presents are often statements about an intuit ively 
perceived situation and can serve to reconst ruct that situation, 
The phrase "Cherries on trees" was derived by the speaker or writer 
from Ihe spatial image of an orchard and can be used to conjure up 
a similar scene in the listener or reader. " A killed BH ean evoke 
a scene of murderous action. In such examples, language serves as 
a bridge between image and image. However, Ihe linear nature of 
the connccting medium is not without effect on the images it sug
gesls. Although the image can supply the acl ion that cannot be 
direclly depicted by words, lhal evoked aclion tends lo remain 
linear. For example. simultaneous interaetion eannol be described 
in speech direct ly. and the etfect of such interaetion is difficult to 
convey by words. The classical discussion of this problem ean be 
found in Lessing's Lavkoon, a treatise on the limitations of paint
ing and poetry, Lessing argues that painting. concerned with shapes 
and co lon. in space, is equipped lo deal with objeets which eoexist 
in space 01' whose parts do so: whereas aetions, successions in time. 
are Ihe proper concern of poetry. Painting can depiet actions in· 
direclly through bodies. and poetry can desc ribe bodies indireetly 
through aetions, If poetry- and this ineludes all language-under
takes instead to describe a visual situation by an enumeration of its 
parts, Ihe mind is often unable to integrate these pieees in the in
tended image, Instead of citing Lessing's own examples, I wi ll take 
one from Ihe letters of Georg Christoph Lichtenberg. who, having 
gone to Ihe Ihealrc in London, attcmpted 10 describe 10 a German 
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friend how David Garrick performed Hamlet's reaction lO the ap
pearance of his father's ghost: 

Garrick, upon these words. throws himself suddenly around and in the same 
moment falls IWO or three steps backward wilh collapsing knees. His hat drops 
lo the floor; bolh arms. especially the len, are almoSI completely extended. Ihe 
hand is al the level of the head. the righl arm more benllhan the len and Ihe right 
hand lower: the fingers are spread out. and the mouth is open. Thus he stops. 
as though petrified. in a large bUI nOI excessive Slep. supported by his friends. 
who are beUer acquainted wilh the apparit ion and who fear he mal' fal!. lo his 
face horror is expressed in such a way that dread overcame me repeatedly even 
before he begao lo speak. 

This transcript by enumeralion is unlikely lO reconstruct in many 
minds Ihe image Lichtenberg saw. Therefore writers, relying intui
tively 00 the principie which Lessing formulated in theory , tend 10 

describe what is by what happens. They introduce the stati c inven
tory of a sceoe 00 the wings of actioo. This de vice performs the 
task of describing a situation by mean s congenial to language. 11 
traces linear connections across the state of affairs aod presents 
each of these partial relalions as a one-dimensional sequeoce of 
events. More imporlantly, il presents these sequences in a mean
iogful order. starting perhaps with a particularly significant or 
evocative detail and making the facets of the situation follow each 
olher as (hough they were the steps ofan argument. The description 
of Ihe scene becomes an interpretation. The writer uses the idio
syncrasies of his medium 10 guide the reader through a scene , jusI 
as a film can move the spectator from detail 10 detail and thereby 
reveal a situation by a controlted sequen ce. This technique is par
ticularly evidenl and effeclive in the very first sentences of a piece 
of fiction, in which the narrator calls up the introductory scene 
from nOlhingness by a series of select strokes. The firsl sentences 
of Henry James' TI/e Tllrn oJ the Screw are a masterly exarnple. 
As a less familiar illustration I will insert here (he beginning of 
Albert Carnus' story, The Adufterous Womafl. 

A housefly had been circling for the last few minutes in the bus. though the 
windows were closed. An odd sight hert . il had been silentl y f\ying back and 
forth on lired wings. Janine 10sI (rack of il. then saw it lighl on her husband's 
motionless hand. The weather was cold. The fly shuddered with each gust of 
sandy wind Ihat scralched againsl the windows. In Ihe meager lighl of Ihe wioler 
moming. with a greal fracas of sheet metal and axles. the vehicle was rolling. 
pitching. and makiog hardly any progress. Jaoine looked at her husband. With 
wisps of graying hair growing low on a narrow forehead. a broad nose. a flabby 
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moulh. Mareel looked like a pouling fauno Al each hollow in Ihe pavemenl she 
felt him joslle againsl her. Then his heavy torso would slump back on his wide
spread legs and he would become inert again and absent, with vacant slare. Noth
¡ng about him seemed active but his thick hairless hands. made even shorter by 
the Aannel underwear extending below his culfs and covering his wrists. His 
hands ..... ere holding so tight 10 a little canvas suitcase sel belween his knees thal 
they appeared nol 10 feel the Ay's halting progress. 

In the emply c10ud chamber of the reader's mind appears the one
dimensional track of the insect's flight, pacing (he narrow dimen
sions of the bus and animating the static hollow space with action. 
The wind is introduced not as an item of the scene's inventory but 
by lhe effect it makes. Constant features of the situation, such as 
the cold air, enler the stage at an appropriate point of the sequence, 
like an actor obeying his cue. A cont inuous action. such as the ex
ploils of the fiy, can be given three separate appearances, for three 
differenl purposes: the pacing of the confined space, the discovery 
of the contrastingly motionless hand, the demonstration of the man's 
insensitivity to touch. By selecting a few significant fealures and 
by describing them with a purposeful stress on some of their quali
ties . the writer presents the abstrae!. dynamic eomponents of his 
plot: the frantic struggle against confining walls. an observant 
woman. a man moved by nothing but his sense of possession. con
lacl wil hout communication. chill, a clumsy locomotion without 
progress. burdensome weight. Here then the perceptual evocation 
of a stationary situation is channeled into controlled scanning. 
This is oblained by imposing upon the potentially two-dimensional 
or three-dimensional medium of visual imagery the one-dimensional 
medium of language. Language forees the referents of the verbal 
statements into a sequence by acting as a kind of template. 

Needless to say. such a sequence of statements can serve at the 
same time to build up the whole stationary situation gradually, 
as brush strokes build up a painting. But one needs only to com
pare the effect of a painting on a somewhat similar subject, perhaps 
Daumier's Third CJass Carrillge, with the visual experience pro
duced by Camus' narration to grasp the fundamental difference. 

A pictorial image presents itself whole. in simultaneity. A suco 
cessfu l literary image grows through what one might call accretion 
by amendment. Each word, each statement, is amended by the next 
into something closer to the intended total meaning. This build-up 
through the stepwise change of the image animates the literary 
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medium. It is an effect beyond the mere selection and sequence of 
features. which I illustrated by the sample from Camus. Take the 
first stanza of Dylan Thomas'poem, On the Marriage 01 a Virgi": 

WakiJJ8 aJone in a multitude of ¡oves when moming's light 
Surprised in Ihe opening of her nightlong eyes 
His golden yesterday asleep upon the iris 
And this day's sun leapt up (he sky oul of her thighs 
Was mirdculous virginity old as loavcs and fishcs. 
Though the momen! of a miracle is unending lightning 
And Ihc shipyards of Galilec's footprints hide a navy of doves. 

The statement starts with "waking," pure aclion without a bOdy, 
and not before line five does the reader arrive at Ihe subjecl " miracu· 
lous virginity:' which tells who is-or. in faet was-waking. This 
openness of shape calling for closure produces the suspense of 
expeclation. by which the dynamies inherenl in the image makes up 
for lhe lack of coherence in the verbal signs. A direclly perceptual 
medium . sueh as musie. offers Ihis suspense in what is heard ntlher 
than indirectly in the mental imagery evoked by the stimulus. 
"Waking," an action without a possessor. is modified in the mean· 
time by "alone'" and then by " in a multilude of lo ves" - each amend· 
jng and enriching the ¡mage through gradual accrelion. Inversely. 
in "morning's light" we have a thing without aclion. immediately 
amended by the next word 10 "Iight engaged in Ihe aClion of surpris· 
ing." This swift and sudden animation of a thing by the ve rb thal 
follows it is the spec ifically linguistic effect on the image. which I am 
Irying to illustrate. "SlIrprised." " transitive verbo opens another 
long syncopation by pUlling the reader on the secnl of a needed 
objeet. which finally turns up in' ""his golde n yesterday." These 
demands for overarehing connections create tensions ¡hal kni¡ ¡he 
sprawling lenglh of verbal diseourse together. In the meantime, 
some of the perceptual relations inherent in the sOllnd patte ro 
of the words themselves beeome slrueturally meaningful by making 
conlact wilh Iheir rererenb: assonance connect~ "sky" with 
"'thighs" and "old"" with "Ioaves" and the parallel between the 
"mullitude of loves" of the first line and its religious equivalen!. 
"navy of doves."· in the las!. ties the stanza logether by both meuning 
and ~ound. Needless lo sayo non e of ull this eould take place if the 
sounds of langllage were nol in conSI"nl rusion with the images ¡hey 
evoke. 
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Ver!Jllll'erSIIS piclOria/ COIICeplS 

Since all media accessible lo the human mind musl be perceptual. 
language is a perceptual medium, Therefore it is nol useful 10 
dislinguish. among Ihe media of representation, languages from 
non-Ianguages and 10 do so by asserting that non-languages employ 
images whereas languages do not. A verbal language is a set of 
sounds or shapes. and as 5uch il is nOI enlirely withoul slructuraJ 
properties that ean be used for isomorphie represenlation. For 
example, language attribule5 individual signs to individual coneepts 
and desc ribes thoughl5 and experienees as sequential evenls. These 
eorrespondences are exactly as piclorial in principie as is the fae! 
Ihat in a drawing Iwo dogs can be shown as two separate line pal
terns or thul the phases of an evenl are represented in their proper 
sequence in a motion picture or stage play. On Ihe other hand. verbal 
language is 100 poorly structured 10 permit much representation by 
such eorrespondence. Therefore, il does mosl of its work by assign
ing labels to faets of experience. These labels are arbitrary, in Ihe 
sense in whieh a red light is an arbitmry traffie sign for stopping. 

Al! media of representation can rely on isomorphic and on non
isomorphic references. They are partly analogues, partly signs. 
In principie. there is no differenee in this respeet between verbal 
and non-verballanguages. The mOSI important differenee in practiee 
is one of ratio. In ¡he visual arts or in music. for example. strietly 
non-i somorphic references are exceedingly rare. In verballanguage, 
they do mos! of the work. A continuous gamuI of shapes leads from 
the leasl lO the most isomorphic media: it ineludes such intermediate 
feature s as onomatopoetic speeeh sounds, ideographs. allegories 
and othcr conventional symbols. To put verbal language in a elass 
of its own is misleading. 

It is not true. as I pointed out earlier, that verballanguage uses 
constant, standardized shapes whereas a pielorial language sueh as 
painting uses shapes of infinite individual variety. Of course, no 
two pictures of f10wers are alike. whereas the wordjlQwer persists 
unehanged. However. verbal language is not composed simply of 
words bUI. t1rst of all. of their meanings. As Sapir has said,lhe word 
"house" as a purely auditory. kineslhelie, or visuaJ percept is not a 
linguistic facI: "it is only when these, and possibly slill other, 
associated experiences are automatieally associated with the image 
of a house thal they begin to !ake on the nature of a symbol, a word, 
an elernent of language." Although the slandardized sound is a 
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part of any verbal concept, it is by no means its hard coreo It has 
no way of preventing the enormous variety of character and range, 
typical of concepts. Language offers no guarantee tha! concepts will 
ha ve the stability de si rabie for thinking and communication. 

Roger Brown has argued that the kind of mental image described 
by Titchener as the visual component of his verbal concepts would 
be ill-suited for respectable thought because they were capriciously 
individual. contained accidental components, and fluctuated unpre· 
dictably. Titchener's image of a cow - "a longish rectangle with a 
certain facial express ion, a sort of exaggerated pout" - relies on 
traits never mentioned in the definition of a cow. This is true, but 
the capriciousness of such images will be found in all concepts 
under similar condítions. A concept a person thinks about does not 
have the relatively stable persistence of an object he sees in front 
of him. The bunch of yellow chrysanthemums 1 am looking at is 
subject to all the fluctuations of grasp, attention, relation; bUI Ihe 
sturdy base supplied by the physical stimulus remains as long as 
I look. The mental ¡mage, not anchored to any such ¡ndependent, 
objective base. draws from memory alone. It is open to the onrush 
of Ihe experience of a lifetime. Therefore, any component ofthought 
must rely on context for precise identification. If an experimenter 
asks a persono or himself, what goes on in his mind when he thinks 
of "cow," the concept is caught in a vacuum or purely accidental 
context, and the result will be correspondingly capricious. But 
ask about the difference between a domestic cow and an elephant 
cow or think about the likely effect of cows on automobile traffie 
in India. and the ¡mage begins lo sharpen. 

The prolean nature of word meanings becomes painfully evident 
when an ¡nepl teacher asks pupils to look up eertain terms in the 
dietionary and Ihen write sentences eontaining them. James Deese 
reports on the results a teaeher of seventh-grade Eoglish obtained 
with the word citaste. One studeot, !indios that chaste meanl "simple 
in design" wrote: "The amoeba is a chaste animal"; others, using 
the word as a synonym of unstained or pure wrote: "The milk 
was chaste" or "The plates were still chaste after much use." This 
attractive nonsense carne aboul because lhe teachcr rorced his 
pupils to pick facels of a eoncept out of conlext. The words of the 
dictionary poiot to a random collection of such racets, and there is 
no way of using them correctly uoless one knows the context in 
which they belong. As soon as a concept is placed in a meaningful 
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proposition, the context will focus upon its relevant aspects. Defini
lions are particu!arly usefu! in nailing down the meaning of a concep! 
by faslening il to a trellis of relations. To be sure. even definitions 
do nol fixale the meaning of the concept "as such" bUI only in refer
ence to a particular conceptual framework. The zoologica! definition 
of cow has liUle bearing on the goddess Hathor oron Jean Dubuffet's 
painting, The Co", wirl, rhe 5l1btif Nose. 

Since any verbal concept is committed to one of its particular 
aspects by the proposition, definition, or other context in which 
il is used, ils visual nature is not different in principie from pictorial 
representation in drawing and painting. True, the part of the concept 
which the eyes can see directly is Iimited in verbal representation 
to an almost totally arbitrary sign or complex of signs whereas the 
visible picture contains more elements of portraya!. Bul Ihere is 
only a difference of degree between the verbal concept recfillillg 
lIIule and a particular piece of sculpture representing Ihat subject. 
BOlh percepts. the words and the bronze, are hung with mental 
associations beyond what is directly perceived. The statue. being 
much more specific, restrict s the range of pertinenl connotations 
more severely. It is much less adaptable. One cannot take pictures 
or pieces of pictures and put Ihem together lO produce new state
mcnls as easily as one can combine words or ideographs. Pictorial 
montages show their seams. whereas the images produced by words 
fu se into unified wholes. The shapes and color paneros of visual 
art form the particular image Ihat conslitutes the statemenl. The 
shapes of verbal language are tooJed for the mass evocation of 
¡mages. whose individualily is induced indirectly by the combination 
of the slandardized labels. 



14. Art and 1hought 

Thinking calls for images. and ¡mages conlaio thought. Therefore , 
Ihe visual arts are a homeground of visual th inking. This needs lO 

be shown now by a few examples. 
To treal art as a form of visual thinking may seem unduly cne

sided. Art fulfil1s other funclions. which are often considered pri
mary. It creates beauly. perfection, harmony, order. It makes things 
visible thal are invisible or inaccessible or born of fantasy. It gives 
venl lo pleasure or di scontent. None of Ihi s is denied here: buI 
in order to fulfill such functions a great deal of visual thinking must 
be done. The crealion of beauty poses problems of selection and 
organization. Similar!y. lo make an objecl visible mean s lo grasp 
ils essential traits: one can depicl neilher a stale of peace nor 
a foreign landscape nor a god without working out its character 
in terms offered by the image. And when Paul Klee writes in hi s 
diary: "1 create pour ne pa.\' pleurer: that is the firs t and last reason," 
it is evident Iha! Klee 's drawings and paintings could serve so great 
an artist and so intelligenl a human being as an alternale to weeping 
only by clarifying for him what there was lo weep abollt and how 
one could live with. and in spile of. this state of affairs. 

I nverse ly. so rne of the objectives attributed lO art are means of 
making visual thinking poss ible . Beauty, perfeclion , harmony, 
arder do serve 10 give a sense of well-being by presenling a world 
congenial lO human needs: but Ihey are also indispensable condi
lions for making a cognitive slatement dear. coheren!. comprehen-
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sible. Aesthetic beauty is Ihe isomorphic correspondence between 
what is said and how jt is said. 

ThillJ..illg in children's drawings 

Ir one wishes to trace visuallhinking in the images of art, one must 
loo k for well-structured shapes and relations. which characterize 
concepl s and their applications. They are readjly found in work 
done al early levels of mental development. for example, in the 
drawings of chjldren. This is so because the young mind operates 
with c1ementary forms , which are easily dislinguished from the com~ 
plexily of the objecls they depict. To be sure, children orten give 
only rough approximations of Ihe shapes and spatial relalions they 
intend 10 depicl. They may lack skill or have not actively explored 
the advantages of well-defined patterns. Also, children drdw and 
painl and model nOI only for the reasons that interest us here par
ticularly. They like to exert and exercise Iheir muscles, rhylhmically 
or wildly: they like 10 see something appear where nothing was 
beFare, especially if it slimulales the senses by strong color or a 
Hurry of shapes: Ihey also like to defile, to attack, lo destroy. They 
imilale what the y see elsewhere. AH Ihis leaves ils Iraces and keeps 
a child's piclure from being always a neat record of his thought. 

