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Preface

In this book I have tried to bring together a number of differ-
ent lmes of research, m a general theory of behavior that at-
tempts to bndge the gap between neurophysiology and psy-
chology, as well as that between laboratory psychology and the
problems of the chinic

The book 1s wntten, consequently, with the hope that it wall
be mtelhgible to the chmcian and the physiologist as well as to
psychologists The development of psychological theory can be
a cooperative affair, and has often been so m the past wntness
Helmboltz, Jackson, Pavlov, Freud. The climecian and the physi-
ologist frequently have direct access to data of first importance
for psychology, sometimnes without recogmzng the fact. Though
I have done my best, 1t may be chmmerical to hope that my discus-
sion 15 extensive and clear enough to stand on its own feet, for
the nonpsychological reader, The reader who needs 1t will find
more of the details of psychological theory mm Morgan (1943)
on physiological psychology, Hilgard and Marquis (1940) on the
theory of learning, Woodworth (1938) on “experimental” (nor-
mal human adult) psychology, and Moss (1942) or Maer and
Schneirla (1935) on ammal psychology. Of these, Morgan s
most directly relevant, and m several places I have assumed a
knowledge of fact to the extent provided by hus text.

It is a pleasure to record my indebtedness to the colleagues
who have read and mmproved the contents of this book. I owe
much to students in a semmar at Harvard Umwversity in the
summer of 1947, and 1n another at McGill University m the
following winter. Part or all of the manuscript was read by Pro-
fessor Harlow W. Ades, Professor Frank A Beach, Dr J. G
Beebe-Center, Professor R B MacLeod, Dr Franais McNaugh-
ton, Dr G A Miller, Dr Kazl Pribram, Professor H. E Rosvold,
and Professor R W. Sperry, and their help 1s gratefully acknowl-

off
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edged I am much mdebted to Professor Edwin G Boring,
Professor George Clark, Professor K S Lashley,and Dr J] C R
Lackhder for therr pamstaking and detailed criticism of a large
part of the manuscript, improving both matter and style My
greatest debt, perhaps, is to the weekly colloguium and the per-
sistent theoretical debate at the Yerkes Laboratories of Primate
Brology between 1942 and 1947, and to a small group taking
part therein who have also read the entire manuscript and have
contributed greatly to 1t—Professor Henry W Nissen, Mr and
Mrs Robt Blum, and Dr, Austin Riesen This board of crtics
should also include my wife, and to it, for the positive contribu-
tions made as well as for some of the changes and deletions
forced on me, both the reader and I owe much.

Fmally I should like to express my gratitude to those who have
helped with clencal work in the preparation of this book, 1 1its
various stages. particularly, Alice Sellers, Therese Mahoney, and
Margaret Halliday The McGill University Research Fund sup-
ported some of the experimental work that is briefly reported
here, and also made 1t possible to secure additional clerical as-
sistance

D O. Hess
BMontreal
April, 1949
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Introduction

Tt might be argued that the task of the psychologist, the task
of undesrstanding behavior and reducing the vagaries of human
thought to a mechamcal process of cause and effect, 15 a more
difficult one than that of any other scientist Certamly the
problem 15 encrmously complex, and though it could also be
argued that the progress made by psychclogy i the century fol-
lowmng the death of James Mill, with his crude theory of asso-
ciation, 18 an achievement scarcely less than that of the physical
sciences In the same period, 1t 15 nevertheless true that psycho-
logical theory is still in 1ts infancy There 15 & long way to go
before we can speak of undergtanding the principles of behavior
to the degree that we undefstand the principles of chemucal
reaction

In an undertaking of such difficulty, the psychologist pre-
sumably must seek help wherever he can find it. There have
been an ncreasing number of attempts to develop new mathe-
matical methods of analysis With these, in general, I do not
attempt to deal The method of factor analysis developed by
Spearman (1927) and greatly elaborated by Thurstone (1935) 1s
well established as a powerful tool for handling certamn kinds of
data, though the range of its use has been hmited by depend-
ence on tests that can be conveniently given to large groups of
subjects Another method 1s the application of mathematics
more directly to the mnteraction of populations of neurons, by
Rashevsky, Pitts, Householder, Landahl, McCulloch, and others ®
Bishop (1946) has discussed the work from the pomnt of view of
neurophysiology, and his remarks are fully concurred with here.
The prelimmary studies made with this method so far have been
obliged to smplfy the psychological problem almost out of

* Two papers by Culberison (Bull. Math Biophys, 1948, 10, 31-40 and
97-102), and Bishop’s review article, hst some of the more important of
the actusl titles m this fleld.
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existence, This is not a cniticism, since the attempt 15 to develop
methods that can later be extended to deal with more complex
data, but as matters stand at present one must wait for further
results before bemng sure that the attempt will succeed. Un-
doubtedly there 1s great potential value in such work, and if
the right set of imtal assumptions can be found it will pre-
sumably become, hke factor analysis, a-powerful ally of other
methods of study

However, psychology has an mtimate relation with the other
biological sciences, and may also look for help there 'There 1s
a considerable overlap between the problems of psychology and
those of neurophysiology, hence the possibality (or necessity) of
reciprocal assistance. The first object of this book 1s to present
a theory of behavior for the consideration of psychalogusts, but
another 1s to seek a common ground with the anatomist, phys:-
ologst, and neurologist, to show them how psychological theory
relates to thewr problems and at the same tune to make it more
possible for them to contribute to that theory

Psychology 15 no more static than any other science Physi-
ologists and clinicians who wish to get a theoretical onentation
cannot depend only on the wnitings of Pavlov or Frend. These
were great men, and they bave contnbuted greatly to psycho-
logical thought. But their contribution was rather 1 formulat-
ing and developing problems than in providing final answers,
Paviov himself seems to have thought of lus theory of condi-
tioned reflexes as something 1n continval need of rewvision, and
experimental results have continued to make revisions necessary.
the theory, that is, is still developing Again, if one were to re-
gard Freud's theory as needmg change only in its details, the
main value of his work would be stulified Theorzing at this
stage 15 hke skating on thin ice—keep moving, or drown Ego,
1d, and Superego are conceptions that help one to see and state
important facts of bebavior, but they are also dangerously easy
to treat as ghostly realihes. as anthropomorphic agents that want
this or disgpprove of that, overcoming one another by force or
guile, and punishing or being pumshed Freud has left us the
task of developmg these provisional formulationg of his to the
pomt where such a danger no longer exists When theory be-
comes static it is apt to become dogma; and psychological
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theory has the further danger, as long as so many of its prob-
fems are unresolved, of inviting a relapse into the vitalism and
indetermmism of traditional thought.