Yet we need nOI look far for demonstrations of our contention. 
Figure 62 is the picture of a horseback rider drawn by a girl of three 
years and nine months. lt shows lhe horse as a large oval and a 
horizontal line representing "what the man si!s on.·· The drawing 
is surely primilive when il is compared with the complexity of Ihe 
objects jt depicts. What matters more, however, is thal instead oF 
showing a mechanical. though cJumsy adherence 10 (he model 
Ihe drawing teslifies 10 a mind freely discovering relevan! slructural 
fealures of Ihe subject and finding adequate shapes for them in 
the medium of lines on Hat paper. The horse is no! characterized 
as such bul is abstracted 10 the level of an unspecific mount. a base 
sll staining the rudimentary man. One thing serves as a foil for 
¡he other. which jt encloses. But ¡his relation is too loase: il lets 
the liule man ftoat in ¡he oval. In order 10 give him a pedestal on 
which he can solidly perch, Ihe child introduces the baseline
which is nOI a piclure of the horse's back, bUI is support in the ab
st ract, although completely visual. 

The child 's statement. then. consists of visual concepts, which 
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Figure 62 

are demanded by direct experience bul depict the subject abstractly 
by sorne relevant features of shape, relation. and function. The 
drawing derives its form more directl y from the "pure shapes" of 
very generic visual concepts than from ttie particular appearance 
of horse and rider. It shows thereby what matters to the child about 
the theme of the mounted gentleman: he is enthroned, surrounded. 
supported. And although the picture is so highly conceptual. it 
springs entirely from intense observation of the sensor)' world 
and interprets the character of the model without straying in any 
way from the realm of the visible. 

Occasionally, a visual concept jells inlo a precise, almost stereo· 
typed shape , repeated with little variation in spite of diverse appli· 
calions. Figure 63 reproduces drawings of a six·year·old girl in 
which the Valentine heart shape is used to portray noses. brooches, 
a party dress . arms, wings(?). decorations of the crown, etc. The 
device. although somewhat conventional, display s all Ihe traits 
and functions of a concept. It is simply structured, easily grasped. 
It serves lO make understandable a number of different objects 
which resemble it sufficiently to be subsumed under it. This sub· 
sumplion creates a common category of noses. brooches. arms, 
etc. lt establishes a bit of order in a world of complexity. 
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Figure 63 

The selection and assignment of visual con~epts involves the 
kind of problem solvíng of which I ~ pÓke earlier as the intelligence 
of perception. To perceive an object means to find sufficiently 
simple, graspable form in it. The same is true for the representational 
concepts needed for picture-making. They derive from the character 
of the medium (drawing, painting, modeling) and interact with the 
perceptual concepts. The ~olutio n s of the problem show much 
ingenuity. Even in young children, they greatly vary from person 
to persono One may have seen thousands of children's drawings. 
bul one never ceases to be struck by Ihe inexhaustible originality 
of ever new solutions to the problem of how to draw a human figure 
or an animal, with a few simple lines. 

Thinking requires more Ihan the formation and assignment of 
concepts. It calls for the unraveling of relations, for the disclosure 
of elusive structure. Image-making serves lo make sense of the 
world. Figure 64 shows a balloon salesman drawn by a seven-to
eight-year-old. In his natural habitat a balloon man is a confusing 
spectacle. Pummeled from all sides by hi s unruly merchandise. he 
makes his way through crowds. moving his limbs as he bends down 
to a child. detaches a balloon, takes the money. The basic structure 
governing the man and his wares is by no means easy to see. A 
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Figure 64 

great deal of active exploring, involving more than the sense of 
sight. is necessary befo re the principIe of the matter is understood. 
Genuine thinking is also needed to find the best equivalent of thi s 
principie in the medium of two-dimensional drawing. In the child's 
picture aH confusion has vanished. The spatial arrangement eluci
dates the functional order. The man is shown as the central agenl by 
being placed in the center. What happens to the left and to the right 
of this rniddle axis is treated syrnrnetrically because no functional 
difference is intended between what the left and what the right are 
doing. The strings issue from the controlling hands as a family of 
evenly distributed radii. The balloons are circularly arranged around 
the central figure, indicating that they are homotypic, Le., that they 
have the same place in the functional whole. The background is 
emply, devoid of distracting accessories. The total composition of 
the picture is devoted lo clarificalion. It is not a rendering of any 
particular view of the scene the child actually saw but ¡nstead the 
clearest possible visual representation of a hierarchic setup. lt is the 
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final accomplishment of a long process of perceptual puzzling and 
wrestling by which the child's thinking found order in the observed 
disorder. 

Al higher levels of mental development the compositional pat
teros become more complex, and so do the configurations of forces 
discerned in the draflsmao's world and interpreted in his pictures. 
The divers in Figure 65 (Fronlispiece) were drawn by a somewhat 
older. EgYPlian child. Again one must bear in mind what the ehild 
is likely 10 have seen of such scenes. Only then can one appreciate 
the freedom with which the data of experience are transformed 
into an independent visual interpretatíon, exeeuted with the re
sources of the two-dimensional medium. In actuallife one can wateh 
the divers leave tbeir boats and disappear in the water. An under
water film may show them deseending. going about their business, 
rising again. BUI all tbese views are partial. Tbe drawing does better. 
lt presents a vertical continuum, tbe unbroken relation between 
what bappens aboye io the boats and below in the depths. one co
herent event showing all funetions and eonnections of the total 
process. Although entirely unrealistie. this view offers simple and 
direetly pertinent instruetion. In the universe of the fiat pieture space 
its visual logie is irnmedialely eonvincing and appropriate. 

The boats surround and support tbeir erews two-dimensionally 
without hiding Ihem partly from sight as they do "il" reality." The 
men holding the ropes are treated as rows of equals because they 
are homolypie, equal in function. The steersmen, who have a dif
ferent job, are distinguished in shape and color. The ropes are 
clearly Iraceable eonnections; they do nol interfere with eaeh other. 
except in one case, where Ihe crossing is demanded by overriding 
needs of spatial distribution. The even. blue foil of the water seis 
off the other eolors. whieh serve cJearly lo distinguish the men and 
the boats. The irregular placement of Ihe divers shows that they 
noat in unlimited space. as against the more static arrangement of 
the men in the boats. The figures of the divers explain with the ul
mOSI cJarity their holding on to the ropes, lhe atlachment ofweights 
and baskets, etc. 

I am describing these drawings as though they were diagrams of 
instruction , like maps or other informational material , because 
my task demands just Ihat. At the same time, of course, a beautiful 
drawing has qualities of arto It tells not only about diving; it also 
eonveys the "sense," the live experience of the event. This effect 
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is obtained by the aesthetic qualities of balance, order, and expres
sicn, the dominant regiment in the boats aboye, the swarming of 
the red figures below, the freedom of their floating and lhe weighti
ness of their bodies. However, al1 this is by no means alien to the 
visuallesson worked out and conveyed by the ehild. Here, as every
where else in art, " beauty" is not an added deeoration, a mere bonus 
for the be holder, but an integral part ofthe statement. Every aspect 
of the picture, informational or evocative, is in perfect fit with what 
the child understood, felt, and tel1s. 

The situations elucidated by visual thinking never coneern the 
ouler world alone. As the child grasps the characteristics of the 
diving situation, he also finds and clarifies in them elements of his 
own experience: being suspended , "dependent" (in the literal and 
figurative meaning of the word), immersed into forbidding darkness. 
but safely held from aboye, exposed to adventure and duty. in 
company and yet alone. After all. it must be this sort of affinity 
that makes a person take a cognitive interest in what goes on out
side his own business and that makes him want to hold and c1arify it. 

Figure 660 

Personal problems worked out 

This personal involvement can be much more explicit. Figure 66 
shows two drawings done at an interval of eight weeks by a seven
year-old gir! whose family had just moved to the United States. 
Having beeo al a very strict European school , she felt lost in the 
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more informal setting of the American public school; she carne home 
crying: "Nobody tells me what I should do anymore!" During those 
early wceks of distress. she drew the first picture. She portrayed 
herself Iwíce. as Ihe center figure in the top row and the one on 
the right underneath. She ís surrounded by three females wíth wildly 
outward-st reaming "American" haie her older sister, who liked 
the American school , a college student who gave her violín lessons 
and whose unladylike slacks shocked her. and Nancy, anolher 
American gírl. In the midst of Ihese cheerfully smiling figures. 
she presented herself, melancholy and weeping, with pathetically 
reduced hair. armless or locked in her protective jump rope. 

The second drawing was done when she had begun to make 
friends wilh her schoolmales in particular and Amenca more in gen
eral. The discrepancy among the figures has vanished. They are 
all alike and smiling. A compromise hair style display s good groom
ing but al so a per! flourish. and in lhree out of four instances the 
rape is no longer pcrmítted to confine the beaming head. The chi ld 
could nOI make these drawings without pinpoinling Ihe causes of 

Figure 66b 

her trouble. She observed in her environment the manifestations 
of painful exclusion and shocking Iicense and later the cheerful 
solulion. For these various themes she discovered the st riking 
pielorial formulae. By doing all Ihis . she made the various aspects 
of her worries and pleasures tangible and eomprehensible. She 
diagnosed and shaped her problem. aided by her sense of sight. 
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The working out of personal problems is evident in drawings 
and paintings done by patients in art therapy. Case studies, such 
as those published by Margaret Naumburg, offer examples of how 
the work in its early stages may depict lhe raw threat of "free~fl.oat
ing anxiety," often poorly defined. and how with ¡ncreasing elabora~ 

tion there emerge also indieations of the causes to which the threat 
is due. Toward Ihe end, the hostile power is sometimes seen as 
properly redueed. put in ils place. explained by its context. As a 
rule, the art work is only a part of the patient's guided effort to rid 
himself of his lroubles. There is psychotherapy, there is the mental 
wrestling going on day and night. and to sorne extent the drawings 
and paintings are on ly a reftection ofthese struggles and their resullS. 
Evidenlly, however. lhe fight is waged also within Ihe art itself. The 
effort to visualize and thereby to define the powers which the palienl 
vaguely faces and to discover lhe correet relations between them 
means more Ihan rendering observations on paper. It means to work 
out the problem by making il portrayable. 

Often the pictures and sculptures of adult patienls do nOI fu lfill 
their task as completely as do the children's drawings shown aboye. 
The children are amateurs like the adults. But with their unspoiled 
sense of form they can still put all aspects of shape and color tolally 
lo the service of lhe in tended meaning. In this sense. their work 
is like Ihat of the accomplished artist. In the average adult of our 
civilizalion, however-. the sense of form fades. rather than keeping 
up with the ¡ncreasing complexity of Ihe mind. His art work may 
contain elements of authentic expression -a woman hugging a chi ld. 
a monster glaring in the darkness-but otherwise he mainly te ll s 
a story as best he can. without conveying its intrinsíc meaning 
through the arrangement of the shapes and colors themselves. To 
the eye. such drawings can be confusing, misleading, and weak 
although they convey their message ideographically. by piclure 
language. 

Is it permissible to infer from what is known about imagery Ihal 
such art work will have its full impac! only if the perceptual pattern 
reflects the constellation of forces thal underlíes ¡he theme of ¡he 
picture? 1 am tempted to suggest that this is so. The direct percep
tual evidence. which is the mind's most persuasive source of knowl
edge. must display itself in the overall composition and in the 
organization of detail if the message of the picture is to act with 
Full therapeutic slrength. Otherwise the insight derived from the 
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art work might be expected to remain partial and indirect. This 
means lhat ideally art Iherapy should also be art education, geared 
to guiding the person nOI only to the clarification of subject maUer 
but 10 Ihat of its visual represenlation. Only when the picture speaks 
clearly lO Ihe eye, can il expect to do its best for the mind. In Ihis 
sense one can say Ihat Margaret Naumburg's "scribble" technique. 
which encourages patients to "create spontaneous free·swinging 
forms in curves and zigzag Iines upon a large sheet of paper," 
liberales nOI on ly the ftow of unconscious content bul can also help 
to recuperate the spontaneous sense of form from perceptually in· 
animate. constrained picture·making. 

Figure 67 

Cogniliw> operaliolls 

Genuine art work requires organization whieh involves many. and 
perhaps all oflhe cognitive operdtions known from theoretieal think· 
ing. I will give a few examples. Commonly in philosophical, seien· 
tific, or practical situat ia ns. a problem is solved firsl in a narrow, 
local range, which calls for modifications when the situation is 
to be treated in a larger context. Here is an elementary íllustratíon 
of such restricted thinking in drawing. Young children often place 
Ihe chimney obliquely ralher Ihan vertically on Ihe roof (Figure 67). 
The practiee makes good sen se if one views il nol jusI negatively 
as wrong buI posilively as a local solution of a spatial problem. The 
chimney rests on a slanted roof, and in relation to Ihis slant it is 
placed perpendicularly. This is indeed the only proper placement 
as long as Ihe problem is limited to its narrowest range. Only in 
Ihe broader framework of the total scene is the roof revealed as 
being slanted. Ihal is. divergent from the basic framework of spaee. 
The roof is nOI the firm plalform il appears to be in the narrow view. 
Therefore. in arder to obtain the stable position whieh the child 
intended to give to the chimney by plaeing it at right angles lO the 



264 ART ANO THOUGHT 

roof, the chimney must conform lO Ihe vertical of the larger space. 
This creates an awkward, wrong-Iooking relalion between the two 
neighbors, ehimoey and roef - a relation justified 'ooly when seeo 
io the broader contexl. 

Another basic cogoitive problem is that of interaetion: Al an 
early level of thought, things are considered as self-eontained enli
tieso There may nOI be any relalion between them. Just as young 
children will play next to each other but not with each other, so 
the figures in their drawings float in space, unconcemed with each 
other. When relalion is depicted, it does not indieate al firs¡ that ¡he 
partners are modified by it. In ¡he very primitive drawing of Figure 
62 the oval-shaped horse does not acknowledge Ihe presence of 

Figure 68 

the rider nor does the human figure seem to be modified by the 
function of ridiog. Only (he spatial placement tells that the relation 
between the two is something more than independent coexistence. 
Al a nex! step (he partners sacrifice sorne of their integrity in the 
¡nterest of (he ¡nteraet¡on. In Figures 68a and 68d, the legs are 
omitted io order lo solidify the interface between figure and support 
visually. But the partners do nOI yet invade each other. Figures 
b and e show a different solution. The partners are len unimpaired 
bul they interpenelrate. They form a closer visual unily but are 
unaffected by it. Eaeh is shaped the Wáy it would be by itself. with
out the presence of the olher. This creates areas that belong lo both 
partners and may be interpreted wrongly as showing transparency. 
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Instead they are unacknowledged coincidences. BUI the double oc
cupancy creates visual rivalry, and this conflict spurs the need for 
a more unified trealment of the problem. 

The clown on the elephant (Figure 68c) has assumed the profile 
position in deference lO his mount. In addition, however, he has 
given up one leg. To accept this sacrifice as legilimate requires 
a much stronger modification of early Ihought than did Ihe mere 
omission of the legs in Figure 68a and 68d. In early drawings, chil
dren easily ignore limbs: but to acknowledge their presence and 
to agree to the amputation nevertheless calls for a more radical 
departure from the primary image of the human figure. The child 
faces here. in a perceplually tangible and relatively neutral situation, 
the often painful problem of interaction: the part must be modified 
in Lhe ¡nterest of the whole: and the particular form and behavior 
of the part is understandable only through it s function in the whole. 
As a cognitive problem. interaction poses difficulties al all levels 
of theoretical thinking: as a problem ofinterpersonal relations. many 
people never truly succeed in solving it. 

In Ihe IWO more advanced drawings of a seated figure (Figure 
681 and 68g) interactioo leads to internal modification of the body. 
The rigid primary figure of the earlier drawings is now recognized 
as mobile in its joints or bendable. A reference to language may 
illuslrate how universally characteristic of human thought this dif
ference is. The so-called isolation method of language forms sen
teoces by the stringing logether of words which remain unmodified 
within themselves. The connections between the words are ex
pressed either by the mere sequence, as in Chinese. or by auxiliary 
words su eh as preposilions. e.g., the indication of the possessive 
case by the English of or the Japanese no. The inflective method, 
on (he other hand. modifies nouns, verbs. and other elements lo 
make the interaction between the components of a Slatement ex
plicitly visible. This method prevails in Latin and German. The 
terms ¡njlecrion and dedensioll derive etyrnologically from hendinc. 
Ahhough Sapir warns against the temptation of considering in
fleclive languages as "higher" than the isolating ones. a develop
ment from rigid ro flexible word shape can be observed. for example. 
in children: and $chlauch mentions that the inflected Indo-European 
language ··may have developed out of an earlier stage in which root 
words anu particles were loosely strung together as independent 
and semi-independent elements." 
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Characteristic of thought processes quite in general are also the 
confused or "ugly" transitional forms that come about when a 
person abandons a well-structured conception in arder to proceed 
to a higher. more complex and more adequate one. It is a reaction 
to the sort of risk a mountain cJimber takes when he lets go of a 
safe position in arder lo get to a more advanced place. Figure 69 
shows schemalically three ways of representing a house, typically 
found in children's drawings. Figure 69a, clearly defined and unim
peachable in itself. fails to indicate three-dimensionaJity and there-

[ID mm 

Figure 69 

fore lends to look unsatisfactory when demands become more exact
ing. Figure 69c is a new clear-cut solution. as perfect as the first 
bul with sorne differentiation of front and side views. Figure 69b 
iIIustrates one of the many intermediate forms of disorientation by 
which the draftsman gropes for the more complex solution of the 
problem. fOllowing vague hunches, applying structural fealures in
consequenlly. and making tentative stabs in this or that direction. 

The resulting disorder. though perhaps unappealing in itself. 
gives evidence of the searching mind jn actjon. The exploration is 
goal-directed and productive and therefore necessary and education
ally welcome. It must be distinguished from Ihe very different kind 
of confusion that results when the sense of form is interfered with 
by misguided leaching or other disturbances. This difference be
Iween productive and unproductive confusion can be observed in 
other areas of human ¡eaming as well. 

The simple shapes and color schemes found in the early drawings 
of children become more complex in all their aspects. Originally 
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• 

Figure 70 

they reRect the perceplual order which the human mind eSlablishes 
al an early age by straightening out the di stortions of projection. 
accidenlal aspects. overlapping. etc. However. as the mind grows 
subtler. jt becomes capable of incorporating the intricacies of per
ceptual appearance. thereby obtaining a richer image of reality. 
which suit s the more differentialed thinking of Ihe developed mind. 
This greater complexity shows up in Ihe art work of older children. 

In Ihe early drawings . the geometrical elements-circle. straight 
lineo oval. reclangle-are presented explicitly, although rarely in 
perfect execution. They combine 10 form human figures. animals. 
Irees bul retajn Iheir own shapes. A circle. an oval. four straight 
lines. properly connected. make a primitive figure. Soon. however. 
Ihese independenl unit s tend 10 fuse into more complex shapes. 
Figure 70. a "prehisloric animal" drawn by a nol quite five-year-old 
boy, is an impressive example. In order 10 perceive such a pattem. 
the mind employs it s usual procedure of organizing il in terms of 
simpler elemenls. which are suggested by the approximations 
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Figure 71. Rembrandl. Chrisl al Emmaus (1648l. 
Counesy. Musée du Louvre. Beklw: Figure 710. 



ART AND THOUGHT 269 

aClUally given. They, as well as the skelelon thal combines Ihem 
slruclurally, are nOI spelled out by Ihe drawing bUI pOlenlially 
conlained in il and discovered by the beholder. The effort of vis'ual 
lhinking needed 10 read such a pattern is correspondingly grealer 
<lnd sub ller. 

A h.\"lracl plltlem .~ in \·i.sual (lrl 

From thcsc beginnings, an unbroken' development leads 10 the 
accompli shments of grcat arto Perceplually, a malUre work reflects 
a highly differentiated sense of form, capable of organizing the 
various componenls of the image in a comprehensive composi
lional order. BUI Ihe intelligence of the artist is apparent not only 
in (he slruclUre of the formal pattern bUI equally in the depth of 
meaning conveyed by this pattern. In Rembrandt's Christ ar En¡
mallS (Figure 71), the religious substance symbolized by the Bible 
story is presented through Ihe interaction of two compositional 
groupings (Figure 710). One of them is centered in Ihe figure of 
Christ. which is placed symmelrically between the two disciples. 
This triangular arrangement is heightened by the equally sym
metrical architecture of the background and by the light radiating 
from Ihe center. It shows Ihe traditional hierarchy of religious pie
tures, culminating in the di vine figure. However, this panern is not 
allowed lo occupy the center of the canvas. The group of figures 
is shifted somewhal lO the lefl. leaving room for a second apex, 
created by the head of the servant boYo The second triangle is 
steeper and more dramatic also by its lack of symmetry. The head 
of Christ is no longer dominant but fitted into Ihe sloping edge. Rem
brandt's thinking strikingly envisages. in the basic form ofthe paint
ing, the Protestant version of the New Testament. The humility of 
the Son of God is expressed compositionally nOI only in the s light 
deviation of the head from the central axis of the otherwise sym
metrical pyramid of the body; Christ appears also as subservient to 
another hierarchy, which has its high point in the humblest figure 
of the grcup. namely, the servan!. 

Needless lo sayo thi s analysis covers only the barest scaffold 
of Rembrandt's painting. If one wished 10 do fuller justice to Ihe 
work of art. one would have to show how the theme is carried out 
in Ihe detail. What matters here . however. is that the basic composi
lional scheme, often considered a purely formal device for pleasant 
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arrangement, is in fact the carrier of the centr'dl subjecL It presents 
Ihe underlying thought in a highly abstr'dct geometry, without which 
the realistically told story might have remained a mere anecdote. 

The nature of visual thinkjng in art becomes particularly evident 
when it is compared with elements of "intellectual" knowledge, 
which. although legitimate constituents of the work. are imported 
into the visual statement from the oulside. J an Vermeer's Womon 
Weighi"g Gold (Figure 72) is identified in the guide book as an 
allegory : "The young woman weighs her worldly goods standing 
before a painting of the Last Judgment wherein Christ weighs the 
souls of men." The parallel between the two actions is indispensable 
for the understanding ofthe picture. However, Ihis is an inteHectual 
connection. not displayed compositionally. If one knows of the 
Lasl Judgmenl. one can compare Ihe subject matter of Ihe back
ground story with that of the foreground. AH lhe painter does to 
suggest the relation is to fr'dme the head of the lady in such a way 
as to place it direclly below (he figure of Christ. This relation. al
though close. is unspecific. The intellectual theme. however, is 
also expressed visually. The most conspicuous feature of the back
ground picture is the dark. rigidly verlicalledge oflhe frame. which 
descends in the very center of Vermeer's composition. This power
fuI shape takes hold of the woman's hand and suspends the hand's 
movement. By Ihis device the worldly scene of the foreground is 
arrested, while a light from aboye. slronger than the mundane 
glitter of the jewelry. causes the woman's eyes to clase. Here 
again. the basic compositional pattern spells out the deepest and 
central thought of Ihe work in great directness. The iconographic 
data add only a religious specification 10 the broader human theme. 

The foregoing examples have shown whal enables a work of art 
to be more than an illustration of a particular evenl or (hing or a 
sample of a kind of event or thing. An abstract pattern of formo 
or more precisely, of forces is seen embedded in the image. Be
cause of it s abstraclness, such a paHern is a generality. Through 
its particular appearance it represents (he nalure of a kind of Ihing. 
I have shown earlier Ihat in principIe this is lrue for all perception; 
bUI since Ihe objects of nature and also many artifacts were not 
made for the purpose of fulfiJling Ihis perceptual function. they 
carry visual form only impurely and approximately. Thcy ¡eave 
much lo the formative power of the observer. Works of visual 
art, on the other hand, are made exclusively for being perceived. 
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Figure 72. A Woman Weighing Gold (ca. 1657). Jan Vermeer: National Oal-
lery of Art. Washington, O.e. Widener Col1ection. 

and therefore the artist endeavors to create the strongest, purest , 
most precise embodiment of the meaning that , consc iously or un
conscious ly. he intends to convey. 

The carriers of directly perceivable meaning, which mimetic art 
embeds in its representations of physical objects, reveal their ab
stractness more conspicuously in successful works of non-mimetic 
modern arto I will try to iJlustrate this point by comparing Camille 
Corot's MOlher and Child on (he Bellch (Figure 73) with Henry 



Figure 73. Jean Bapliste Camine Corol; Mother and Child on Ihe Beach. John 
G. Johnson Collection, Philadelphia. Opposile page, center: Figure 73a. 

Moore's Two Forms (Figure 74). In the Corot , just as in the two 
paintings discussed a moment ago, the basic theme of the work is 
conveyed by the structural skeleton of the composition (Figure 
73a). The child , symmetrical and frontal, reposes like a self
contained, ¡ndependent ¡ittle monument , whereas the figure of 
the mother is fitted to a bending and reaching wave shape, express
ing protection and concem. Moore's carving, equally compJex and 
subtle, embodies a very similar theme. The smaller of the two units 
is compact and self-sufficient like Corot's infant, although it al50 
st rains noticeably towards its partner. The larger seems wholly 
engaged in its Jeaning over the smaller. dominating it, holding it 
down, protecting, encompassing, receiving it. One can find paralleJs 
to human or otherwise natural situations in this work: the relation 
of mother and child. spelled out in the Corot. or Ihat of maje 
and female. Such associations rely on the similarity of the ¡nherent 
patterns of forces. they exemplify the reasons why the work has 
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something to tell that concerns us; but they are no ¡nhereot part 
of [he work itself. 

Just as a chemis t "isoJates" a subslance from cootaminatioos 
lhat distort his view of its nature and effecls, so the work of art 
purifies significant appearance. lt presents abstract themes io their 
generality, but nOl reduced to diagrams. The variety of direct experi
ence is reftected io highly complex forms. The work of art is an inter
play of vis ion and thought. The individuaJity of particular existence 
and the generality of types are united in one image. Percept and 
concepl. animating and enlightening each other. are revealed as two 
aspects of one and the same experieoce. 

Figure 74. Henry Moore: Two Forms (1934). COlleclion, The Museum of 
Modem An. 



15. Models for Theory 

The scientist, Jike the artist. interprets the world around him aod 
within him by making ¡mages. The creation of perceptuaJ models, 
of course. is nol the scientist's only occupation. A physicist, a 
biologist. or a sociologist speods much effort 00 collecting data, 
checking their validity. measuring aod countíog them. aod testíog 
his predictions. Bul all these operations serve only to prepare aod 
confirm his discoveries aod his explanations. And to discover aod 
to explain requires perceivable models. Hit is by ¡ogic that we 
prove," says Henri Poincaré, "bul by intuition Ihat we discover." 

Unless an ¡mage is organized in forms so simple aod so clearly 
related lo each other that the mind can grasp them, it remains an 
incomprehensible, particular case. Only lhrough lhe generalilies 
in its appearance is the imaged thing seen as a kind of thing, and 
thus made understandable. In the arts, e1ementary and early images 
showed this most conspicuously. The same is true for early models 
in science. J shall therefore take examples from situations in which 
science is young or concerned with problems of very broad scope. 

Cosmological shapes 

Theories on the nature and origin of the physical world offer con
venient examples. They deal with a subject thal has occupied 
humanity from ils early beginnings; they must be con cerned with 
the largest forms in exislence, and the pertinent imagery must 
be correspondingly generic. Even a cursory glance al early cosmolo-

274 
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gies reveals features that are familiar from our dealings with the 
arts. Shapes suggested by direct experienee interaet with the "pure 
shapes" the mind puts forth in response to that experience. Out 
of the irresistible need for comprehensible form, mankind sees 
itself in a world that is flat, although beset witb mountains and otber 
secondary items, and which is elosed by a circular horizon. Tbis 
plain base is surmounted by tbe bemispberical star-spangled dome 
of the sky and may be seen as surrounded by tbe circular moat of 
the Homeric okeanos, on wbose waters tbe heavenly bowl perches 
mysteriously. lt is a closed world, suggested by form-seeking per
ception, and simple, like a child's picture. 

I am concemed bere witb tbe psychological sequence rather tban 
tbe cbronological one. The psychological order leads from ele
mentary 10 more complex. conceptions, as the mind becomes more 
differentiated and observation more refined. 00 the other hand, 
since the models of thought set out from the complexities of the 
directly observed world, they also tend 10 gel simpler as the mind 
beco mes more ¡ndependent. Aristotle knew lbat a ship gradually 
sinks below the horizon as it moves away; he knew that during a 
lunar eclipse the earth casts a circular shadow on the moon and that 
new constellations of slars become visible as one travels from 
country to country. In this way, the challenge of refined observation 
called for the notion of a curved earth, which meant appealiog to a 
model that was even simpler and more elegant than the earlier one, 
namely. Ihe image of a spherical world, surrounded concentrically 
by the shell of the heavens. Such divergence from direct perception 
is nOI easily accepted. One may resort to intermediary models. 
trying for a compromise. Anaximander, for example, said "that the 
earth is cylindrical in shape, and that its depth is a third ofits width; 
its shape is curved, round, similar to the drum of a column: of its 
Hat surfaces we walk on one, and the other is on the opposite side." 

Just as in the drawings of children the primary cirele often dif
ferentiates. after a while, into a group of concentric cireles, so the 
aSlronomical shell of the heavens becomes a system of concentric 
shell s. Each shell carries one of the planets; the outermost is re· 
served for the fixed stars and constitutes the boundary of the tinite 
universe. However, as far as the earth itself is con cerned, the 
concentricity of the model remained ¡ncomplete for a long time. 
The older view insisted that there was an upper and a lower world. 
the one in the light of day inhabited by living mortals, the other 
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a netherland of darkoess. the dwelling-place of devils and the dead, 
The cognitive dissonance between the perceived envirooment aod 
the equaJly perceptu31 thought model of the universe resolved 
itself but slowly. 

The geometric stability of these early models tempts us to think 
of them as static shapes. However, 311 shapes are experienced as 
patteros of forces and are relevant only as pattems of forces. lo 
practic31life, a wall counts 001 as a geometrical plane but as a bound
ary that contaios, keeps out, and covers; aod in a child's drawiog the 
pencilline of a jump rope surrouoding the head may be, as we have 
seen, not ao inert shape but a protective container. Man sees io the 
things around him the actions that brought them about, and that they 
are able to perform. This dyoamic view of the world correspoods 
to what is koowo about the objective state of nature. Modem 
physics goes so far as to assert that material shape is nothing but 
man's way of seeing the effects of actions of forces. 

From the beginnings, the cosmic architecture is viewed as being 
brought about by action. Cosmogony starts with form emerging 
from formlessoess. The earth. says the Bible, was withoul form and 
void, and the early Greek philosophers speak of the prime matter 
as boundless and liken il to the mobile and flexible elements of water 
or air, which seem animated by an unshaped life. The word chaos, 
however, means origin31ly. as F.M.Comford has poinled out. not 
a primitive disorder bUI a yawoing gap, It thereby refers to an 
earliest stale of orderly shape, namely, the separatioo of two 
generative principIes. Perhaps this principie, found ín the cosmogo
níes of many cultures, is simply derived from the biological polarity 
of Ihe sexes; bUI it may also present itself compellingly when cosmo
genies do nOl involve the notion of a creator separate rrom the crea
lion and therefore must expect the world itself to have split up at 
the start into al least two entities. which are both creator and crea
tion. This view of the interaction of opposites may Ihen seize upoo 
the sexual duality as a natural mode!. In Chinese thoughl. all ex
iSling things are due 10 the antagonistic cooperation of the Yin and 
Ihe Yang. traditionally represented as the two intertwiniog com
ponenls of the circular emblem, In Ihe Bible, Ihe IwO primordial 
forces take the shape of heaven and earth. According lO the Baby
lonian Genesis. "the primeval silt, boro of the salt and the sweet 
waters in the original watery chaos, was deposited aJong its circum
ference io a gigaotic riog: the horizon," From the horizon Ting, 



MODELS FOR THEORY 277 

sky and earth grew as two enormous discs , later "forced apart by 
the wind, which puffed them up into the great bag within which 
we ¡ive. its underside being the earth , its upperside the sky." 

In thi s Babylonian model, the distance between earth and heaven 
is viewed dynamically as the result of a distension. and the vault 
of the sky appears as the product of this expanding force. Thus the 
cosmogony is not only the story of how things came about in the 
past but remains inherent in the architecture of the universe as 
it s presently visible pattero of forces. 

As a rule, the cosmological shapes and actions are personitied 
in mythological stories. However. just as in the arts the narrative 
subject maller is the vehicle of inherent forces, so is the marriage 
of Heaven and Earth, brought about by the attractive power of 
Eros, liule more than a symbolization of basic patterns. Inversely, 
anthropomorphic features are slill. traceable even when the rnyths 
have turoed into theories of celestial mechanics. There is an analogy 
to human yearoing in Ari stotle's belief Ihat bodies move by an im
petus inherent in them. Terrestrial things move in straight ¡ines. 
either away from lhe center of the earth , as does tire, or loward it 
because "a body moves naturally to that place where it rests with
out constraint," and the spherical shape of the earth comes about 
dynamically through the pressure of all ils parts in the direction of 
il s center. 

The heavenly bodies are said to move in circles because the circle 
is the simplesl natural shape and tits the roundness of these bodies 
themselves. The primacy of circle and sphere is of purely percep
lual origin, and so is the notion that Ihe movement of a body 
conforms 10 its shape. The idea that the perceptually simplest shape 
is also naturally the most fundamental one has never been Quite 
abandoned by the human mind. lt gives way reluclantly when em
pirica! observation curtails perceptuaJ preference. notably in the 
dramatic episode of Galileo's refusal to accept Kepler's finding that 
the planets move in ellipses. with the sun located in one of the foci. 
This discovery was repugnant to Galileo, for whom the circle was 
still the only natural movement, whereas recti linear motion carne 
about through the interference of sorne foreign agent. The sun 
slood in the center of a system of perfect circles, and the velocity 
of planetary movement could not but be constant. To this extent, 
Ihen. the struggle for scientific progress was a family feud within 
the perceptual realm: a fight of exact observation against the tend-
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ency lO simples! shape. Erwin Panofsky. in discussing Galileo's 
bias, has poinled out that lhe ellipse, lhe distorted circle. "was 
as emphalically rejected by High renaissance art as it was cherished 
in Mannerism." In painting. he says. it does no! occur until Cor· 
reggio. 