It 15 only too easy, no matter what formal theory of behavior
one espouses, to entertain a concealed mysticism m one’s think-
mg about that large segment of behavior which theory does not
handle adequately To deal with behavior at present, one must
oversimplify The risk, on the one hand, is of forgettmg that
one bas oversimplified the problem, one may forget or even deny
those nconvenient facts that one’s theory does not subsume.
On the other hand is the nisk of accepting the weak-kneed dis-
couragement of the vitahst, of bemng content to show that exist-
ing theones are imperfect without seeking to improve them.
We can take for granted that any theory of behawvior at present
must be madequate and incomplete. But 1t 1s never enough to
say, because we have not yet found out how to reduce behawior
to the control of the bram, that no one in the future will be able
to do so.

Modern psychology takes completely for granted that behavior
and neural function are perfectly correlated, that cne is com-
pletely caused by the other. There 15 no separate soul or Iife-
force to stick a finger into the bramn now and then and make
neural cells do what they would not otherwise Actually, of
course, this 15 2 working assumption only—as long as there are
unexplained aspects of behavior. It 1 quite concewvable that
some day the assumption will have to be rejected. But i 13
mmportant also to see that we have not reached that yet.
the working assumption 18 a necessary one, and there 1 no real
evidence opposed to it. OQur failure to solve a problex}n\so far
does not make it wnsoluble One cannot logically be a deter-
munist in physics and chemistry and biology, and a mystic m
psychology

All one can know about another’s feelmgs and awarenesses is
an inference from what he does—from his muscular contractions
and glandular secretions. These observable events are deter-
mined by electrical and chemical events 1n nerve cells If one
is to be consistent, there 15 no room here for a mystenous agent
that 15 defined as not physical and yet has physical effects
(espewally simce many of the entibes of physics are known only
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through their effects). “Mind” can only be regarded, for scien-
tfic purposes, as the activity of the bram, and this should be
mystery enough for anyone. besides the appallng number of
cells (some nme billion, according to Herrick) and even more
appallng number of possible connections between them, the
matter out of which cells are made 1s bemng itself reduced by
the physicist to something quite unlike the mert stick or stone
with which mind 1s traditionally contrasted. After all, it is that
contrast that 1s at the bottom of the vitahst’s objechon to @
mechamistic biology, and the contrast has lost its force (Herrick,
1929) The mystc mght well concentrate on the electron and
let behavior alone. A philosophical parallehsm or idealsm,
whatever one may think of such conceptions on other grounds,
is quite consistent with the scientific method, but mnteractionsm
seems not to be.

Psychologist and neurophysiologist thus chart the same bay—
working perhaps from opposite shores, sometunes overlapping
and duphcatmg one another, but using some of the same fixed
pomts and contipually with the opportumty of contmibuting to
each other’s results The problem of understanding behavior 15
the problem of understandmg the total action of the nervous
system, and vice versa This has not always been a welcome
propostton, erther to psychologust or to physiologist

A vigorous movement has appeared both m psychology and
psychatry to be nd of “physiologizing,” that 1s, to stop using
physiological hypotheses This pogt of view has been clearly
and effectively put by Skinner (1938), and it does not by any
means represent a relapse mnto vatalism The argument s re-
lated to modern positivism, emphasizes a method of correlabhng
observable sttmuli with observable response, and, recogmzing
that “explanation” 1s ulhmately a statement of relationships be-
tween observed phenomena, proposes to go to the heart of the
matter and have psychology confine itself to such statemepnts
now This pomt of view has been criheized by Pratt (1939)
and Kohler (1940) The present book 1s written 1 profound dis-
agreement with such a program for psychology. Disagreement
15 on the grounds that this arses from a misconception of the
scientific method as 1t operates 1n the earher stages Those ap-
parently naive features of older scientific thought may have had
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more to do with hithng on fertile assumptions and hypotheses
than seems necessary mn retrospect. The antr-physiological po-
sibon, thus, m urgng that psychology proceed now as 1t may be
able to proceed when 1t 1s more highly developed, seems to be
m short a counsel of perfechion, disregarding the lmitations of
the human mtellect. However, 1t 15 logically defensible and
may «yet show by its fertlity of results that it 15 mdeed the
proper approach to aclieving prediction and control of behavior

If some psychologists ib at the physiologist for a bedfellow,
many physiologists agree with them heartily One must sympa-
thize with those who want nothing of the psychologist’s hair-
sphttmg or the indefimiteness of psychological theory There 13
much more certamty m the study of the electrical activity of a
well-defined tract m the bram The only question 1s whether
a physiology of the human bram as a whole can be achieved
by such studies alone One can discover the properties of its
various parts more or less mn 1solation, but it 1s 2 truism by now
that the part may have propertes that are not evident m 1sola-
tion, and these are to be discovered only by study of the whole
mtact bram The method then calls for learming as much as
one can about what the parts of the bramn do (prnmarly the
physiologst’s fleld), and relatmg behavior as far as posstble to
this knowledge (pnmanly for the psychologist), then seeing
what further information 1s to be had about how the total bram
works, from the discrepancy between (1) actual behavior and
(2) the behavior that would be predicted from adding up what
is known about the action of the various parts.

This does not make the psychologst a pbysiologist, for pre-
cisely the same reason that the physiologist need not become a
cytologst or biochemust, though he 1s mtimately concerned with
the mformation that cytology and biochemistry provide. The
difficulties of finding order 1n behavior are great enough to re-
qure all one’s ‘attention, and the psychologist is mterested m
physiology to the extent that it contmbutes to kus own task

The great argument of the positivists who object to “physiolo-
gizing” 15 that physiology has not helped psychological theory.
But, even if this 1s true (there 1s some basis for denymng 1t), one
has to add the words so far. ‘There has been a great access of
knowledge 1n neurophysiology smce the twenties. The work of
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Berger, Dusser de Barenne, and Lorente de N6 (as examples)
has a profound effect on the physiological conceptions utihzed
by psychology, and psychology has not yet assumilated these re-
sults fully

The central problem with which we must find’a way to deal
can be put m two different ways. Psychologically, it 1s the
problem of thought some sort of process that 1s not fully con-
trolled by environmental shmulation and yet cooperates closely
with that shmulation. From another pomt of wview, physio-
logically, the problem is that of the transmission of excitation
from sensory to motor cortex. This statement may not be as
much oversumphfied as 1t seems, especially when one recogmzes
that the “transmission” may be a very complex process indeed,
with a considerable tume lag between sepsory stimulation and
the final motor response The failure of psychology to handle
thought adequately (or the failure of neurophysiology to tell us
how to conceive of cortical transmission) has been the essental
weakness of modern psychological theory and the reason for
persistent difficnlties m dealmg with a wide range of expen-
mental and chnical data, as the followmng chapters will try to
show, from the data of perception and learning to those of
hunger, sleep, and neuros:s,

In mammals even as low as the rat it has turned out to be
mnpossible to describe behavior as an interaction, directly be-
tween sensory and motor processes. Something like thinking,
that 15, intervenes “Thought” undoubtedly has the connotation
of a human degree of complexty in cerebral function and may
mean too much to be apphed to lower amimals But even m
the rat there 15 evidence that behavior 15 not completely con-
trolled by immediate sensory events: there are central processes
operating also

What 1s the nature of such relatively autonomous activities in
the cerebrum? Not even a tentative answer 1s*available. We
know a good deal about the afferent pathways to the cortex,
about the efferent pathways from 1t, and about many structures
Linking the two. But the hnks are complex, and we know prac-
tically nothing about what goes on between the armval of an
excitation at a sensory projechon area and its later departure
from the motor area of the cortex Psychology has had to find,
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i hypothesis, a way of bridging this gap n its physiological
foundation In general the bridge can be described as some
comparatively smple formula of cortical transmission® The
particular formula chosen manly determmes the nature of the
psychological theory that results, and the need of choosmng 1s
the major source of theoretical schism

Two kinds of formula have been used, leadng at two extremes
to (1) switchboard theory, and sensori-motor connections, and
(2) field theory (Erther of these terms may be regarded as
opprobrium, they are not so used here ) (1) In the first type
of theory, at one extreme, cells mn the sensory system acqure
connections with cells mn the motor system, the function of the
cortex 18 that of a telephone exchange Connections nigidly de-
termine what ammal or human bemng does, and thexr acquisition
constitutes learning Current forms of the theory tend to be
vaguer than formerly, because of effective criticism of the theory
i 1ts earher and simpler forms, but the fundamental 1dea 1s stll
maintained (2) Theory at the opposite extreme demes that
learning depends on connechions at all, and attempts to utilize
instead the field conception that physics has found so wseful,
The cortex 1s regarded as made up of so many cells that 1t can
be treated as a statistically homogeneous medium The sensory
control of motor centers depends, accordingly, on the distnbu-
tion of the sensory excitation and on ratios of excitation, not on
locus or the action of any specific cells.

Despite theirr dufferences, however, both theoretical approaches
seem to mmply a prompt transmission of sensory excitation to the
motor side, if only by failling to specify that this 13 not so No
one, at any rate, has made any senous attempt to elaborate
ideas of a central neural mechamsm to account for the delay,
between stumulation and response, that seems so characteristic
of thought. There have indeed been neural theores of “motor”
thought, but they amount essentially to a continual interplay of
proprioception and minumal muscular action, and do not provide
for any prolonged sequence of itracerebral events as such,

But the recalcitrant data of animal behavior have been draw-

®The sumpheity possibly accounts for the opinion expressed by an anato-
st who claimed that psychologists thnk of the bram as having all the
ﬁnerstruchneofabowlfulafporddge.
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ing attention more and more nsistently to the need of some
better account of central processes This 1s what Morgan (1943)
has recognized in saying that “mental” vamnables, repeatedly
thrown out because there was no place for them 1 a stimulus-
response psychology, repeatedly find their way back n agamn m
one form or another The 1nage has been a forbidden notion
for twenty years, particularly mn ammal psychology, but the
fiend was hardly exorcised before “expectancy” had appeared
mstead. What 1s the neural basis of expectancy, or of attention,
or wnterest? Older theory could use these words freely, for it
made no senous attempt to avoid an mteractionist philosophy
In modern psychology such terms are an embarrassment; they
cannot be escaped 1f one 1s to give a full account of behavior,
but they still have the smell of animism. and must have, until
a theory of thought 15 developed to show how “expectancy” or
the like can be a physwlogically mntelhgible process

In the chapters that follow this mtroduction I have tried to
lay a foundation for such a theory It is, on the one hand and
from the physiologist’s point of view, quite speculative. On the
other hand, 1t aclueves some synthesis of psychological knowl-
edge, and it attempts to hold as strictly as possible to the psy-
chological evidence m those long stretches where the guidance
of anatomy and physiology 1s Jacking The desideratum 15 a
conceptual tool for dealing wath expectancy, attention, and so
on, and with a temporally organized mtracerebral process. But
this would have Lttle value if 1t did not also comprise the mam
facts of perception, and of learning To achieve something of
the kind, the limitations of a schema are accepted with the pur-
pose of developing certamn conceptions of neural action Ths
is attempted m Chapters 4 and 5, Chapters 1 to 3 try to clear
the ground for thus undertakmg From Chapter 6 onward the
conceptions dentved from schematizng are applied to the prob-
lems aof learung, vohtion, emotion, hunger, and so on. (In gen-
eral, the reader may regard Chapters 1 to 5 as mamly prepara-
tory, unless he 1s particularly mterested in the neurological de-
tails, or 1 the treatment of perception, to get the gist of the
theory that 1s presented here one should read the two following
paragraphs, and turn directly to Chapter 8 ) In outlne, the
conceptual structure 1s as follows:
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Any frequently repeated, particular stimulation will lead to
the slow development of a “cell-assembly,” a diffuse structure
comprising cells in the cortex and diencephalon (and also, per-
haps, m the basal gangha of the cerebrum), capable of actmg
briefly as a closed system, delivenng facilitation to other such
systems and usually having a specific motor facilitation A seres
of such events conshitutes a “phase sequence”—the thought
process Each assembly action may be arcused by a preceding
assembly, by a sensory event, or—normally—by both The cen-
tral faciitation from one of these achivities on the next 1s the
prototype of “attention” The theory proposes that in this cen-
tral facilitation, and 1ts varied relationship to sensory processes,
lies the answer to an issue that 15 made mmescapable by Hum-
phrey’s (1940) penetrating review of the problem of the direc-
tion of thought.

The kind of corhcal organization discussed in the precedmg
paragraph 1s what 15 regarded as essenhal to adult waking be-
havior It 1s proposed also that there 1s an alternate, “intrinsic™
orgamzation, occurnng m sleep and m infancy, which consists
of hypersynchrony in the finng of cortical cells But besides
these two forms of cortical organization there may be disorgam-
zation It 1s assumed that the assembly depends completely on
a very delicate tming which might be disturbed by metabolic
changes as well as by sensory events that do not accord wath the
pre-existent central process When this 15 transient, it 15 called
emotional disturbance, when chrome, neurosis or psychosis

The theory 1s evidently a form of connectionism, one of the
switchboard vanety, though 1t does not deal in direct connec-
tions between afferent and efferent pathways not an “S-R” psy-
chology, if R means a musculgr response The connections serve
rather to establish autonomous central activities, which then
are the basis of further learning In accordance with modern
physiologieal 1deas, the theory also utilizes local field processes
and gradients, following the lead particularly of Marshall and
Talbot {1942) It does not, further, make any single nerve cell
or pathway essential to any habit or perception Modern physi-
ology has presented psychology with new opportunities for the
synthesis of divergent theories and previously unrelated data,
and 1t 15 my ntent to take such advantage of these opportum-
ties ns I can.
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and the Line of Attack

This book presents a theory of behavior that is based as far
as possible on the physiology of the nervous system, and makes
a sedulous attempt to find some community of neurological and
psychological conceptions.