Kepler eSlablished Ihe priority of reclilinear movement for Ihe 
terrestrial world and suggested by lhe example of muscular action 
in the human body Ihat rotation was brought about by an artifice, 
indireclly and imperfectly. Bul it took a laler generation to conceive 
of planetary rotation as Ihe resultant of two rectilinear impulses, 
an inherent propulsion and an attraction from elsewhere. Newton 
wriles in 1692 to Richard Benlley: 

To Ihe lasl part of your lener. I answer. firsllhal iflhe earth (wilhoullhe moon) 
were placed anywhere wilh ils center in the orbü' m(lgnll.~ and stood slill Ihere 
wilhout any gravitalion or projection. and there al once were infused inlO il both 
a gravitating energy IOward the sun and a tr.msverse impulse of ajust quantity 
moving il direclly in a tangent 10 Ihe orbiJ> lIU/glI!/S . the compounds of this attrac
tion and projection would. according lo my nolion. cause a circular revolution of 
Ihe earth about Ihe sun. 

Circular shape is so persuasively simple and indivisible lO Ihe eye 
Ihal an ingenious effort was necessary lo contradict il in this fashion. 
Bul by no means can Newton's conception be described as an 
emancipation from Ihe senses. Al! Ihat happened was Iha! an ele
mentary perceplual model had 10 be replaced wilh a more complex 
ene. The tugging of IwO divergenl rorces from which Ihe curvalure 
results is nol only less simple Ihan lhe older image of a single agent 
swinging in the round; il also can be seen only indirectly, that is. 
by ils product, and therefore requires the help of mental imagery. 
The model oL sayo a slone tied to a slring and swirled around must 
be applied to a cosmic swirl, which shows no slring and therefore 
no attractive power. 

Examples of this kind indicate how misleading it would be to 
pretend that in science the sen ses serve only to record data in Ihe 
manner of a photographic camera and thal the processing of the data 
is left to later and perhaps non-sensory operations. We find inslead 
that direct observalion, far from being a mere ragpicker, is an explo· 
ration by the form·seeking and form·imposing mind, which needs 
lo understand bul cannat unless il casts whal it sees into manageable 
models. The earliesl models are those suggesled by appearance 
itself. Here, as 1 have shown earlier. the sense of sight tries for the 
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simpleSI pattern compatible with Ihe given stimulus situat ion. This 
inleraction between the demands of the object and the tendencies 
in Ihe observer repeats itself at higher levels of understanding. Now 
the demands of the object are no longer limited to what strikes 
the eye but derive from a broader range of experience, lO which 
the percept must conformo What Newton sees in the motions of 
the planets must agree with all he has seen of kinetic actions. 

That we are dealing here indeed with perceptual operations can 
be illustrated by sti ll another aspect of the same problem area. I 
menlioned Ihat Aristotle thought natural movement 10 be sustained 
by an impetus inherent in the object itself. This was more than a 
theory about the nature of motion. It was. as we know from Mich
otte's experiments on the perception of causality, an inseparable 
aspecI of what Arislotle saw. To see an objeet propelled by its own 
power is different from seeing il pushed by an external impulse or 
attracted from the outside. The forces involved in a visible action 
are a part of the percept itself. nOI something added later as an 
explanation. as David Hume thought when he asserted Ihat "all 
events seem entirely loose and separate" and Ihal they ean be seeo 
as being contiguous in lime and space. but not as connected. The 
psychological experiments show that if, fOl" example. a moviog 
object comes 10 toueh another one that is al rest and if thereupon 
the second object begins to move, this seeond movement will be 
seeo either as being eaused by Ihe ¡mpael of the first, or simply re
leased by the signal of the contact. Miehotte has described the exact 
conditions that produce the one rather than the other experience 
spontaneous ly. and there can be no question but that Ihe two per
cepts are fundamentally different. The same is true for the corre
sponding mental ¡mages. When Galileo visualized the planels as 
rotating nOI under their own power. but rather as being driven by 
an initial impulse. perpetualed through inertia. his perceptual image 
was no longer Ihat of Aristotle. And it was this image of causal event 
that he described in his theory of inertia. The change that had come 
about was an instance of what in the psychology of thinking is 
known as the re-structuring of the problem situation. The pattem 
of forces seen in the given condition is altered in such a way as lo 
produce a solution of the problem. 

A reader may be willing to accept my contention that reasoning 
aboUI the nature of the physical world takes place within perceptual 
imagery, bul he may be reluelant to admit that the same is true for 
reasoning about non-sensory subjects. Actually, the kind of highly 
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abSlracl pallem I have been discussing is applicable lO non-physical 
configurations as readily as to physical ones, because there again 
the concern is with patterns of forces, a purpose best served by 
exactly Ihe same means. In fact , the approach is so similar that only 
by paying explicit attention to the difference in subjecl maller does 
one beco me aware of the ease with which the mind shifts from Ihe 
one to the other. 

Tire nonviSlIlIl made visible 

The ¡mage of the sphere may serve as an example. It has been 
used through the ages lO depict physical. biological, and philosophi
cal phenomena. Here again one can observe how such a concep
tion develops from simple beginnings to more and more refined 
conceptions. Roundness is chosen spontaneously and universally 
to represent something Ihat has no shape, no definite shape, or all 
shapes. In Ihis elementary sense, Parmenides represents the whole
ness and completeness of the world by a sphere , which serves 
merely as a container for a homogeneous, indivisible mass of con
sistenl density. unstructured except for ils boundary. A first 
structural differentiation-and here again I discuss psychological, 
nOI historical stages-establishes the relation between center and 
circumference. In its most slatic version. Ihis relation serves only 
to illustrate Ihe contrast between the very ¡arge and the very smal!. 
Thomas Aquinas. for example, compares God, the all-encompas
sing. with the boundary sulface of the sphere, whereas Ihe center 
point represents the insignificance of the creature. A German mystic 
of the seventeenth century, Johannes Scheffler, conceives of a 
dynamic inleraclion between the two: the circular boundary con
tracts towards the ceoter when man encloses God within himself. 
and vice versa, the cenler expands iolO lhe circumfereoce as mao 
dissolves in God's greatness. "When God lay hidden in a maiden's 
womb," Scheffler writes in one of his couplets, "(he poiot contained 
the circle." 

The dynamic relation between center and boundary expresses 
itself often in the assumption Ihal Ihe sphere originales by growing 
from the center, and that the center remains lhe controlling agent. 
This is the view oC Johannes Kepler, who says Ihal the central poiot 
is the origin of the circle and gives birth and form to the circum
ference. Correspondingly he sees all the mobile powers ofthe plane-
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tary system as coocentrated io, and issuing from, the eoergy of 
the centrally located sun. An anaJogous biologjcal model may be 
fouod in Aristotle's image of the heart as the central organ of the 
animal body. The heart is coosidered the embryooic core from 
which the rest of the body grows aod which contioues to fuoction 
as the central source of all vital eoergies. This is demoostrated by 
the vessels that distribute the blood in all directions. loversely, the 
sensory messages converge from the circumference of the body 
toward (he center. 

The image of the sphere has beeo used by various Christian 
thinkers to c1arify the concept of the Trioity. The center of the 
sphere (or circle). ils circumference, and the space intervening 
between the two are sufficiently distinct parts and yet so integrated 
in the whole that they can depict the unit y of Ihe triad. Examples 
show how the same geometrical form can be structured quite dif
ferently depeoding on the pattern of forces seen in i1. 1 n the fifteenth 
century, for instance, Nicolas eusanus has the Father, as the gen
erative principie, hold the center, from which the Son issues as 
a power equal in kind to that of God. The Holy Ghost unifies the 
two and c10ses the whole by the circumference. A century or so 
later. Kepler changes this conception. "The ¡mage of the triune 
God." he writes, "is in (he spherical surface. that is to say, the 
Father is in the center. the Son is in the ouler surface, and the Holy 
Ghost is in the equality of relation between point and circum
ference." Here again the ¡mage implies more Ihan an assignment 
of stalic locations. The Father is the source of origin, whose power, 
transmitted through the Hol y Ghost as intermediary, is spread and 
revealed by the Son in all directions from the spherical boundary. 
Characteristic of the ease with which the meaning of visual models 
moves back and forth between the spi ritual and the physical is 
KepJer's view tha! lhe ¡mage of the Trinity is manifes! in the astro
nomical cosmos. God is personified in the sun, the source of lighl. 
motion, and Jife; lhe Son ap pears in the shell of the fixed stars, 
which reftects the sunJight like a concave mirror: and the Holy 
Ghost dwells in the space filled with the emanations ofthe sun and 
the air of the heavens. As a third exampJe 1 will cite another Prot
estanl mystic, Jacob Boehme, who also unites his theologicaJ and 
astronomical conceptions in one visiono Here the Son has moved 
¡nto Ihe center as the concentrated power of the sun; through the 
Holy Ghost the central power radiates in al! directions: and the 
Falher appears as the all-encompassing sphere of lhe heavens. 
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Models have limits 

As the natural sciences insist increasingly on verifying their con
ceptions by exact observation, the image of the sphere is limited 
more and more strictly to physical structures Ihat tit it eJosely. 
However, the geometrical shape which dominated Ihe view of 
nature from the beginning because of the preference of the form
seeking mind for simplicity continues to be applicable lo such prin
cipal pattems of the physical world as the solar system or the atomic 
model. This is more than a happy coincidence. If the psychologi
cal tendency towards simplest structure is referred back 10 its 
physiological base in the nervous system, it can be viewed as an 
application of the same law of nature which presses for balance, 
order, and regular shape throughout the physical universe. It is 
the tendency to a state of minimum tension, expressed most ex
plicitly in the second law of Ihermodynamics. 

The perceptual models of science are only simplified approxi
matioos of the actual states of affairs in the physical world. This 
is io the "ature of the relalion between the conceptions of the mind 
and their referents in nature. The aoeient image of the cooeentric 
spherical system, still preseot in the cosmology of Dante, who re
lates the spheres of the planels lo the seven liberal arts. and even 
in lhat of Copernicus. reappears in our own eentury in the atomic 
model of RUlherford and Sohr. 

A few quick references may suffice lo illustrate Ihe dynamie 
panems active in spherical models. I mentioned Ihal even in the 
days of Galileo the planels were still assumed to rotate around a 
central earth or sun, in adherence to the perfect shape of the cireJe. 
lo Newtoo's reioterpretation, the sun aets as the central attractive 
power. while lhe elliptieal orbit of planels is viewed as a compromise 
resulting from a tug of war betweeo the striving of the saIellite to 
pursue its own course and that of the sun lO draw it toward the 
cenler. In the atomic mode!. the negative charge of the electrons is 
balaneed by an equal positive charge of the nudeus. 

It should be eJear lhat the meaning of visual models in scienee, 
precisely as that of form panems in art, resides entirely in the per
ceptual forces they convey. Al Ihe same time, however, these forces 
cannol be represented directly by pictures or other physical ob
jeets; they can only be evoked by them. A pieture of a eireJe and 
its central point does nOI contain the forees that it may evoke 
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in the image experienced by the observer. No physical object offers 
to the eye anythiog beyond shapes and colors, at rest or in motion. 
To be sure, the shades of darkness and brightness in a painting 
may produce sud forces more effeclively Ihan does a simple out~ 
lioe drawing; and the motion added to (he image in dance, theater. 
or film promotes the result even more actively. These are differ~ 
ences in degree, but the basic fact remains that perceptual forces 
come about in the nervous system, not in the piclUre as an object 
of the ouler world. Therefore. (he essential features of cognitive 
models exist only in percepts or mental images. But even these 
dynamic products of lhe mind are limited in their ability to repre~ 
senl dynamic events. Important aspects of the behavior of forces 
can be envisaged only approximately. Sorne of these will oow be 
discussed because they illustrate (he higher levels of complexily 
and subtlety that the human mind attempts to reach. 

A process of interaction, for exarnple, does nol seem lo be di~ 
rectly access ible lO the mind. lis results can be apprehended in~ 
tuitively. or its compooents can be represented separately by the 
intellect. The spherical models of the Trinity are frequently offered 
wilh lhe admonition Ihal the three components must be underslood 
not as separate entities but as ¡nherent in each other. They do more 
(han influence each other from fixed positions; and (hey do nol 
simply generate each olher. Rather the central point is supposed 
lo dwell, extended, in the circumference, and the circumference 
lies contracted io the center, while (he space between them is filled 
with their coexistence in various ralios. This sort of interaction, 
although mel everywhere, can be conceived by the mind only in 
its separale ingredients or in its final result. Leibniz faced this prob
¡em when he saw the individual monad as the mathematical cen
ter point in which all Ihe radii converge. Allhough without spatial 
extension. the cenler gathers nevertheless the infinity of sensory 
messages (hat arrive radially from everywhere and unfolds them 
inversely in a world of its own. This plurality in the unity can only 
be pointed to by human thought but not explicitly represented be
cause an image can do only one thing at a lime. 

Figure and ground and beyolld 

Attention lo the behavior of forces and the urge to represent them 
calls for images that can show continuous flow or, al least, con ti n-
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uous extension. This need, however, is resisted by the mind , which 
starts its account of reality with self~contained, circumscribed 
shapes. All early imagery relies on the simple distinction between 
figure and ground: an object, defined and more or less structured. 
is set off against a separate ground, which is boundless, shapeless, 
homogeneous, secondary in importance, and often entirely ignored. 
In the psychology of perception , this elementary level of organiza~ 
tion has been studied by Edgar Rubin. Independently, Gustaf 
Britsch described it for the arts; he formulated the earliest condí· 
tion of visual thinking as foJlow s: "An intended spot is detached 
from a nonintended environment by means of a boundary." 

Britsch also foresaw the kind of comparison I am proposing here. 
In the words of Egon Kornmann , 

he recognized lhal Ihe immediate and specific cognition deriving from visual ex· 
periences precedes conceptual relations; and he found correspondingly (hat 
early cosmologies, e.g., in the pre~Socratics, will be seen in a new light ir one 
understand s Ihe visual relations on which these conceplions are based. Thus. 
Ihe early stage of an intended entity seen as segregated from an unintended en· 
vironmenl (:: apeiron) corresponds 10 a differenl conception of the world than 
does the stage at which Ihe ¡ntended entily can be envisaged as passing withoul 
boundary into the unintended environment. 

Following Britsch's due, we find in fact the perceptual figure·ground 
relation directly reflected in the distinction which the Milesian 
philosophers. especially Anaximander, saw between a geometrically 
shaped world , constituted of the four elements, and Ihe boundless, 
limitless, undefined maller (apeiron) crealing it and surrounding 
il. The perceptual nolions of shape and boundlessness were con~ 
sidered opposites. Mahnke has pointed out Ihat Parmenides and 
later Plato still thought of boundlessness as something imperfecl 
and therefore nOl truly existent. 

An unbroken tradition also presents the human mind as a con· 
fined spherical entity, receiving messages from, and acting upon, 
an environment, which is separate and loosely defined. Kepler 
writes that "the faculties of the soul-Ihe mind , the faculty of 
ratiocination, and even the sensitive faculty-are a sort of center 
whereas the motor functions of the soul are the periphery." Among 
the Romantic thinkers, Friedrich von Hardenberg sees the Selr 
separated from its environment by a spherical boundary , whose 
external surface is outwardly oriented whereas the internal sur~ 

face is related to the Self. 
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In our century, Freud's conception of the Id and the Ego retains 
essential features of the ancient model. The Id is the central source 
of blindly radiating energy. Under the impact of the physical en~ 
vironment, the outer sheath of the psyche develops the organs of 
sensory perception and becomes a protective bark against injuries 
from the outside. As an intermediary between the environment 
and the Self. the Ego reacts to the outer world and controls the 
libictinal aggressiveness of the Id in the ¡nterest of self~preserva~ 
tion. None of these conceptions transcends the basic perceptual 
pattem of figure and ground. Only the more recent biological and 
psychological approaches of Jacob von Uexküll, Kurt Lewin, and 
others have begun to view the interaction between organism and 
environmeot as processes within a continuum. Parallel develop
ments in the physical sciences will be mentioned presently. 

a. 

Figure 75 

In early stages of visual art an analogous development is apparent 
(Figure 75). When a child fir5t attempts to draw a head io profile, 
(Figure 75a), he typically 51arts out with an unmodified circle as a 
base, 10 which he attaches nose, mouth, hair, oeck, etc. The result 
is, as it were. a figure~ground situation seeo in section. The circular 
Jine of the head serves as ground, on which the appendices sit as 
separate, self~contained entities. Later this duality fuses into one 
continuous shape, which contains the various secondary shapes as 
modifications (Figure 75b). This can be observed io pictures as well 
as io sculpture. The same refinement can change also the relatioo 
of the whoJe figure to its eovironmeot. For a long time, objects are 
shown io drawings and paintings as detached entities in fronl oC 
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an empty or independently structured or colored foil , such as the 
textured gold ground of medieval paintings. Under certain condi
tions, the duality gives way here again to a continuously modulated 
pictorial sUlface. lnstead of the neat distinction between foreground 
and background, the picture space consists, in European post
Renaissance painting, of an unbroken sequence of shape and color 
values. Britsch, Kornmann. and Schaefer-Sirnrnern have analyzed 
examples from various styles of art in detail. 

Is not the change from corpuscular theory to field theory in 
physics an example of the same perceptual development? Jn the 
corpuscular view, well defined, self-conlained objects are seen as 
"figure" in empty or otherwise qualitatively different space, which 
serves as ·'ground." The traditional ¡mage of the planetary system 
is of Ihis nalure, and so is the atomic model of Rutherford and Bohr. 
Such clear-cut dislioctioos are easy lo visualize. NOlice now the 
peculiar blend of discomfort and elation which one experiences 
when such a syslem is redefined as a coolinuous electro-magnetic 
field, io which the objects or particJes may be thought of according 
10 Erwin Schrodinger, as "more or less temporary entities within 
Ihe wave field whose form and general behavior are nevertheless 
so cJearly and sharply determined by the laws of waves that many 
processes take place as if these temporary enlities were substantial 
permanent beings." The former image is changed in several ways. 
The dicholomy between empty ground and actively engaged ob
jects has beeo eliminated. James Clerk Maxwell said of Michael 
Faraday. the falher of field theory: 

Faraday . in his mind's cyc. saw lioes of force lraversing all space. where the 
malhematicians saw centres of force auracting al a distance; Faraday saw a 
rnedium where they saw nothing but distance: Faraday soughl Ihe seat of the 
phenomena in real actions going on in the medium, Ihey were satisfied Iha! Ihey 
had found il in a power of aClion a! a distance impressed on lhe eleclric fluids. 

Also eliminaled is the separation of matter and force. Now, the 
object is a bundle of energy. And wilh Ihis fundamental change 
from state of affairs lo dyoamic evenl goes furthermore the sug
gestion that siluations are not unalterable. bul subject to change 
in time. 

Greal pleasure goes with this animation of a formerly static con
cept. Bul the change lo a model of higher complexity also arouses 
apprehension. The neal circumscription of objects-expressed in 
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drawings by a determined contour line-must be abandoned, and 
the timeless stability of concepts, cherished by the thinker, no looger 
has its couoterpart io the world these concepts describe. 

Infiniry and rhe sphere 

There is also the dread oí the endless. ". protest against the use 
of infioite magnitude," exclaimed the mathematiciao Gauss io 
the nineteenth century; il is "never permissible in mathematics." 
Sorne examples of visual models representing the infinite will be 
profitable to the purpose of the present chapter because they illus· 
trate the limits of human perception and therefore of human under· 
standing. The mathematician can no more conceive of infinity than 
can (he average persono He deals with il by lwo approximations. 
He can start a sequence and propose to have it continue forever. 
The sequence of positive integers, 1,2,3 .... , is an example. "We 
cannot inelude the symbol o::: in the real number system aod al the 
same time preserve the fundamental rules of arithmetic," caution 
Courant and Robbins. Or, the mathematician Ihinks of a container 
filled with an infinite quantity of items, as did Georg Cantor in his 
theory of seIs. 80th ideas derive from perceptual images. 

When children wish lo depict the radiant sun or a lamp, they 
draw a group of radii issuing from a central point or disco The radial 
lines, limited in length. nevertheless represent limitless extension. 
Here are lines of force moving in alJ directions from a definite base. 
Jt is one·sided infinity. as it were, with a beginning al one end, just 
like the sequence of positive integers in arithmetic. The geometrical 
sunburst pattem is the image by which Plotinus conceived of the 
action ofthe spirit. According te his philosophy, God in his unique
ness is related lo the mulliplicity of intelligible ideas as is the ceoter 
to Ihe radii. and so is the world soul to the individual sou1s. and the 
individual soul 10 its various activities io the body. Yet Plotinus' 
spirilual sphere is neither tinite like the sphere of the physical uni~ 
verse, nor is it spatially intinite. Thus, although Plotinus treals 
infinity as a positive feature of existence, the relatioo between shape 
and infioity is still unresolved. 

According 10 Mahnke's thorough historical investigation, a source 
of the twelfth ceotury. the Book of Ihe Twenty·four Philosophers, 
presents for the first time the formula that laler became famous 
through the writiogs of Cusanus and Giordaoo Bruno: "God is an 
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infinite sphere, whose center is everywhere and whose circum· 
ference is nowhere." Originally applied to God, the image is used 
by Cusanus also for the Universe, God's creation, and the Renais· 
sance considers it suitable also for the individual human mind (Mar· 
si lio Ficino). Here, then, the image of the finite container makes 
explicit contact with the notion of the infinite-an anticipation of 
the step taken by exact mathematics around the tum of our century. 

Infinity did appear in the classicaJ philosophy of nature as a posi· 
tive feature - that is, nol just as a shapeless background - in an a¡r 
proach that limited shape to the smallest units of matter. The Atom· 
ists- Leucippus. Democritus, Epicurus, and later Lucretius
treated the universe as uniform and ¡nfinite, although they conceived 
of it not as a continuum but as a multitude of corpusc1es milling 
through empty space. In the view of the Atomists , the world had 
no centre; bUI they simply rejected centricity as "an idle fancy of 
fools," as Lucretius puts ¡t. 'There can be no centre in infinity." 
They did not resolve the conftict between the image of the centric 
world, based on the powerful experience of the Self as the refer· 
ence poiOI for its environment, and lhal of endless homogeneity. 
This problem was faced only wilh the image of the infinite sphere. 
Let us remember in passing Ihat two contemporaries of Cusanus, 
the halian artists and architects Alberti and Brunelleschi , intro
duced infinity into painting through the geometrical construction 
of central perspective. This construction. however, contained the 
paradox of locating the infinite in a definite poiot of piclorial space. 
lt represented the infinitely large by the infinitely small, and il 
made the world converge rather Ihan expando Only later did paint
ing attempt to convey the experience of endless space, mOsl notably 
on the ceilings of Baroque buildings. 

Cusaous spoke of the center io an eodless world not just nega· 
tively as absent. He saw il as everywhere and anywhere. He real
ized Ihat the earth could nOI be io the middle of [he world and that 
all motion is relative. We can recognize a movemeot. he said, ooly 
by comparison with something stable. such as poles or centers, the 
relation lo which we presuppose in our measurements of motion. 
He thereby laid [he groundwork for the relativism of the twentieth 
century. Relativism as a concrete procedure calls for a rather com
plex imagery, namely. the coordinalion of at least two mutually 
exclusive systems- one for which an object is in motion and aoother 
for which the same object is at rest. Probably this can be visualized 
only by Ihe altemation of the two images, similar, for example, 
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to what happeos io the reversal oí figure aod grouod or to the co
ordination oí the inside and the outside oí a building io architec
ture. lt is through this detachment from either írame of reference 
(hat the mind atlempts lo as sume the outside position of Einstein's 
pure absolute. 

Is it legitimate lo place speculations of the past on an equal f001-
jng with modero theories based on exact observation and calcula
tion? It is. for the purposes of this book, since I am not conceroed 
with the trustworthiness of constructs but with their perceptual 
shape-their themata, as [he physicist Gerald Holton has called 
Ihe underlying principIes of scientific conceptions. He refers to 
thought models Ihat derive neither from empirical statements, such 
as meter readings, nor from analytical ones. reljant on the calculus 
of logic and mathematics. Hohon does not wish to commit him
self as to whether these themata should be associated "with any 
of the following conceplions: Platonic. Keplerian or Jungian arche
types or images: myths (in Ihe non-derogatory sense, so rarely 
used in the English language) ; synlhetic a priori knowledge ; intui
ti ve apprehension or Galilei's ' reason' ; a realistic or absolutistic oro 
for that matter, any other philosophy of science." 1 am treating 
these tllemata as mental images , and I trust that even persons who 
like lo distinguish modero science in principie from what preceded 
it , will be struck by the formal resemblances discussed here. 

Modero cosmology still oscillates between lhe two basic ¡mages 
first conceived by the Greeks. In the eighteenth century, such 
thinkers as Thomas Wright and Immanuel Kant suggested that the 
solar system is a part of a galaxy and that universal space is filled 
with more galaxies similar to ours. Thus by empirica] generaliza
tion they made new contact with the Alomist conception of a horno
geneously filled infinite expanse. How similar this approach was 
to lhat used in arithmetic progression was explicitly realized by 
Kant: 

We see the first members of a progressive relationship of worlds and systems: 
and the first pan of this infinite progression enables us already to recognize what 
must be conjectured ofthe whole. There is no end but an abyss ofa real immensity 
f ejl1 A bgrul1d f'iner 'Il"ahren Unermeulich"eil) . in presence of which a11 the capa
bility of human conception sinks exhausled. although it is supponed by the aid 
of the science of number. 

The generalization suggested by these thinkers required bold 
restructuring of direct perceptual evidence. which thereby was 
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made to tit quite a different image. To see (he solar system as woven 
into the circular band of stars, which appears to surround the earth 
as the distant Milky Way. and then to see the galaxy as being el
liptica! and thereby making it comparable to the specks of nebulae 
such as that of Andromeda, required an extraordinary ftexibility 
of visual imagination. The example also shows again how the re
moval from primary evidence does nol mean removaJ from percep
tion but rather the shifting from one perceplual model to another. 

The image of end!ess continuity was supplemented with that 
of a cenlered universe in order to account for the origin of it all. 
Although "in an infinite space no point can properly have the privi
lege to be called the centre," Kant assumed that one area of greatest 
density had served as the fulcrum, from which nature originated by 
spreading in all directions of infinite space. Here then we are back 
at the Plotinic ¡mage of radiation from a center of energy-a con
ception reftected again in the recent theory of Ihe expanding uni
verse which , according to Georges Lemaitre , developed from an 
atomic nucJeus. And we cannot but recal! the infinile sphere of the 
Middle Ages, whose center was nowhere and everywhere, when 
we watch the astronomer Fred Hoyle illustrating. in 1950, the idea 
of the expanding universe by the analogy of a balloon with a large 
number of dols on its surface and blown up graduaJly lo infinite 
size: 

The batloon analogy brings oul a very important point . JI shows we musI nOI 
imagine Ihal we are situaled al ¡he cenler of Ihe universe. jusi bccause we see 
all the galaxies 10 be moving away from uso For. whichever dOI you care 10 
choose on the suñace of Ihe balloon. you will find Ihat Ihe olher dols all move 
away from il. In other words. whichever galaxy you happen to be in, the olher 
galaxies will appear 10 be receding from you. 

Nicolas Cusanus, reading this. would have found himselfon familiar 
territory. 

Tlle strelc:1I 01 imagi"atio" 

It may be well lo concJude this chapter with a remark on the no
lions of (he fourth spatial dimension and so-called "curved space," 
often mentioned in conneclion with Einstein's general theory of 
relativity. Einstein's vision of a finite but boundless world-al
though by now apparently abandoned in favor of an "open uni-
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verse"-deserves to be mentioned as the most refined attempt lO 
reconcile spherical shape and infinity in physics. The fourth spatiaJ 
dimensiono on the other hand, is a purely mathematical construct, 
a first step in a geometry of the higher dimensions. Whether or not 
this mathemalical extension leads 10 models that can be visualized 
has been debated in the literature. The chances are that if it is ac
cessible to mental imagery al all, il will be so by approximation only 
or, more likely. by its effecls or by its projections into three dimen
sional space. 1 will nol go into this problem. 

A different kind of extension beyond the third spatial dimension 
has been used lo make non-Euclidean geometry plausible. Applied 
10 aslronomical physics, lhis approach has led in popular discus
sion lo the mistaken notion Iha! Ihe theory of relativity proposed 
the existence of a fourth spatial dimension in our universe, a dimen
sion needed to make room for "curved space." This misunderstand
ing led 10 Ihe suggeslion that modern science had reached the limil 
beyond which its conslructs are closed to visual imagination, not 
only in practice but in principie. 

Perhaps Helmholtz, in one of his Popular Scientific Lectllres, 
was the first to illustrate the properties of non-Euclidean space by 
Ihe analogy of an imaginary population living in a two-dimensional 
world. If their world were the sunace of a sphere, Euclidean geom
etry would nol hold. The shortest conneclion between two poinls 
would nOI be a straight line; the sum of the angles in a triangle 
would vary and would always be larger than 180°; the ratio between 
the radius and the circumference of a circle would also vary, de
pending on the size of the circle. Now suppose, so the demonstra
tion goes, this whole situation is transposed by one dimension, then 
we have a three-dimensional world curved in four-dimensionaJ 
space. At this point, visual imagination capitulates lo science 
fiction. because the proposed step along a mathematical sequence 
does nOl simply extend a perceivable dimension quantitatively be
yond the range of visual imagination-as in the cases of the infi
nitely large or small- bul makes an assumption that is incompati
ble in principie with human spatial experience. Helmholtz says Ihal 
"we find ourselves by reason of our bodily organization quite un
able 10 represent a fourth dimension." Whether or not this is true, 
is. as I mentioned, under discussion. If it is. however, then probably 
not for the reason that our three-dimensional brains are incapable 
of imagining an actually existing four·dimensional world. If such 
a world existed. our brains could be expected to be four·dimen-
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sionaJ also. The analogy with the flatland world seemed to suggest 
that there could be beings equipped with one dimension less than 
the spaee in which their world dwelled, and that eonsequently they 
would be unable to cooceive of three·dimensional volume. This, 
however, is nonsense. As soon as we pass from a purely mathemati· 
cal analogy to a physieal one, we musl reeogoize that in order for 
those hypothetieal beings and their world to exist they would have 
lo possess a mínimum of thiekness; and so would their brains. Phys· 
icaHy and mentally they would nol be two-dimensional; they would 
just be cramped. 

If a fourth spatial dimension cannol be visualized, it is probably 
because geometry is concerned with relations that can use per· 
ceptual and physical space as a convenient image up to Ihe third 
dimensiono bul no further. Beyond that limit, geometrical calcula· 
tioos-jusl as any other multidimensional calculations, such as 
factor analysis in psychology-musl be content with fragmentary 
visualizalion. if any. This also means probably putting up wilh 
pieces of understanding rather than obtaining a true grasp of the 
whole. 

No fourth dimension of space, however, is in fael c1aimed to 
exist by modern physics. lt is. in the words of Arthur Eddington. 
"a fictitious construction." To retum once more lo the analogy of 
lhe hypothetical two·dimensional world: as long as that world is 
thought of as jndeed curved in three·dimensional space, nothing 
about ils geometry contradicts Euclid's Elemems in principie, al· 
though jt does not agree , of course , with what he says about geom· 
etry in a Hat plane. Something lruly new takes place only when 
those geometrical distortions are found in a world nol known to 
be curved or, in facI, nol curved in realily. In such a world, the 
deviations from Eudid beco me inhomogeneities of space. The time 
jt takes lo Iraverse a unit of distance may ¡ncrease with the length 
of the road; and jf one walks long enough in the same direction one 
may find oneself in the place one started from. 

This sort of thing can happen in three·dimensional non·Euclidean 
space. To call it curved is a figurative way of calling il inhomogene
ous; and inhomogeneity is found, according to Einstein, in the 
Ihree·dimensional space of our universe. He says that "according 
to the general theory of relativity the geometrical properties of 
space are nol independent but determined by matter;" the geometry 
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of the universe turns out to be distorted by gravitational fields. A 
layman cannot tel! whether the analogy of an appropriately curved 
surface world is sufficient to let the mathematician or physicist 
calculate the effect of the corresponding inhomogeneities in three
dimensional space. What he can ten is that when the metaphor 
is taken for a literal descriplion of what goes on in the universe, 
imagination is led astray. 

If, then, the modern conception of physical space is nol closed 
to visualization in principie , the question remains whether it is 
accessible in practice. Non-Euclidean situations do not seem to be 
forever excluded from sight. In another book 1 described the per
spective of space perception as an example: objects shrink with 
increasing distance from the observer, yet they are seen also as 
remaining the same size; motion is seen as accelerating with dis
lance although it is seen as remaining constant al the same time. 
Contradictory in Euclidean terms, these phenomena fit neverthe
less into a reasonably consistent view of the visual world because 
the inhomogeneity of perceptual space is built into the experience 
of visian as a constant condition. 

Whether the inhomogeneities of physical space can be visuali¡ed 
by an imagination more developed than that of the average person 
today is hard to tell. H. P. Robertson uses the example of a metal 
plate unevenly heated: a short metal rule, changed in length by the 
temperature, would give measurements revealing an inhomogeneous 
geometry. Morris Kline compares the geodesics created in Einstein
ian space by the presence of a mass with those created by Ihe shape 
of mountains on the surface of the earth. How much such analogies 
help , practical experience will tell. Perhaps, here again, approxima
tions can be attained. Whatever the answer, it seems safe to say 
lhal only what is accessible 10 perceptual imagination at least ín 
principie , can be expected to be apen to human understanding. To 
be sure. the mind can make useful gains thal do nol involve com
prehension and perhaps need not do so. There are many operations 
we can perform. many facts we can know. many partial aspects 
we can visualize quite c1early, but without full understanding. Just 
as a complex painling or symphony can be put together and grasped, 
even by its maker. only through acts of partial organization, so 
every great work of man is probably greater than the mind that 
made it. 