The purpose of this first chapter 1s to define the major diffi-
culties n the way of such an undertaking and to show how
these difficulues determine the hne 1t must take. The great
need, as I have tned to make clear 1 the Introduchon, 1s for a
physiological theory of thought (or some equivalent term that
can be apphed to animals as well as to man).

Let us look first at the specific problem from which the present
speculations began, to see why the discussion is orented as 1t 15

The problem lay in certain puzzling effects of operation on
the human bram The effect of a clearcut removal of cortex
outside the speech area 1s often astomishingly small, at tumes no
effect whatever can be found (Hebb, 19424, 1945b). It 1s pos-
sible that there 15 always a loss of intelligence m aphasia, when
the “speech area” 15 senously damaged, but this does not, of
course, explam why damage elsewhere should have no effect.
It would be unreasonable to suppose that most of the cortex has
nothing to do with mtelligence, and there are m fact definite
mdications that this 1s not true Intelligence must be affected
by any large brain mjury—yet sometimes 1t seems not fo be.

A final touch 1s added to the puzzle when we find that it is
tests of the Binet type that least show the effect of mjunes out-
side the speech area. The Bmet 15 the measure of ntelligence
that 1s most sensitive and accurate with normal subjects How
can 1t be possible for a man to have an IQ of 160 or higher,

I


http://www.cvisiontech.com

2 The Problem and the Line of Atftack

after a prefrontal lobe has been removed (Hebb, 1939), or for
a woman (described by Rowe, 1937) to have an IQ of 115, a
better score than two-thuds of the normal population could
make, after losing the entire right half of the cartex?

Those two are perhaps the most sitnking cases, but high scores
after hram operation have been reported by nearly everyone
who has used standard tests as a method of study, and they
have to be explamed. Most mvestgators have preferred to
forget them, and to search only for intellectual defects The
defects certamnly must exist, and 1t 1s important to find them,
but it 1s Just as important to learn why Binet-type tests, the most
valid and sensitive indices of normal ability, should often show
no effect of mjury to the bramn

The only explanation that has been proposed, and perhaps the
only feasible one, has to do with perceptual learning and with
concepts as distinet frém conditioned résponses or motor learn-
mg {Hebb, 1842a). The explanation, roughly, 1s this. The level
of intelligence-test performance 15 a funchon of the concepts a
patient has already developed. Once developed, a concept 15
retamed, despite bramn damage that, if it had occurred earlier,
would have prevented the development The patient with bram
mjury at matunty may continue to think and solve problems
normally (in famular flelds}, although his mtelligence would
have been far from normal if a similar mjury had happened at
birth, The explanation meets the clinical facts and, moreover,
1s supported by the way 1n which some mtellectual capacities are
retained 1n old age when others are disappearing.

But now we come to the crux of the matter As an explana-
tion, this is only a good start. What is a concept, physiwlogi-
cally and ¢ propos of the loss of neural cells? Though it has
been tned before mow, an explanation cannot be half neural
anatomy and half consciousness. They are different levels :n a
logical hierarchy. A problem recognized at one level can be
solved by recourse to a more fundamental set of conceptions,
but an hypothesis cannot well comprise two levels, take n two
universes of discourse at the same time We want to explain
certam climical facts To really do so, we must find an ana-
tomical and physiological understanding of what is known psy-
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chologically as a concept, and we must be able to deal with 1ts
relation to perception and to learming.

And with that, we land nght i the middle of the generalized
problem of explainmg mammahan behavior. What 15 a con-*
cept, 1f 1t 15 not a comchtioned response? What 15 perceptual
learnmg? And so on. Before such questions can be answered,
psychological theory must have a new base of operations As
an illustration, a particular problem has been cited, but the daffi-
culty 1s really general, as the followmg section will try to show,
and there 1s no phase of psychological theory in which the same
central weakness does not appear

It has already been suggested that the essential need 1s to find
out how to handle thought, and related processes, more ade-
quately The difficulty m domng so goes back to fundamental
assumptions If thuis discussion 1s to rest on sohd ground, it
must start with certain ideas with which every psychologist is
concerned but which have been confused, vague, or 11l defined.

This first chapter, accordingly, will dot some s and cross
some #'s, so that we can get down to business in what follows.
There are two fundamental assumptions to be dealt with One
of them must be rejected, one accepted The rest of this chapter
will show how they determine a point of attack for the revision
of theory

REJECTING THE ASSUMPTION OF A COMPLETE
SENSORY CONTROL

The first to be discussed 1s what can be called the assumption
of a sensory dommnance of behavior It 1s the idea that be-
havior 1s a senes of reactons (instead of achons), each of which
is determmed by the immediately preceding events n the sen-
sory systems The 1dea 15 not altogether consistent with recog-
mzing the existence of set, attitude, or attention, and an implicit
mcensistency of thus sort 15 at the root of the current confusion
mn psychological theory

It may be noted 1n passing that the assumption of a sensory
dominance of behavior 15 not the property of any particular
theory Theories differ as to how a sensory event has its effect,
but not as to its allimportant role. Gestalt psychology avoids
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words hke “stimulus” and “sensation” but as a system is not less
preoccupied with shmulus configurations than other systems are
with therr stimul (p. 23)

Now for the source of confusion

In the simplest terms, “attention” refers to a selectivity of
response Man or ammal 15 continuously respondmg to some
events 1 the environment, and not to others that could be re-
sponded to {(or “noticed”) just as well When an experimental
result makes 1t necessary to refer to “set” or “attention,” the ref-
erence means, precisely, that the achvity that controls the form,
speed, strength, or duration of response 1s not the immediately
preceding excitation of receptor cells alone. The fact that a
response 15 not so controlled may be hard to explan, theo-
retically, but 1t 1s not mystical, and “attention” 1s not necessanly
anthropomorphic, or ammste, or undefinable.

Now the tradition m psychology has long been a search for
the property of the stimulus which by itself determines the
ensuing response, at any given stage of learming. This approach
seems partly a consequence of psychology’s persistent fight
agamnst anmmsm ® and deserves respect for that reason, but 1t
1s no longer satisfactory as theory Almost without exception
psychologists have recogmuzed the existence of the selective cen-
tral factor that remforces now one response, now another. The
problem 1s to carry out to its logical conclusion an mcomplete
line of thought that starts out preoccupied with stmulus or
stimulus configuration as the source and control of action, even-
tually runs mnto the facts of attention and so on, and then simply

* And partly, as we shall see, the product of anhquated physiological con-
cephons Fighting ammism meant that psychological phenomena had to be
reduced to a pattern of cause and effect The only means at hand was a
physwlogy of the nervous system in which a Imowlecllge of sense organs and
penpheral nerve was the main content As a result, 1t 15 stll easy to feel
that psychology becomes part of a larger demonology with any retreat from
Ahe sumulus-response formuyla, As for “mmsight,” “purpose,” “attenton™
any one of these may still be an invocation of the dewvil, to the occasional
psychologist. However, this attitude should not be too much made fun of
It cannot be emphasized too strongly that there is continual danger of slip-
ping momentarily into amxmistic thinking, and consistent use of the S-R for-
mula does at least avoid that danger effectively It behooves those of us
who wish to use other terms to see that they are clearly defined
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agrees that attention 1s an important fact, without recogmzing
that this 1s mconsistent with one’s earhier assomptions To com-
plete this process, we must go back and make a change n the
basis of the theory

There are three pomnts here one is that psychologists have
generally recogmzed the existence of attention or the like, an-
other that they have done so reluctantly and sparmgly, and
have never recogmized the fact m setting up theories. The third
point 1s obvious enough, that we need to find some way of deal-
ing with the facts consistently Since everyone knows that at-
tention and set exist, we had better get the skeleton out of the
closet and see what can be done with 1t.