16. Msion in Education 

This book has atlempted lO re-establish the unit y of perception 
and thought. Visual perception, far from being a mere co11ector oC 
information about particular qualities. objects, and events, turned 
out 10 be concerned with the grasping of generalities. By fumishing 
¡mages of kinds of qualities, kinds of objecls. kinds of events, vis
ual perception lays the groundwork. Qf coocept formation. The 
mind. reaching far beyond the st imuli rece ived by the eyes directly 
and momentarily I operates with the vast range of imagery avail
able through memory and organizes a total lifetime's experience 
ioto a system of visual concepts. The thought mechanisms by which 
the mind manipulates these concepts operate in direct perceptien, 
but also in the interaction between direct perception and stored 
experience. as well as in Ihe imaginalion of Ihe artisl. the scienlist. 
and indeed any person handling problems "in his head ." 

If these affirmations are va lid, they must profoundly influence 
our view of art and science, and all the rest of cognitive act ivity 
loca led between Ihese poles. Art has been di scussed here princi
pally as a fundamenlal means of orientation, born from man 's need 
lo understand himself and the world in which he lives. As I me n
tioned before . the various olher purposes served by art can be 
shown lo depend on this basic cognitive function. Art, then , ap
proaches the means and ends of science very cJosely, and for the 
presenl purpose it is more importanl 10 recogni ze how much they 
have in commen than to insi st on whal di stinguishes Ihern. Sorne 
of Ihe differences, however. will come up in Ihe course of this final 
chapter. 

294 
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Whlll is art for? 

Perhaps the arts have been prevented in our time from fulfilling 
their most important function by being honored loo mucho They 
ha ve been lifted out of the contexl of daily Jife, exiled by exulta
tion, imprisoned in awe-inspiring treasure-houses. Schools and 
museums. especially in our own country, have done much to over
come this isolation. They have made works of art more accessible 
and familiar. BUI works of art are not the whole of art; they are 
only its mre peaks. In order lo regain the indispensable benefits 
of arto we need to think of those works as Ihe most evident results 
of a more universal effort to give visible form to all aspects of life. 
H is no Jonger possible 10 view the hierarchy of art as dominated 
by the fine arts, the aristocracy of painting and sculpture, while 
Ihe so-called applied arts, architecture and the other varieties of 
designo are relegated 10 the base of the pyramid as impure com
promises wilh utility. The artists of our time have gone a long way 
in making the old categories inapplicable by replacing the tradi
tional works of Ihe brush and the chisel with objects and armnge
ments that must merge in the environment of daily life if they are 
10 have any place at a11. One more slep, and the shaped setting of 
all human existence becomes the primary concern of art - a setting 
in which the particular objects of fine art find their particular place. 

This broader concept. which the lale Ananda K. Coomaraswamy 
defended so lucidly as "the normal view of art," must be supple
menled by a psychological and educalional approach that reeog
nizes art as visual formo and vi~ual form as Ihe principal medium 
of productive thinking. Nothing less will serve to free art from its 
unproductive isolarion. 

At the beginning ofthis book.1 referred to the widespread negleet 
of art at all levels of our educationaJ system. This situation prevails 
largely beeause art educators have nOI stated their case eonvincingly 
enough . If one looks through the lilerature on art edueation one 
oflen finds the value of art taken so much for granted that a few 
stock phrases are considered suffieient lo make the point. There 
is a tendency lo treat the arts as an independent arca of sludy and 
to assume that intuition and intelleet. feeling and reasoning, art 
and scienee eoexist bUI do nOI coopemte. If it is found that high 
school sludents know little abouI art history or cannot tel! an etch
ing from a lithograph. or an oil painting from a water color. the con
sequenees to be drawn will dependo I should Ihink. on how impor-
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tant this sort of knowledge can be shown to be. If it is c1aimed 
that the value of the arts consists in developíng good taste, the 
weight of the argument depends on whether taste is a luxury for 
those who can afford it or an indispensable condítion of Iife. If 
art is said 10 be a part of our culture and therefore necessary to 
the equipment of every educated person, Ihe responsible educator 
must ask himself whether aJl parts of this culture are needed for 
all and are accessible to all, and whether they are all equal]y rele
vant. If we hear that the arts develop and enrich the human per
sonality and cultivate creativity, we need to know whether they 
do so belter than other fields of study and why. The baule against 
one-sided intelleetualism cannot be fought by nourishing a Romantic 
prejudice against the sciences as agents of mechanization. If the 
present practice of the sciences does indeed impoverish the human 
mind, the remedy may have to be sought ín the improvement of 
seience edueation and nol in an escape from the seiences to the 
arts as a refuge. Nor are pedantry, sterility. and mechanizalíon 
found only in lhe sciences: they are equall y present in the arts. 

Once it is recognized that productive thinking in any area of 
cognition is perceptual thinking. the central function of art in gen
eral education will become evident. The most effect ive training 
of perceptual thinking can be offered in the art studio. The seien
tist or philosopher can urge his disciples to beware of mere words 
and can insist on appropriate and clearly organized models. But 
he should nol have 10 do this without the help of the arlist. who is 
the expert on how one does organize a visual pattern. The artist 
knows the variety of forms and techniques available, and ne has 
means of developing the imagination. He is accustomed to visual
izing complexity and to conceiving of phenomena and problems in 
visual terms. 

Piclures as proposifions 

Artists and art teachers pUl these talents to good use when they 
act on the implicit assumption Ihat every art work is a statement 
about something. Every visual paltern - be it that of a painting. a 
building, an ornament, a chair-can be considered a proposition 
which, more or less suceessfully, makes a declaralion about the 
oature of human existeoce. By no means need such a declaration 
be eonscious. Few artists would be so able 10 tel] in words what 

/ 
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¡hey intend lO say, as was, for inslanee, Van Gogh. Many· would 
refuse to do it, and experience has shown that artists driven by 
the des ire to eonvey definite messages, such as Ihose of a moral 
or social nature, are likely to fail. They are in danger of tying their 
imagery to stereolyped symbols. Correspondingly , insistence on 
such spelled-oul meanings is risky in art edueation. However, ex
ercises of the kind I deseribed in ehapter 7 might be Quite helpful. 
··Abstrael" representations of eoneepts, such as Past, Present, 
Fuftlre . could fulfill a function very similar to that of doing a por
trait, sti ll life. or landscape. They could set a particular pattern of 
rorces as a target. In order lo work out an image that truly repre
sents the sludent's conception of the subject, he must be resource
fui, disciplined. insistent; and this is what is takes to produce art 
and lo make ils practice educationally fruilful. The rather theoret
ical themes used in the experiments can be supplemented with 
more evocative ones, of the kind used by Paul Klee as titles for his 
pictures: From Gliding 10 Rising; RejlH'enalion; Beginlling Cool
ness: Pride; AgainJllhe Tide; Searc/¡ing and Finding: Lm·1 Hope; 
Nllsty MIIJic. 

Such exercises can help lhe student lo realize that no standard 
of right or wrong can derive from purely formal criteria. Harmony, 
balance, variety, unílY, are applicable only when ¡here is sorne
thing definite to express, be it conseiously explieit or nol. The han
dling of shape and color is as mueh a search for this eontenl and 
its crystallization as it is an effort to render lhe content clearly, 
harmoniously. in a balanced, unified fashion. Exercises of Ihis kind 
will also suggest to the student that any organized panern is a car
rier of meaning, whelher intended or nol. Similarly. il follows from 
this approach that the mere spontaneous outburst, the mere loosen
ing-up and letting-go, is as incomplete a petformance artistically 
as it is humanly. The purely Dionysian orgy, while pleasurable and 
sometimes needed as a reaetion to restraint, calls for its Apollonian 
counterpart. The outlet of energy aims al lhe creation of formo 

The depicting of natural objeets, which has occupied the arts 
traditionally, is nol different in principie from the symbolic repre~ 

sentation of coneepts. To make a pieture of a human figure or a 
bunch of flowers is to gnlsp or invent a generic form pattern or 
structural skeleton. This soft of practice is a powetful aid in es
tablishing the perceptual basis of cognitive funetioning. No such 
training of the mind is aceomplished by the mechanical copying of 
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models, aimed at measurable correctness and employing the sense 
of sight as a measuring tool. Exact reproductions are useful for 
practical purposes but are made more reliably by machines, and 
the skill of estimating measurable quantities correctly is insignifi
cant and better entrusted to instruments. The human brain is not 
suited for mechanical reproduction. It has developed in biological 
evolution as a means of cognitive orientation and therefore is geared 
exclusively lo Ihe performance of kinds of action and Ihe crealion 
and recognition of kinds of things. 

And yet, the days in which faithful copying was considered the 
main educational purpose of painting and drawing are not all too 
far behind uso Early in our own century. a Jeading art educator, 
Georg Kerschensteiner. stated that the representation ofthe human 
figure could nOI be a suitable objective of drawing in the pubJic 
schools because the reproduclions of which the chjldren are cap
abJe would match appearance and shape only partially and, at best. 
in generic approximation. "Instruction in drawing, however, can 
no more be satisfied with mere approximations than can any other 
field of teaching." 

This purely quantitative criterion of what makes a successful 
image was, of course, derived from the exact sciences as they had 
developed since the Renaissance. But jI is worth remembering 
that even in the sciences measurable exactness is nol an ultimate 
value in itself bUI only a means of ascertaining the nature of relevant 
facts. The degree of exactness required of measurements depends 
on the nature of the facts 10 be identified and distinguished. The 
quantitative evidence of experiments must be carried far enough lo 
show Iha. the results are nol due to accident, thal is, to the noise 
inherent in every empirical situatian. The measurements used by 
Kepler to determine the paths of the planets had to be precise 
enough to distinguish ellipse from circle with certainty. The same 
was true for the measurements of Ivan Pa/lov, who wanted lo 
find out whether dogs could distinguish ellipses from circles. Pavlov 
refined his data enough to ascertain how subtly the dogs discrimi
nated shape and how similar the shapes had to be in order to make 
his subjects uneasy. The range of tolerance in scientific and tech
nological measurements is determined by the nature of the task. 
Exactness beyond need is pedantry, and the final curiosity of the 
scientist is not satisfied by numbers. When he learos that the human 
germ cell contains 46 chromosomes, he wants to know why this 
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is so, and the final answer cannot be a quantity. Both seience and 
art, then, are after qualitative faets, and measurements are means 
to an end in both. 

Standard ¡mages and art 

If the meehanieal eopying of nature will not do, how about Johann 
Pestaloz.zi's ABC of visual understanding (Anschauung), which he 
placed ahead of the ABC of letters because "conceptual thinking 
is built on Anschauung"? What Pestalozzi had in mind, in those 
early years of the nineteenth century , deserves our attention: 

I mus! poinl oullhallhe ABe of Anschauung is Ihe essenlial and the only lrue 
means of teaching how to judge the shape of a1l things cOITCCtly. Even so, lhis 
principie is lotally neglecled, up to now, to Ihe ex!en! of being unknown; whereas 
hundreds of such means are available for the leaching of numbers and language. 
This lack of inslructional means for ¡he study of visual form should nOI be viewed 
as a mere gap in Ihe educalion ofhuman knowledge. It is a gap in Ihe very founda
tion of a11 knowledge al a poinl lo which the leaming of numbers and language 
musl be definitely subordinated. My ABe of Anschmmng is designed to remedy 
Ihis fundamental deficiency of inslruclion; it will ensure the basis on which Ihe 
other means of inslruclion musl be founded. 

for this admirable purpose. however, Pestalozzi foreed the chil
dren to draw angles. rectangles, lines, and arches, whieh, he said, 
eonstituted the alphabet of the shape of objects, just as letters are 
the elements of words. His manner of approaeh had its adherents 
throughout the nineleenlh century. Peter Schmid made his pupils 
draw accurale Jikenesses of basic stereometnc bodies, spheres, 
cylinders, slabs. as building stones of lhe more eomplex objeets of 
nature, and as late as 1893. Konrad Lange suggested that the teacher 
pUl on the blackboard geometrically simplified line drawings of 
table, ehair, flag, bed. or church. to be copied by the children. This 
use of geometrical guides in drawing goes al leasl as far back as 
Villard de Honnecourt's sketchbook, in which this French arehitect 
of the thirteenth century showed how lo develop human figures or 
animals from triangles, rectangles, or star patterns. 

There is merit in deriving lhe shape of an image from its under
Iying structural skeleton. In fact, artists common1y begin their work 
by skelching the overall patterns, which serve to hold il together. 
This proeedure, however, must be distinguished, on the one hand, 
from mere trick techniques for the production of stereotyped draw-
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¡ogs. and, on the olber, from sets of rigidly prescribed forms, to 
be copied by the faithful student. This latter approach suggests 
to the student that there is ane standardized and objectively correet 
shape to each kind of object and that the actual specimens encouo· 
tered in the world are to be considered mere elaborations of this 
archetype. It is ane thing to recognize the core of psychological 
and physical truth in tbis conception, and another to base the strat
egy of art education on it. For through art man acknowledges the 
fuIl wealth oC particular appearance. Instead of imposing pre-estab
lished schemata upon these appearances, he searches them for 
graspable forms and responds with 5uch forms in reaction to what 
he sees. The form pattems suggested by a laodscape or still lite 
relate, wheo taken io their uniqueness, only quite indirectly to the 
standard shapes aod meanings oftrees or fann houses or artichokes 
or fishes. The validity such paneros acquire in art is nol primarily 
that of reportiog about the subject matter as such but about much 
more generic patteros of forces reflected by the particular configu
ratioo. 1 mean lo say that when van Gogh confronts the figure of a 
sower with a large, yellow sun, he makes a statement about man and 
light and labor that takes liule more than its terminology from the 
standard form aod character of the objects involved. He would have 
been hamstruog nl.ther than helped by being required to copy stand
ard figures of sun, man, and tree. 

lo tbe arts, then, the student meets the world of visual appear
ances as symbolic of sigoificaot patteros of forces in a maoner quite 
different from the scieotific use of sensory information. Sights that 
are accidental with regard to the objective situation become valid 
as carriers of meaningful paneros and can be called truthful or false, 
appropriate or inappropriate by staodards not applicable to the 
statements of science. Bul art nOl only exploits the variety of ap
pearances, it also affirms the validity of individual outlook and 
thereby admits a further dimension of variely. Since the shapes of 
art do oot primarily bear witness to the objective oature ofthe thiogs 
for which they staod, they can reflect individual interpretation 
aod iovention. 

80th art and sc ieoce are bent 00 the understanding of the forces 
Ihat shape existence, and both call for an unselfish dedication to 
what is. Neither ofthem can tolerate capricious subjectivity because 
both are subject to their eriteria of truth. 80th require preeision, 
order, and discipline because no eomprehensible statement can be 

I 
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made without these. 80th accept the sensory world as what (he 
Middle Ages called the signalllrll rerum. the signature of things , 
but in quite differenl ways. The medieval physicians believed that 
yellow flowers cure jaundice and (hat bloodstone stops hemorrhage; 
and in a less literal sen se modem science still searches the appear
ance of things for symptoms of their character and virtues. The 
artist may use those yellows and reds as equally revealing images 
of radiance or passion; and the arts weJcome the multiplicity of 
world views, the variety of personal and cultural styles. because the 
diversity of response is as legitimate an aspect of reality as that of 
the things themselves. 

This is why the criteria of exactness in art are quite different 
from those in science. In a scientific demonstration. lhe particular 
appearance of what is shown matters for the validity of the experi
ment only lo the exlent to which it is symptomatic of the facts. 
The shape of containers, the size of dial s, the precise color of a 
substance may be irrelevant. Similarly, the particular proportions, 
angles. colors of a diagram may nOl matter. This is because in sci
ence Ihe appearances of things are mere indicators, pointing beyond 
themselves lo hidden constellations of forces. The laboratory dem
onstration and the di agram in (he textbook are not sc ientific state
ments bul only illustrations of such statements. In the arts lhe image 
is the statement. It contains and displays the forces about which 
il reports. Therefore, all of its visual aspects are relevant parts of 
what is being said. In a stil1 life , the particular colors and shapes of 
the botlles and their arrangement are lhe form of the message pre
senled by Ihe artist. 

LookinC and underSllllldillg 

The arts lell the student about Ihe significance of direct experience 
and of hi s own response. In this sense, lhey are complementary to 
the message of science, where direct experience must be tran
scended and the individual outlook of each observer counts only to 
the extent lo which it contributes 10 shaping the one common con
ception of the phenomenon under investigation. When a student of 
biology or psychology looks at a piece of nature or a sample of 
behavior. he canoot be satisfied with organizing what he sees into 
a visual image. He must try to relate this direct ¡mage to another 
ooe, namely, that of sorne mechanism operative in the perceived 
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object or happening. This relation is not often simple because nature 
was nol shaped with the purpose of di sclosing its ¡nner workings 
and functions lo human eyes. Nature was nol fashioned by a de
signer. Its visual appearance is only an indirect by-producl of its 
physical being. 

The experienced physician, mechanic. or physiologist looking 
at a wound, an engine, a microscopic preparation. "sees" things 
the novice does nol see. If both. experts and laymen , were asked 
to make exact copies of what Ihey see. their drawings would be 
quite different. N. R. Hanson has pointed out that such "seeing" 
is nol simply a matter of tacking different interpretations lo one 
and the same percept,-of requiring visual griS! to go into an intel
lectual mili. The expert and the novice see different things, and 
different experts see differenlly also: 

To say that Tycho and Kepler. Simplicius and Galileo. Hooke and Newton. 
Priestley and Lavoisier. Soddy and Einstein. De Broglie and Born. Heisenberg 
and Bohm aH make the same observations bu! use them differenlly is too easy. 
1I does nOI explain conlroversy in research science. Were Ihere no sense in which 
they were different observalions they could not be used differenlly. 