The first two of these pomnts have been pretty clearly estab-
Iished by Gibson (1941) His review needs some clarification
m one respect, since he declined to attempt any definition of
“set” or any other of the long list of terms with a similar mean-
ing that he gathered together, although he evidently recognmzed,
m classifymg them so, that they have something mn common
This common meanng has already been defined. When one
considers the problem m the hght of the implicit assumption of
a sensory dominance of behavior it becomes clear at once that
the notions of set, attention, attitude, expectancy, hypothesis, -
tention, vector, need, perseveration, and preoccupation {Gibson,
1941, pp 781-782) have a common element, and one only.
That element 15 the recognition that responses are determined
by something else besides the immedately preceding sensory
stimulation. It does not deny the mmportance of the immediate
stimulus, it does deny that sensory stimulation 1s everything
behavior.

All such terms, then, are 2 reference to the “central process
which seems relatively independent of afferent struly,” defined
by Hilgard and Marquis (1940}, which I shall call here the
autonomous central process Gibson's review shows m effect
that the process 15 ubiquitous, that it crops up n every sort of
psychological investigation—and that almost everyone has recog-
mzed 1ts existence, in one form or another To Gibson's Lst
can be added Pavlov's (1928) and Hull's (1943) stmulus trace—
a lasting cerebral state, set up 1t 1s true by a speafic stimulus
but not transmitted and dissipated at once, Beach’s (1942) cen-
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tral excitatory mechanism, Morgan’s (1943) central motive state,
and Kleitman’s (1939) “interest"—a factor m wakefulness. All
these things have the same property of an activity that has a
selective effect on behavior without bewmng part of the present
afferent excitation.

Everyone has had such ideas about the control of behawior,
and yet, as Gibson noted, “The meanung [of the term “set”] 1s
felt to be unsatisfactory, and the concept 15 employed seluctantly
and only because the facts make it absolutely unavoidable ”
The reluctance 1s partly no doubt because of a feehng that the
concept is animustic, in some obscure way But why animism,
if the facts of behavior make 1t unavoidable? The trouble really
seems to have been mn finding how to make an essenhal idea
mtelhigible

Hilgaréd and Marquis’ central process, and Beach’s central
excitatory mechanmism, are hypothetical entities, but they cer-
tamnly have no flavor of animism about them “Attention” and
“set” are now seen to fall in the same class 1t may well be that
therr connotations are misleading and that we shall have to look
for new terms, but the 1dea itself 15 respectable, and such lan-
guage need no longer nisk starting a witchhunt.

THE NEURCOLOGCICAL PROBLEM OF ATTENTION

There 1s a further hazard on the course Tlus 1s the apparent
lack of a theorehcal rationale for the autonomous central process
Actoally, modern neurophysiology has already removed tius
difficulty.

Here again the situation can only be understood historically
A mam function of the neural cell 1s of course to transmit exci-
tations, and earher 1deas of anatomy and physiology made the
central nervous system appear, in principle, a collechon of
routes, some longer, some shorter, leading without reversal from
receptors to effectors—a mass of conductors that hes machve
until & sense organ 1s excited, and then conducts the exeitaton
promptly to some muscle or gland We know now that this 15
not so, but the older 1dea still has a profound effect on psycho-
logical thought—demonstrated, for example, in the assumption
of sensory dommance, discussed above

-
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The Iack of a rationale for nonsensory influences on behavior
that seemed to exist m 1920 certainly exsts no more Psycholo-
gists have long had to recognize (smce the days of the Wurzburg
school at least) the existence of a determning tendency, whether
physiology made it comprehensible or not. Modemn electro-
physiology has more than caught up with psychology and now
provides abundant evidence to support the same dea When
the detailed evidence of neurophysiology and histology are con-
sidered, the conclusion becomes mevitable that the nonsensory
factor 1n cerebral achon must be more consistently present and
of more dommating importance than reluctant psychological
theory has ever recogmzed Instead of a joker to occasionally
confuse the student of behavior, nonsensory activities appear
in every fall of the cards and must make up a large share of
the deck. Neurophysiologically, 1t may even become & problem
to account for any consistent effect of a specific shmulus (pp
121, 128).

Electrophysiology of the central nervous system indicates m
brief that the bramn is continuously active, m all 1ts parts, and
an afferent excitabon must be superimposed on an already
existent excitation. It 15 therefore mmpossible that the conse-
quence of a sensory event should often be uninfluenced by the
pre-existent achvity. If we recogmze m that activity the psy-
chologically known factor of set and the ike (as Denny-Brown,
1932, suggested some time ago), the problem for psychology 1s
1o longer to account for the existence of set but to find out how
it acts and above all to learn how 1t has the property of a con-
sistent, selective action mstead of producing the random-error
distnbution postulated by Hull (1943) m his “oscillation prm-
ciple.”

So there really 1¢ a rational basis for postulatng a central
neural factor that modifies the achon of a stimulus. The theo-
retical problem now is to discover the rules by which 1t oper-
ates At first glance this 1s a problem for the neurophysiologist
only But look closer, much of the evidence, from which these
rules must be worked out, 1s psychological, or behavioral. The
problem 15 after all the problem of attention, and seen best m
the actiity of the whole amimal It is m the ghest degree
unlikely that it can be solved either from the physiological evi-
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dence alone or from the behavioral evidence alone What we
need, evidently, 1s some synthesis of both kinds of datum The
psychological data have been reviewed briefly (for a fuller ac-
count, see Hilgard and Marqus, 1840; Gibson, 1941, Morgan,
1943—under such headmgs as attitude, expectancy, and set).
Let us turn now, agam briefly, to the anatomical and physio-
logical evidence that has made a drastc chenge m the theo-
retical problems of behavior.