But how can the same retinal imprint lead to different percepts? 
What exactly do different observers see differently? First of all , 
many sighls are ambiguous because they are so vague thal they can 
be organized according lo various patterns or because they admit 
more than one cJear-cut organization. Every textbook of psychology 
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shows reversible images oscillating between two mutually exclu
sive versions: bul they are only the most obvious demonstration of 
¡he faet thal most visual patterns can be seen in more than one way. 
Max Wertheimer gives the example of a geometrical problem 
sol ved most easily by the restrueluring of a figure (Figure 76). The 
pereeplual tendeney toward simplest structure favors the view of 
a square overlaid by an oblique parallelogram: bUI in order to find 
the area of square plus parallelogram when lines a and b are given, 
Ihe figure is better seen as a combination of two overlapping tri-

angles. eaeh with the area a
2
b. Here the same visual stimulus yields 

two different percepts Ihrough two different groupings of the ele
ments. one of Ihem belter suited to the solution of the problem than 
the other. If the observer happens to have right-anguJar triangles on 
his mind. he is likely 10 hit on the solution more easily. Better sti ll, 
if he were shown an animated cartoon with two triangles roaming 
on empty ground and finally coming to rest in the position of Figure 
76, he should have no trouble al al!. A congenial conlext would 
guide his pereeption. 

Figure 77 

In other instanees it is not the grouping of the elements Ihat 
changes. bUI the charaeter of the dynamic vectors. The spatial 
orientalion of the reversible cube (Figure 77) depends on the di
reelion in which lhe diagonal vectors are seen to move. Since these 
perceptual veetors are given only through the shapes. the same 
figure can often carry more than one pattern of forces. 
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In many instances, the desired goal pattern can be directly per· 
ceived in the problem situation. The two triangles can be seen in 
Figure 76. Armed with Ihe image of whal lo lcok for, the hunter, 
the birdwatcher. Ihe mathematician or microscopist recognizes 
il within Ihe complexity of given shapes. Pertinent here are also the 
instances in which a percept is supplemented or completed by earlier 
visual experience. The expert sees a missing parl as a gap in an in· 
complete whole. A footprint in the sand makes us see Ihe fool Ihal 
is nol there. A studenl who has been lold about the continental 
drift sees Ihe outlines of the African and American continents not 
as separate. capricious shapes but as fitting together like tongue 
and grcove or male and female. Instead oftwo masses, he now sees 
only one, lorn aparto The dynamics of the separatioo of lhe halves. 
seeo as belooging together like the pieces of a broken pot, are a 
genuine component of lhe percept itself. nol just an inference. 

However. the perceptual solution of a problem does not require 
that the image on which the crucial thought operation is performed 
be seen in the problem situalion itse lf. In arder to accomplish the 
heliocentric revolulion, il was nol necessary for Copernicus, as 
Hanson assumes, to "see the horizon dipping, or turning away, 
from our fixed star." For Ihousands of years, astronomical obser· 
vations had been related to cosmic models of rolating spheres and 
shells. and the visual transformations needed 10 establish Ihis re· 
lation between direct observation and "pure shapes" are well within 
the range of perceptual versalility. Copernicus had to rely on the 
further ¡mage of the relativity of movemenl. an observation familiar 
lo him from daily experience, and the decisive restructuring con· 
sisted in applying the effects of relative motion lO the cosmic model, 
not to what he perceived at sunrise. 

Although in such cases the direct observation and the model 
on which the restructuring is performed are two separale images, 
they are nevertheless related perceptually. This continuity, which 
unites all relevant aspects of the phenomenon under investigation 
is necessary for understanding. Of course, many useful relations 
can be discovered or learned which conneet eertain items of experi· 
ence by mere association. One can stumble on the faet that curare 
slackens the muscles or leam Ihat the switch of the thermostat 
ebanges Ihe lemperature, without any conception of the events 
causing tbese effecls. Much human competence and even sorne 
progress derive from the practice of such conneetions, hut sinee 
mechanical conditioning lets the mind bypass the relevant facts 
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il does nOl involve truly productive thinking and surely cannOI 
serve as a modeJ of it. 

Figure 78. Paul Klee : Drawing of Ihe human heart. With permission of (he 
Paut Klee-Sliftung, Kunstmuseum, Bem; and SPADEM. 12 roe Henner, Pans. 

How illuslrations tellch 

When Ihe mind operates in the manner of the scientist, il looks 
for the one correct image hiding among the phenomena of expe
rience. Education has to bridge the gap between the bewildering 
complexity of primary observation and the relative simplicity of 
tha! relevant ¡mage. For the purpose of science. education must 
do precisely whal il needs to avoid in the teaching of art, namely, 
provide a sufficiently simple version of that final image, whenever 
the slUdent cannot be expected to discern it by himself in the intri
cate sight of the real thing. Think of a student trying to understand 
the shape and functioning of the human heart. The heart's twisted 
chambers. its tangled arteries and veins, the asymmetry of shapes 
and locations servíng symmetrical functions lax the senses of the 
observer more confusingly than if he tried to unravel the serpents 
of the laoeoon group. Eventually the student must learn to see 
(he simple principie in Ihis baroque speclacle; he may even want 
10 undersland why nature carne to fulfill a simple physiological 
function with so much contortion. BUl his road to thal goal wi ll 
be needlessly arduous unless he i5 given a target image as a sort of 
template. Figure 78 shows a drawing made by Paul Klee 10 explain 
10 his student5 the functioning of the human heart. AII shape 
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has been radically reduced to the simplest representation of the 
basic processes. Volume and pathways have been confined to a 
two-dimensional plane. The chambers. deprived of their internal 
subdivision, have become symmetrical. Equally symmetrical are 
the two circuits, the one sending the blood to the lungs for purifi
cation and retuming il to the heart. the other picking it up and 
sending it 10 work through the body and back to the central pump. 
Sorne of Klee's anatomicalliberties may be misleading: but he has 
used the freedom of an artist's pictorial imagination to present the 
basic essentials of the subject with the simplicity of a child's draw
ing. Once the student has grasped the principie he can move 10 
closer approximations of the intricale real situation. 

In the educational practice, leaming through perceptual abstrac
tion must be guided by suitable illustrations. This is oflen done with 
great ingenuity. For example, the visual information on the pages 
of the Sciemific: Americatt is consislently excellent. Sorne leXlbooks 
do equally well. Others let their designers gel away wilh "artistic" 
emhellishments. which serve the misguided self-respect of the com
mercial artist but confuse the reader. Or again. illustrations may not 
be geared carefully enough 10 the particular level of abstraction 
that fits a student at a given stage of his mental development and 
of his acquaintance with a given subject malter. Much progress 
has been made since the medical textbooks of the Middle Ages 
showed how 10 apply leeches or treat a bone fracture by depicting 
doctor and patient in full costume and surrounded with a completely 
equipped office and dispensary. But the decision of how much to 
reproduce faithfully and how much to simplify requires educational 
experience and visual irnagination. It must be precisely coordinated 
with the abstraction level of the teaching. How much detail should 
a geographical map contain? How much visual complexity can be 
grasped by the student'? 

The protilem is particuJarly acute when students are required 
lo make their own drawings. Al a level of development al which the 
free art work ofthe child still employs relatively simple geometrical 
shapes. the art teacher may respect his pupils' early stage of visual 
conception, but in geography class Ihe same children may be com
pelled. perhaps by the same teacher. to trace the coastlines of the 
American continent or the irrational windings of rivers-shapes 
that can be neither perceived nor understood nor remembered. 
When a college student is asked to copy what he sees under the 
microscope, he cannot aim, mechanically. for mere accuracy and 
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nealness. He must decide what matters and whal Iypes of relevant 
shapes are represenled in the accidental specimen. Therefore, his 
drawing cannol possibly be a reproduction; il will be an image of 
whal he sees and understands, more or less actively and intel
ligently. The discipline of intelligent vision cannol be confined 10 
the art studio; il can succeed only if the visual sense is nOI blunted 
and confused in other areas of the curriculum. To Iry lo establish 
an island of visual literacy in an ocean of blindness is uhimalely 
self-defeating. Visual Ihinking is indivisible. 

The lack of visual lraining in the sciences and technology on the one 
hand and the artist's neglect of, or even contempl for, the beautiful 
and vital lask of making Ihe world of facts visible lo the enquiring 
mind. slrikes me, by the way. as a much more serious ailment ofour 
civilization than the "cultural divide" to which C. P. Snow drew so 
much public attention sorne time ago. He complained thal seien
tisIS do not read good literature and writers know nOlhing abouI 
seience. Pcrhaps this is so. but the complaint is superficial. It would 
seem that a person is "well rounded" not simply when he has a 
bit .of everything but when he applies lo everything he does the 
integraled whole of all his mental powers. Snow's suggestion that 
"the clashing point" of science and art "ought to produce creative 
chanees" seems to ignore the fu ndamental kinship of the two. A 
scientisl may well be a connoisseur of Wallace Stevens or Samuel 
Beckelt, but his training may ha ve failed nevertheless to let him 
use, in his own best professional thinking. the perceptual imagina
tion on which those writers rely. And a painter may read books on 
biology or physics with protit and yet nOI use his inlelligence in 
his painting. The estrangement is of a much more fundamental 
naturc. 

In advocating a more conscious use of perceptual abslraction 
in teaching. one must keep in mind, however, Ihat abstraction easily 
leads lo detachment ir the connection with empirical reality is not 
maintained. Every thinker is tempted 10 treal simpliti ed conSlrUCls 
as though they were realily itselr. Gerald Holton has vigorously 
reminded his fellow science teachers that the average lecture dem
onslration "is of necessity and almost by definition a carefully ad
justed. abstracted, simplitied. homogenized. 'dry-cleaned' case." 
It replaces Ihe actual phenomenon with an analogue. for instan ce, 
when "a mechanically agitated tray of slee l balls ... becomes the 
means of discussing a basic phenomenon (e. g. Brownian motion)
without giving the class a glimpse of the aclual case itself." The 
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phenomenon is toro out of context as though it were a complete and 
¡ndependent evenl and is shown, litera1ly or figuratively, "againsl 
a blank background," which eliminates the "grainy or noisy part" 
of Ihe actual siluat ion. Neither is the student prepared for the be
wildering complexity of the live fact, nor does he experience Ihe 
excitement of the explorer who tries lo clear his path and is unsure 
of the outcome. Even photographs and films of authentic laboratory 
or natural situations differ importantly from the direcl experiences 
they replace. 

Hollon's wamings remind us that science, jusI as art, can only 
function if it spans the total range from directo empirical percep
tion to formalized constructs and maintains continuous interchange 
between them. Severed from their referents, the stylized images, 
stereotyped concepts. stat istical data lead to empty play with 
shapes. just as the mere exposure to first-hand experience does nol 
assure insight. 

Problems of visual aid 

The use of so-called visual aids does nol provide by ilself a suffi
ciently favorable condition for visual thinking. Lawrence K. Frank 
has charged that such aids. as the word implies, "are considered as 
purely subsidiary to the seemingly all-important verbal communica
tion , the traditional spoken or written representations. Usually 
visual aids are just that-illustrations; for the words are considered 
the primary mode of cornmunication." The mere presentation, by 
photograph, drawing, models , or live exhibition, of things to be 
studied, does not guarantee a thoughtful grasp of the subject. The 
insistence of modero educators on direct experience was certainly 
a valuable reaction to the remoteness of traditional teaching. BUI 
it is not enough to rnake the objects of study available for direct 
inspection. Piclures and films will be aids only if they meel the re
quiremenls of visual thinking. The unity of perception and concep
tion, which I have tried to demonstrate, suggesls that intelligent 
understanding takes place within the realm of the image itself, bul 
only if it is shaped in such a way as to interpret the relevant features 
visually. I have pUl it elsewhere as follows: 

Visual educalion musl be based on Ihe premise Ihal every piclure is a stalement. 
The picture does nol presenl Ihe objecl itself bUI a sel of propositions about Ihe 
objecl: or. if you prefer, il presenls Ihe object as a se! of propositions. 
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If the picture rails lo state the relevant propositions perceplually, 
il is useless. incomprehensible, confusing, worse Ihan no image 
at aH. In order 10 do its jobo the sight must conform t9 the rules 
of visual perception, which tell how shape and color determine 
whal is seen. Great progress has beeo made in this respect: bUI 
much remains lO be done. A few practical examples will make the 
point. 

How much do we know about what exactly children and other 
leamers see when they look at a lextbook illustration, a film. a tele· 
vision program? The answer is crucial because if the student does 
not see what he is assumed 10 see. the very basis of leaming is 
lacking. Have we a right to take for granted Ihat a picture shows 
what il represenls. regardless of what it is like and who is looking? 
The problem is most easily ignored for photographic material. We 
feel assu red Ihal since the piclures have been laken mechanically, 
they must be correct: and since they are realist ic . they can be trusled 
to show all the facIs; and since every human being has pracliced 
from birth how to look at the world, he can have no trouble with 
lifelike pictures. Do these assumptions hold lrue? 

In one of the early books on film theory, Béla Balázs lells Ihe 
story of a Ukrainian gentleman·farmer, who, disowned after the 
Soviet revolution. lived as Ihe administrator of his estate. hun· 
dreds of miles away from Ihe nearest railroad station. For fifteen 
years he had nol been in the city. A highly educated intellectual, 
he received newspapers, magazines, and books and owned a radio. 
He was up to date, but he had never seen a film. One day he Irav· 
eled to Kiev and at Ihat occasion saw his first movie. one of the 
early Douglas Fairbanks features. Around him in the theatre , chil· 
dren followed the story with ease, having a good time. The country 
gentleman sal slanng al the screen wilh the ulmost concentration, 
trembling of excitement and effort. "How did you like il?" asked 
a friend afterwards. "Enormously interesting." he replied, "but 
what was going on in lhe picture?" He had beeo unable to under· 
stand. 

The SIOry. authentic or oot, makes a val id point. There is much 
evidence thal the comprehension of photographic pictures cannol 
be taken for granted. Joan and Louis Forsdale have collecled ex
amples to show that Eskimos or African tribesmen were unable 
to perceive such pictures when first introduced to them. In extreme 
cases, a picture preseoted by the foreign visitor is a Hal object, 
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nothing more. Or a minor detail js the only thing recognized in a 
longish film. Or a panning shot eonfuses beeause it looks as though 
the houses are moving. Sorne of these obstaeles have beeo over
eome in Western culture; others persist in our owo childreo, un
reeognized. 

The reactions of Afriean natives reported in one of the studies 
which the Forsdales cite make it clear that the human mind does 
not spontaneously accept the rectangular limits of a picture. Visual 
reality is boundless; therefore when a film showed persoos goiog 
off the edge of the sereen. the audience wanted lo know how and 
why they had disappeared. Interruptions of the eontinuity of time 
are equally puzzling. An American film maker found lhat an Iranjan 
audience did nol follow the conneetion between a c1ose-up and a 
long shot. In order to make it cJear that a large isolated eye or foot 
belonged to the animal showo a moment before. the camera had 
to present the complete transition in motion. 

Many of our own children learn to aceept such breaks of spatial 
or temporal continuity at an early age. although even they will 
run into the problern when they face unfarniliar conditions. In a 
useful study of how well pupils in elementary and secondary schools 
haodle geographie maps, Barbara S. Bartz observed that children 
sometimes assume a country to end where the map ends. She noted 
that border lines are often so neat as to give a misleading impres
sion of completeness. and that "bleeding" the picture may do bet
ter than the finality suggested by the white margino The close-up 
problem ean repeat itself when insets are used in maps io order to 
accommodate a portion of an area for which there is no space on 
the page otherwise or in order to give a more detailed view of, say, 
a large city. 

Obviously, older ehildren handle this sort of problem better 
than younger ones, and socio-economic differences also show up 
cJearly. A bright chi ld will do better than a dull one, and sorne teach
ers are more skilful than others in training their pupils how to read 
a map. Teachers must be explicitly aware of the problems that 
arise because maps differ from the appearance of the ordinary visual 
world, and they must know the perceptual principies guiding a 
ehild's apprehension of visual patterns. The level of abstraetness, 
at which a map is conceived, should be geared, as 1 suggested ear
¡ier, to its purpose aod to the user's level of comprehension. As a 
case in point, Bartz mentioos that the graphie scales indicating how 
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many miles correspond to an ¡neh on the map should be no more 
detailed Ihan appropriate; a high sehool ehild needs more division 
for tiner measurement than does a fifth-grader. 

Frequently, visual pattems offer diffieulties of eomprehension, 
sorne of which eould be avoided if the pertinent pereeptual prin
cipies were more eonsciously observed. Seale differences, for ex
arnple, should be indicated conspicuously because . the notion of 
relative size militates against the primary evidence that a thing is as 
large as it appears. Hence the temptation to judge the size of two 
countries by the absoJute areas lhey occupy on two maps of dif
ferent scale. (Compare here the incurable caJamity of lantern slides. 
which show giant-sized insects, or miniature portraits as large as 
wall-sized mural s.) Map makers have been aware for centuries of 
the distortions of size and shape Ihat occur when the sphericaJ sur
face of the earth is projected on flat paper. Also, when the grid 
lines are curved, the directions of North and South are nOl the same 
for all areas of the map but bend at the top and the bottom. 