For our purposes, the physiological evidence can be treated
under two heads, as bearing on {1) the existence and properties
of a continuous cerebral activity, and (2) the pature of synaptic
transmission m the central nervous system

1 ‘The studies reviewed by Jasper (1937), beginning with
Berger’s work and its confirmation by Adrian, have shown with
practical certamnty that the central nervous system 1s continu-
ously active, 1n all its parts, whether exposed to afferent stmula-
tion or not It appears that the EEG, or electroencephalogram,
must be at least'm part a summation of action potentals, an
mndex of actual cellular firng There are changes of cell poten-
tial without active transmission of 1mpulses (Gibbs, 1945), and 1t
1s quite possible that these are the source of much of the EEG.
However, there 15 a considerable body of evidence to show that
neural tissue 15 persistently active, and presumably the EEG
includes a record of that achwity It 1s taken here as a working
assumption that the EEG is correlated with neural firing—that
large potentals mdicate 2 local synchrony of fring, even though
other factors contribute to the size of the potential The psy-
chological usefulness of this assumption will perhaps become
evident mn the following chapters.

The evidence concerning persistent activity consists first of a
number of studies showmg dwrectly that the neural cell fires
spontaneously, { e, under no shmulation except that of the nu-
trient fluids bathing i1t (Fessard, cited by Jasper, 1937, Prosser,
1934, Lehmann, 19374, 1937b, Bronk, 1939, Dubner and Gerard,
1939, Libet and Gerard, 1939). Secondly, a very important
paper for the theory of behavior, by Weiss (1941a), reports
spontageous, almost incessant motor activity m a transplanted
amplubian limb mnervated from a pool without afferent fibers.
The activity of the hmb was not normally coordinated, which
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agrees with the general 1dea that sensory activaty is essental to
the regulation of central neural firing but not essential to 1nihat-
mng it. Finally, the work of Adnan and hs collaborators+ Adrian
and Matthews (1934) rejected the earlier opmion of Adrian
(1931) and Adrnan and Buytendnk (1931}, and concluded defi-
nitely that the EEG 1s the summation of single sharp potentials,
the result of actual cellular firing They concluded further that
the activity 15 not necessanly maintamed by sensory activity
Elsewhere Adrian (1934, p. 1128) has stated lus general con-
clusions: “There are cell mechanisms in the brain which are set
so that a penodic discharge 1s bound to take place. The mo-
ment at which it occurs can be greatly altered by afferent in-
fluences, but 1t cannot be postponed ndefimtely ”

Several comments may be made on these conclusions Spon-
taneity of firng by central neural cells 1s not philosophic inde-
termmacy, as some writers have thought, the “spontaneity”
means only that synaptic shmulation 1s not the sole cause of
firng. As Adnan pointed out, also, the cell that is capable of
firng spontaneously 1s also open to synaphc control. If it 1s left
undisturbed the processes of metabohsm will lead 1n the end to
finng, but obviously an afferent stunulation could always catch
the cell in the penod between the absolute refractory state and
the time of spontaneous discharge With a frequent arrival of
mpulses at the synapse, therefore, the cell can never reach the
pomt of spontaneous achon but must reman under afferent
control

A very mteresting relationship exsts between sensory achvaty,
EEG, and coordinated, adaptive behavior (or “conscious state”).
There 15, in the first place, Adnan and Matthews’ observation
that sensory processes, mstead of supporting synchronous,
rhythmic firmg and large potentials in the EEG, have the op-
posite effect They mtroduce uregulanty and flattenmng of the
electrical record In the second place, large potenhals, or
“hypersynchrony,” negate or may negate normal funchon (Jas-
per, 1941), That 1s, sensory activity breaks up hypersynchreny
and makes for normal, coordinated, adaptive activity Bartley
and Bishop (1933) and Adnan and Matthews have even pro-
posed that anesthebes produce “unconsciousness™ by suppressing
sensory activity rather than acting directly on the cerebrum
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mtself. It does seem clear from the facts discussed, from the
large potentials observed m sleep, and from the hypnotic effect
of mmmizmg the normal varation of sensory achwity, that the
sensory wnput to the bram has a constantly necessary function,
for adaptive behavior We shall return to this pomt later
(p 145). For the present, it has been advisable to pomnt out
that recognizmg the existence of spontaneous neural achivity 18
nerther indetermmacy nor a demal of the importance of sensory
processes i normal behawior.

2 The nature of synaptie transmission in the central nervous
system 1s also of fundamental importance for the theory of be-
havior There are two radical modifications of earifer ideas:
transmussion 1s not sumply linear but apparently always involves
some closed or recurrent circuits, and a single mmpulse cannot
ordmanly cross a synapse—two or more must act simultane-
ously, and two or more afferent fibers must therefore be active
in order to excite a third to which they lead

The concepts of neural action chiefly developed by Lorente
de N6 (19384, 1938b, 1939, 1943) are well enough known by
now to need no elaborate review It 18 necessary, however, to
pomnt out that they have revoluticnary implications for psycho-
logical theory.

In parhcufar, the psychological criticism advanced by Koffka
(1924), Lashley (19295, 1930}, and Kohler {192S), aganst the
theory of peural connections as the basis of learming, apphes
only, to the older theory of linear, sensori-motor connections,
which a single cell was supposed to be always capable of excit-
ing a second cell with which 1t synapsed The cnticism 1s effec-
tive against the 1dea that synaptic resistances are all that deter-
mines the direction of transmission at the synapse A radical
change in the whole problem, however, has been made by con-
siderations of timing 1 transmission {Gasser, 1937) and by the
conception of “optional transmission” (Lorente de N6, 1939)

In a smgle system, and with a constant set of connections be-.
tween neurons n the system, the direchion in which an entering
excitation will be conducted may be completely dependent on
the tining of other excitations Connections are necessary but
may not be decisive mn themselves, mn & complex system, espe-
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cially, thme factors must always mfluence the direction of con-
duction. The older 1deas of neural transmission gave synaptic
connections too much mgidity, as 2 determinant of behavior
The ngidity has now disappeared, the idea of connections can
again be useful in psychological theory, and the question of
“synaptic resistances” 1s completely reopened

Let me now summarize what has been said, mn this and the
preceding section, about attention, set, attitude, and so on (1)
All psychologists have recognized some such factor mn be-
havior 1t undoubtedly emsts {2) Recognizmng it 15 really a
denial that behavior 15 only a senes of responses to environ-
mental stimulation One mportant meamng of “attention” or
the like 1s the reference to 2 partly autonomous, or nonsensory,
cerebral actvity the “autonomous central process” (3) The
problem for psychology then 1s to find conceptions for dealng
with such complexihes of central neural action conceptions
that will be valid physiologically and at the same time “molar”
encugh to be useful m the analysis of behavior  {4) Psychology
18 still profoundly mfluenced by the very “molecular” conception
of linear transmission through a sequence of single cells The
conception 1s no longer valid physiologically, just as it has long
been without psychological usefulness The attack on neural
connections as an explanation of behawvior was really an attack
on this particular conception of the way connechons operate,
modern neuroanatomy and electrophysiology have changed the
question completely, and the sigmficance of synaptic connec-
tions must be examined all over agamn