A voidable difficulties arise frequently in the use of colors. Basi
cally, colors indicate qualitative differences: Spain is blue, France is 
green, Italy is yellow. BUI hues also serve as layer-tints to indicate 
diffcrent elevations. W. H. Nault reports: 

We have found, for inSlance, Ihal children associale hue change (as from green 10 
brown 10 blue) with change in quality. and they associale value change (Iighl 10 
dark) with change in qualllity, amounl or inlensity. For example, many children 
said thal light blue areas indicated shallower waler and dark blue areas indicated 
deeper water. But when a purplish or reddish-blue was used 10 depicllhe deepesl 
waler category. two-thirds of Ihe children did nOI associate this with a further 
depth change. bu! rather guessed al all sorts of qualilative changes- islands, cora) 
reefs. and so on. We found hue a difficul! factor 10 handle in map-making. Children 
have learned many hue-associations before they ever leam to read maps: red is 
hoto blue is cold. green is grass, blue is water. etc. Thus. what oflen happens wilh 
maps is thal colors are spontaneously misinterpreted. 

This sort of problem calls for the help of artists, designers. and 
psychologists, acquainted with the theoretical and practical handling 
of perceptual principies. 

What holds for maps is equally true for every sort of visual pres
entation in textbooks , models, charts. films, etc. Careful investiga
tions of what (he persons see for whom these images are made are 
indispensable. It is worth noting in this connection that the manuals 
on audio-visual material s, which abound in lechnical detail other-
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wise, tend to dispatch these fundamental problems with the perfunc
tory recornmendation that the pictures be neat, natural, and simple. 

A single example may illustrate the visual iIIiteracy. which still 
goes largely unnoticed. Jean Piaget , the child psychologist who has 
been con cerned with perceptual problems all his life, used Figure 79 
lo test the comprehension of children. Do they understand how a 
tap works? When the handle is turned horizontally. the canal is open 

" 
, 

Figure 79 

and lels the water run through: otherwise it is c1osed. The child's 
performance will largely depend on whether the drawing is recog
nizable as a lap and whether it presents the relevanl aspects correctly. 
Is the cross-shaped object in Figure 79a a tap? The pipe. Hat rather 
than cylindrical, hangs in space. It does nol conlinue on topo nor 
does il receive water from anywhere. The hatching does not indicate 
liquid filling a hollow and shows little relation to the dark stripe , 
meanl to be the canal. The canal is in fronl of the handle rather than 
behind it. and the handle is not in front ofthe pipe. Does Figure 79b 
show a vertical handle outside of a pipe or ralher a kind of bob, 
swallowed by a rectangle or possibly a tube? 1 am nOI denying Ihat a 
persono immunized and warned by years of exposure to mediocre 
textbook illustrations, mail order catalogues, and similar products 
of visual ineptness, can figure out the meaning of these drawings, 
especially if helped by a verbal explanation. But surely. if a child 
passes the test he does so in spite of the drawing, nOI with the help 
of il: and if he fails, he has not shown that he does nol understand 
the working of a lapo He may simply be unable to extri cale himself 
from a visual pitfall. 

I 

/ 
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Foc;u.\" 01/ fUI/e/ion 

Delicient piclUres of this kind can be found at any level of abstract
ness. The drawings could be much more realistic and stil l unsuited 
to present Ihe relevant fealures of the physical situation. They fail 
nol because they are nol lifelike or devoid of detail but because 
they are ambiguous and misleading. The anatomical drawings of 
Leonardo da Vinci are so remarkably successfu l not only because 
he had the artistic abilit y to draw what he saw but because he saw 
every part of the human body as a contraption designed by a fel· 
low inventor. He saw every muscle. bone, or tendon as shaped for 
its purpose. and represented it as a tool. He used spat ial relations 
in order lO show functional connections. The same holds true. of 
course. for his technological drawings. 

Emanuel Winternitz has discovered remarkable examples of 
Leonardo's concern with analogies or parallels. One of the draw
ings "shows a diagram of lendons and muscles attached to lhe 
spine. Leonardo does nol draw the muscles in their full width, bul 
represents Ihem by thin cords te show c1early and Iransparenlly 
their funclion in stabilizing the vertebral column. In his comments 
on the page he compares the spine and it s cords 10 the mast of a 
ship and its sta ys. ,. Leonardo invenled a de vice by which the finger
holes of wind instruments. too widely spaced 10 be reachable by 
the human hand. can be controlled by wires. and Winternitz sug
gests (hat he took Ihis idea from the tendons of the human hand. 
which permil remote control of the finger tips. 

Leonardo was capable of linding analogies among materially 
distant mechanisms because what he saw in objecls of any kind 
was their "functional value:' Karl Duncker. who introduced thi s 
lerm inlo psychology, has shown thal all produclive thinking dis
cerns between essential principie and accidental embodiment. He 
experimented. for example. with Ihe following problem: 

Given a human being wilh an inoperable slomach fUmor . and rays which destroy 
organie tissue al suffieien¡ intensity, by what procedure ellO one free him of ¡he 
tumor by these rays and at the same time avoid destroying the healthy tissue 
whieh surrou nds it? 

He gave Figure 80 as a firsl approximation 10 the problem. With 
the simplicit y of a child's drawing the diagram depicts the essenti
als: the target within ¡he body, reached by rays. At first, the solution 
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may be sought at a highly abstraet level: Use an opening through 
which the rays ean pass without damaging the body! This leads to 
the next step of searching the anatomy of the body for sueh an open
ing. Duncker calls Ihis the approaeh "from above." One can also 
proceed "from below," by starting with an inventory of what is 
given anatomically, in (he hope of coming across somelhing that 
will give Ihe solution. The interaction of both approaehes is charac
teristic of successCul thinking, and they correspond, oC eourse, to 
the two polar levels oC learning material mentioned here earlier: 
the highly abstraet presentation oC principIe and the complexity 
oC the real-life situation. 

Figure 80 

Al both levels, however, the atlention of Ihe observer must be 
trained upon the funcl¡onal value embodied in the object. Duneker 
shows the foolish rnistakes that result when someone vaguely re
rnembers Ihe shape oC sorne useful device, without truly realizing 
the principie served by that shape. Inventors , on the other hand, 
are con cerned with Cunctional values, as the Leonardo drawings 
indicated. Designers a1so must be aware of the difference between 
principie and ernbodimenl , in order 10 realize where their imagina
tion has freedom and where il is bound. The designer David Pye 
has shown convincingly Ihat function never prescribes form, al
though il circumscribes its range. A wheel cannot be square-shaped 
but allows innumerable variations of the disk. A wedge can assume 
a hundred shapes. sizes, proportions, and so can a pin, a rod, a 
hook, a cup; because a funclion is a principie Ihat does nol ca]) for 
a particular form bUI for a type oC formo 
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The burdel! 01 ir all 

What 1 have said may seern all too theoretical. But ir contains prin· 
ciples that, if valid, should be constantly on any educator's mind. 
It is not enough to pay lip service to the doctrine of visual aids; oot 
enough to turo on the rnovie projector, more or less diffidently, to 
provide a few minutes of entertainrnent in the dark. What is needed, 
it seems to me, is the systernatic training of visual sensitivity as an 
indispensable part of any educator's preparation for his profession. 
The differeoce between a picture that makes its point and one that 
does oot can be discemed by anybody whose natural responses to 
perceptual form have been cultivated ratber tban stifled. 

The experimental and theoretical basis for visual education is 
being developed io psychology. Practical experience is best pro
vided by work in the arts. It is oot good strategy, however, to label 
perceptual sensitivity as artistic Of aesthetic, because this means 
removing it to a privileged dornajn, reserved for the talents and 
aspiratioos of the specialist. Visual thinking calls. more broadly, 
for the ability to see visual shapes as images ofthe paneros offorces 
Ihal underlie our existeoce-the functioning of minds, of bodies or 
machines, the structure of societies or ideas. 

Art works best when it remains unacknowledged. 11 observes 
tbat shapes and objects and events, by displaying their own nature, 
can evoke those deeper and simpler powers in wbich man recog· 
nizes himself. It is one of the rewards we earo for thinking by what 
we see. 



/ 
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Meanmglt'ss shapes ma/¡e troublt', pp. 
217-Nl. 

Stem: (267). 
Monlessori: (201) chapo 19. 
Plato: Meno. 82. 
Galtegno: (79) p. VIII. 
Rousseau: COII{eHions. book 6. 

Self-'"idt'nI geomelry. pp. 112-225. 
Schopenhauer: (257) book 1. f 15. 
Greek gcomel!")': lianke1 (10) pp. 20S 11'. 
Indian proof: Hankel (103) p. 207. 
Brecht: uben des G(llil~i. scene ) : "Das 

Denken gehOn zu den IfOssten Ver
¡nü¡ungen der menschlichen Ruse." 

Chapler /3 : 
Words in Their Place 

Cun one Ihin/.; in words?pp.117-229. 
Sapir: (2S2) p. 15. 
Brown on animal thinkill8: (27) p. 268. 
Wittgenstein (308) pan l. "# 650. 

Words 1I.f ¡mages, pp. 219-232. 

Kant: Krilik der reinen Vemunn , InlrOO .. 
see!.4. 

Words point 10 pt'TCepU, pp. 131-233. 
"sch on ¡he melaphor: (13). 

Wl'Iorf: (302) p. 146. 

Intu;ti"t' und intrlleclllal cognilion. 
pp. 233-138. 

Synoplic thinkina: Klafi.i (146) p. 36. 
Von HaJier. (102) vol. 2, p. 130: Hanson 

(104) p. 69. (1 have supplied the word 
passinl. which is minina in Hanson's 
quotation.) 

Lan¡uage: Herder (116), 
Cassirer: (34) p. 27: also (3.5) vol. 3. p. 15. 
Whorf: (302) pp. 213, 240. 
The m)'th or the bleatill8 lamb: Amheim 

(9) pp. 136-1 SO. 

What K'ord.J do Jo, imag~s. pp. 138-
240. 

Words as catelories: Orown (27) pp. 20S tr. 
and Wallach (290). 

Plato: Crutyfus 398. 



Wittgenstein: (307) p. 7. 

The imagery 01 logicallinks, pp. 240-
242. 

Fn:ud: (7) chapo 6, seel. e. 
Raphacl: Tht SchooJ of A,ht,u and 

ParnUssuJ (1 S08-11) are in Ihe 5lanz&. 
della Segnalura in Ihe Vatiean. 

Michotle: (l9S). 
/..,al/guage OI't rrated. pp. 242-246. 

Sapir: (251) p. IS. 
Humboldt: "Ueber die Kawi-Spraehe auí 

der Insel Java." lnlro.,' 9, p. 74. 
Lee: 073) p. lOS. 
Mauss: ( 190) p. 12.5. 
Whoñ: on faulty thinking (302) p. 135. 
Deese: (SO). 
Sarris; Ciled after Wemer (294), p. 61. 
unger: (l68) ehap . .5. 
Sapir: on Ihe binh of a coneept (252) p. 17. 
Lenneberg: (l74) p. 334. 

rhe effecl of linearity, pp. 246-250. 

Langer; (168) chapo 4, p. 80. 
Lessin.8: (177) esp. seet. 16. 
G. Chr. Uehlenberg: 8r;tft aus Englond. 

lener to Heinrich Christian Boie. daled 
Oclober 1. 1775. 

Camus: Ulftmmt fldullire (31). 
Linearity in radio plays: Arnheim (7) 

ehap. 7. 
Third Class Carriase: Honoré Daumier's 

painting. Un "'(Igan de "a;útme c/C/s$(' 
(e. 1862) is in the Metropolitan Museum 
of An in New York. 

Dylan Thomas: In (212.) p. 65. 

Vt>rbal ~'n.rus piclOrial conceplS, pp. 
25/-253. 

Sapir: (2.52) p. I J. 
Brown on TilChcner: (27) pp. 90 fr. 
Deese: ISO) p. 649. 
Dubuffet : Thl' Ca'" "'j¡I, ,ht Sflb/ill' Nasl' 

1I9S4) is in the Museum of Modem Art. 
New York. 

Chaplt'r /4: An and TllOlIghr 

Paul Klee; "'eh sehaffe pallr ne pas plel/ru, 
das ¡SI derlelZle und erste Grund"( 190.5). 
In Grohmann (97) p. 433. 
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Think¡ng in children's drawings, pp. 
255-260. 

Children's drawin¡.s: Some ofthe fol1owin¡ 
material was firsl published in Amheim 
(10) and i! used here by permission of 
George Braziller. New York. 

Representalional eoneepts: cr. Arnheim 
(3)chap.4. 

Personal problems work"d 0/11, pp. 
260-261. 

European ehild: This examplc: is taken from 
an undergraduate lerm paper of Miss 
Judilh Bemslein. 

Naumburg: (209,210). 

Cognirive operationJ, pp. 263-269. 
Inleraclion: Amheim (S). 
Sapir: (252) p. 123. 
Schlaueh: (256) p. 147. 

Abstract patt"rns in visual art, pp. 
269-273. 

Christ al Emmaus: Lu/.:e 24: 28-31. 

Chapter /5: Modelsfor Theory 

Poineari: (233) p. 129. 

Cmmological slwpes, pp. 274-280. 
Homerie acean: Rustow (250). 
Anaximander: Kirkand Raven (]45)p. 134. 
Comford: Munitz (203) p. 26. 
Babylonian Genesis: Jaeobsen in Munilz 

(203 ) p. 11. 
Aristotle: Munilz (20) p. 93. 
Galileo and cin::ular shape: Paoofsky (213) 

pp. 20 fr. 
Nc:wlon's leller: In Munitz (203) p. 21S. 
Mieholle: (195). 
Hume: Tr('u,Üt. book l. par! J. S~¡; I. 6. 

The nonv;Sl/a/ made ";sibll', pp. 280-
281. 

Image of the sphere: Mueh of the follow
¡ng material is taken from Mahnke (186). 

5eheffler: Angelus Silesius: Chtfflbi"i.\·chtT 
Wa"dusma"n: 

Als Gon verborgen lag in eines Magdleins 
Sehoss. 
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Da war cs. da der Punkt den Kreis in sich 
beschloss. 

(After Mahnke. p. 33.) 

Aristotle on the heart: In Mahnke. p. 225. 
Kepler on the trinity: Pauli (2161 p. 160. 

Models hove limils. pp. 282-283. 

Leibniz: After Mahnke (1 86) p. 17. 

Figure and ground and beyond. pp. 
283-287. 

Rubin: (249). 
Briuch: (26) p. ]31. 
Ap~iron : Kirk and Raven (145) p. 108 and 

Mahnke (186) pp. 238 fr. 
Kepler on the facullies of the sou]: Pauli 

(216) p. 186. 
Freud: (71) part 1, chapo 1. 
Schródinger: (258). 
Faraday: Newman (2 12) p. 65. 

Infinity and ¡he sphere, pp. 187-190. 

Gauss on infinity: after Kline (148) p. 396. 
Courant and Robbins: (44) p. 77. 
Plotinus: Mahnke (86) p. 67. 
Lucretius: Th~ Nalure 01 Ihe Universe. 

boak l. sect. 1050. 
Cusanus: Mahnke, pp. 761f. 
Hollon on Ihemala : (124) p. 99. 
Kant: (140) part 1. 
Hoyle: (126) afler Munitz (203) pp. 423 ff. 

The stretch o{ imagina/ion. pp, 290-
293. 

Einstein: (6 1) , 31. 
Fourth dimension: Manning (188). 
Helmholtz: On ¡he Origin and Signifir//llre 

oIGeometrirafAx;oms. in (112) p. 227. 
Eddinglon: in Munitz (203) p. 321. 
Einstein on the geometry of space: (61) 

132. 
Non·Euclidean pt:rspt:ctive: Amheim (3) 

chapo 5. 

Robens()Il: Munitz (203) p. 383: also 
Einstein (61)" 24. 

Kline: (148) p. 443. 

Chapter 16 : 
Vision in Educatíon 

Whal is art for? pp. 295-296. 

Coomaraswamy: (40. 41). 

Pictures as propositiolls, pp. 196-299. 
Kenchensteiner: see Weber (291) p . .56. 

Standard images (¡nd arl, pp. 199-301. 

Pestalozzi: (220). 
Schmid and Lange: Weber (291) pp. 26ft'. 
Vi11ard de Honnewun: (286). 
Signatures: see, e. g .. Pauli (216) p. 159. 

Looking and underslanding, pp. 30/-
305. 

Hanson: (104) p. 19. 
Wenheimer: (300). 
Continental drift: Hurley (128). 

Ho..., iIIustrarions teQch, pp. 305-308. 
Snow: (265). 
Hollon: (125). 

Problems of risllal aid. pp. J08-312. 
Frank: (69) p, 456. 
Pictures as statements: Amheim (4) 

p. 148. 
Bahizs: (16) p. 2. 
ForsdaJe: (68). 
Map reading: Banz (17) and Nault (208). 

Focus onfunclion. pp. 313-315. 

On Leonardo: Wintemitz (305, 306). 
Functional vaJue: Duncker (55). 
Pye: (241 J chapo 3. 
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Image: pictorial. chapo 8: reversible. 303 
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