Our problem, then, 1s to find vahd “molar” conceptions of
neural action (conceptions, {e, that can be applied to large-
scale cortical orgamzations) Bishop (1946, p. 370) has made
the pomt, m another context, that this 1s an essential problem
for neurophysiology also But psychologists can hardly sit
around with hands folded, waiting for the physiclogist to solve
it In its essence the problem 1s psychological and requires a
knowledge of the psychological as well as the physiological ev1-
dence for 1ts solution
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PERCEPTUAL GENERALIZATION AND THE ASSUMP-
TION OF A STRUCTURAL MEMORY TRACE

Now for a second fundamental assumption of psychological
theory. this tune, one that must, it seems, be accepted, but m
accephing it we must also recogmze the difficulties it entails
and provide for them These difficulbies m fact determine the
mamn features of the theory presented m this monograph

The assumption we must accept is that the memory trace, the
basis of learning, 15 1 some way structural and static, and the
difficulbies m the way of making the assumption are mamly n
the facts of perceptual generahzation that have been emphasized
by Gestalt psychologists (Koffka, 1935, Kohler, 1629, 1940) and
Lashley (1938b, 18422) The problem raised by these writers
1s crucizel and must be disposed of before we touch amything
else.

Lashley has concluded that a learned discrimmnation 1s not
based on the excitation of any particular neural cells It 15 sup-
posed to be determined solely by the pattern, or shape, of the
sensory excitation XKohler, also stressing the apparent fact that
the pattern and not the locus of shmulation 1s the mmportant
thing, has developed a theory of electrical fields m the bram
which control cerebral achon. Xake Lashley, be exphoitly de-
nies that the same cells need be excited to arouse the same
perception

This suggests that the mnemonic trace, the neural change
that 1s mduced by experience and constitutes “memory,” 15 not
a change of structure. Other facts, at the same bme, are an
even stronger argument that it must be structural. A structural
trace, as we shall see mn a moment, must be assumed, but when
we do so we have to find some way of fittmg m the facts of
perception.

If 1t 15 really ummportant in what tissues 2 sensory excitation
takes place, one finds it hard to understand how repeated sen-
sations can remforce one another, with the lasting effect we call
learning or memory It tught be supposed that the mnemome
trace 15 a lastmg pattern of reverberatory acthvity without fixed
locus, like some cloud formations or an eddy i a mullpond But
if 50 1t seems that the multitudinous traces in the small confines
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of the cerebral cortex would mterfere with one another, produc-
mg a much greater distortion of early memornes by later ones
than actually accurs

Moreover, violent corbical storms can occur {as in grand mal
epilepsy or cerebral concussion) without a detectable effect on
earher memories. That the trace should be purely “dynamic”—
a pattern of activity not dependent on structural changes for its
permanence—thus seems m the lighest degree unlikely. No one
has explietly made such an assumpton, yet how otherwise are
the known properties of a learned discrimination to be accounted
for, with its mevitable tendency to be generalized beyond what
has already been experienced by the animal—its apparent mnde-
pendence of excitation m specific cells?

In addition to the facts of perceptual generalzation, two
other forms of evidence might make 1t chfficult to postulate a
structural trace as the basis of memory One 1s from Lashley’s
(19282) extirpation expermments, showing that the removal of
blocks of the rat’s cerebral cortex does not affect habits selec-
tively. If one habit 1s affected, others are also. From this,
Lashley has concluded that memory traces are not localized
the cerebral cortex, but himself has pointed out (Lashley, 1929b)
another possible interpretation His evidence 1s consistent with
the 1dea that the trace 1s structural but diffuse, mvolving, that
15, a large number of cells widely spaced m the cortex, physio-
logically but not anatormecally umfied This 15 not, conse-
quently, crucal evidence for or aganst the notion of structural
traces m the cortex

The other evidence that seemed once to prevent postulating
a structural trace 15 found m the work of Wulf (cited by Koffka,
1633} and later investigators who have mterpreted their stuches
of human memory for patterns to mean that the trace 1s spon-
taneously active, and does not lie dormant or merely deterorate
with the passage of time. Hanawalt (1937), however, effec-
tively cnibicized the earlier evidence for this 1dea, and Hebb
and Foord (1945), having obtamed data inconsistent with
Wulf's hypothesis, re-exammned the later work that managed to
avord Hanawalt’s cnticism  They have shown that there is no
evidence to even fantly support the idea of slow, spontaneous
changes 1 the trace This conception must be abandoned.
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Thus the only barrier to assuming that a structural change m
specific neural cells 15 the basis of memory lies m the generaliza-
tion of the percephon of patterns, Man seces a square as a
square, whatever s size, and in almost any settmg A rat
tramed to look for food behind a horizontal rectangle will there-

©

Fietmg 1 I[lustating generalization in perception A mat 13 Brst trained
with the two dugrams at the top, in the left half of the figure, untl he
always gvouds the vertical bar and chogses the horizontal He 15 then tested
with the next parr of dagrams, the horizontally and verteally armanged
squares, and with the next paur, circles side by side versus circles one above
the other Transfer of response occurs, the rat m each case preferrmg the
horlzontal diagram, showing that perception of honzontal and verbical s
generahzed beyond any partcular patiern. Similarly, after trammng wath
tha large plamn hiangles, top night, the animal 15 tested wath smaller tnangles
and with circumscribed triangles If the erect tnangle, the one to the left,
15 postive m trmunung, the rat will choose the left-hand dwgram when pre-
sented with either of the two lower pairs, agam demonstrating perceptual
generahization

after choose almost any horizontal figure, such as an interrupted
line or a parr of circles side by side (fgure 1). Trained to
choose a solid upright tnangle and to avaid an inverted tnangle,
he will discriminate consistently between outhnes of trangles,
trangles with confusmg figures added (such as circumsenibing
curcles); and tnangles of dufferent size, which cannot thus excaite
the same retinal cells simultaneously (Lashley, 1938b) Rats
reared mn darkness, then tramed m the same way, show the
same perceptual generalizations (Hebb, 1937a).
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These are concrete, undisputed facts of behavior. They have
been interpreted as meanmg that perception 1s mndependent of
the locus of excitation, and this interpretation has been tacatly
accepted as inescapable. The result 18 an awkward dilemma for
theory, smce, as we have seen, 1t 15 hard to reconcile an un-
locahized afferent process wath a structural (and hence localized)
mnemonic trace

Lashley's (1942a) hypothesis of mterference patterns 1s the
one explicit attempt to solve this dificulty and to deal ade-
quately with both perception and learmng, As such 1t deserves
special mention here, although we shall see that in other re-
spects 1t faces great difficulties

Other wrters have had to choose one hom of the dﬂemma
Kohler (1940), for example, starts out with the facts of per-
ceptual generalization, in his theory of cerebral fields of force,
and then cannot deal with learnmg He has no apparent way
of avoiding a fatal difficulty about the nature of the trace, its
locus and structure This 1s another aspect of the difficulty for
Gestalt theory raised by Borning (1933), who pomted out that
at some pomt the perceptual process must act on specific cells
mn order to determine a specific response

The theory elaborated by Hull {1243), on the other hand,
te be regarded as providing first of all for the stability of learn-
mg It then has persistent difficulty with perception. The prn-
ciple of “afferent neural mterachion” appears to be a concession
extorted by the facts of perceptual generalization. With this,
there 1s some danger that the entire system may lose its mean-
mg The great value of Hull's theary 1s in showmng how one
may conceive of varable behavior as determmed by constant
causal relationships between stumulus, mtervening vanables, and
response. ‘Thus 1s brllantly aclieved, for an important segment
of behavior. But then the postulate of afferent neural mterac-
tion adds that anything may happen when two sensory events
occur at the same time—which of course they are always doing.
Evidently no prediction is possible until the lumts, and the de-
termnants, of afferent neural interaction can be given m detail.
This it seems demands that the neurological reference, already
present 1n the theory, be made expheit, and detailed For our
Present purposes, at any rate, Hull must be regarded as not
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yet having solved the problem of dealing with the perceptual
process m a theory of learmng, although 1t remains possible that
his program (Hull, 1945} will do so in the future.

THE MODE OF ATTACK

How are we to provide for perceptual generalization and the
stability of memory, i terms of what the neuvron does and what
happens at the synapse? We must suppose that the mnemonc
trace 1s a structural change, the difficulty, m supposmg it, is a
conflict with the 1dea that only the pattern, and not the locus
of sensory stimulation, 15 important m perception, so let us
begin by asking whether that 1dea 1s, after gll, securely estab-
hished,

That paragraph puts the theoretical approach of this mono-
graph I propose to go over the evidence on perception agam
and show that it 15 not what it seems We do not know that
pattern 1s everything, locus nothing, WNext, an alternative set
of 1deas about perception will be developed. According to
these ideas, perception does depend on exciing specific parts
of the receptor surface, mnemomic trace and perceptual gener-
alization need no longer be at odds with one another, and a
physiological meamng of attention (or set, or expectancy)
shows up.

Now let us see, 1 the following two chapters, what revisions
can be made in current 1deas about perception so that they can
be extended into a more general theory The reader will ob-
serve that the discussion deals almost entirely with vwsual per-
ception This 15 not because vision has any umque significance,
but because 1t 1s 1 visual perception, with few exceptions, that
the problem of patterning and form has been studied expen-
mentally It can be assumed that perception mn other sepse
modes does not depend on fundamentally different primciples
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2. Summation and Learning
in Perception

This chapter begins a revision of perceptual theory.®* The
mmediate objective 1s to show that “simple” perceptions are m
fact complex that they are additive, that they depend partly on
motor achivity, and that their apparent simplicity 1s only the end
result of a long learming process.

The preceding pages have tmed to show that the crucial
problem of perception must be dealt with exphcitly at the very
beginning of a psychological theory, and that one has the choice
of two approaches to thus problem One must decide whether
perception 15 to depend (1) on the excrtation of specific cells or
(2) on a pattern of excitation whose locus 15 ummportant Cur-
rent opmon seems tacitly to have accepted the Gestalt argu-
ment (and Lashley’s argument) that the only tenable assump-
tion 15 the second of these possibilities.

The theory to be presented here s diametnically opposed to
thes aspect of Gestalt theory, and 1s based on assumption 1, that
a particufar perception depends on the excitation of particular
cells at some pont in the central nervous system Now the
Gestalt argument depends, 1 believe, on another assumption.
that when one percewves a simple figure (such as square or
circle) one perceives 1t directly as a distinctive whole, without
need of any learnmg process and not through a pnor recogm-

* This and the followmg chapter may be dusregarded by the reader whe
13 not particularly interested in the theory of perception These two chap-
ters are m a sense preventive The theory of behavior presented later
would appear mnpossible to the reader who is famibar with the current ht-
erature on perception if he had not been shown that the alternative {and
at first sight preferable)} approach of “field theory” or “equipotentiality” has
very serious difficultles indeed—more serious than has been recognized.

17


http://www.cvisiontech.com

18 Summation and Learning in Perception

tion of the several parts of the figure If one makes this assump-
tion—if the perception of a square 15 as sismple and 1mmediate
as it seems to us as adults—I believe that the Gestalt argu-
ment 15 unanswerable, But if on the other hand the percepton
15 additive, a senal reconstruchion (though very rapid and
“unconscious” for the normal adult), the theoretical problem
would be very much changed

In this chapter, accordingly, an attempt 1s made {o show that
quite simple diagrams are not percewved dwrectly as distinchve
wholes—that, though the stimulus has a umtary action m the
figure-ground relationship, the perception of identty depends
on a series of excitations from the parts of the shmulating dia-
gram If this can be established, 1t will remove the necessity of
acceptmg field theory, and the following chapter will then at-
tempt to show that field theory actually 15 not consistent with
some of the facts of perception

The work of Senden (1932) and of Riesen (1947) 1s funda-
mental to my argument here Senden’s monograph 15 a comm-
lation of all pubhshed reports on the vision of the congenitally
blind gitven sight by a surgical operation after the patient was
old enough to talk to the exammer and descnbe what he saw
In some respects the data are incomplete, but the report 1s re-
peatedly referred to here because it contains the only existent
evidence concernung the course taken by the early development
of human perception At first sight, some of the reported facts
are hterally almost incredible, smnce they differ so much from
what would be predicted by current theory (erther of perception
or of learning) There 15, however, a considerable unanimty
among the wrters reviewed by Senden, some of whom evidently
were not aware of the reports made by others, and the work of
Riesen (1947), who reared chimpanzees m darkness to an age
when the normal chimpanzee makes an effective use of wvision,
fully confirms Senden’s climcal evidence.

The two reports, by Senden and Riesen, are complementary;
and, though many detalls are not clear, the human and chim-
panzee data taken together seem to require radical changes in
the theory of perception and of learnng.
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DISTINCTION OF “PRIMITIVE UNITY” FROM OTHER
PROPERTIES OF THE PERCEIVED FIGURE

As a2 prelimmary, certain terms must be defined I want to
show that simple figures do not always act as wholes, mnately.
But 1t 1s undoubtedly true that they sometimes do so m one re-
spect—n the figure-ground relationshuip so this property of a
perceived figure 15 to be distimgwished from others, m which
summation and learnmng are important Accordmgly, the fol-
lowmg are distnguished the conceptions of (1) a prmmhtwve,
sensonly determmed unity, (2) a nonsensory umty, affected by
expenence, and (8) the identity (also affected by experience),
of a perceived figure,

The primthwe unity of a figure 1s defined here as referring to
that umty and segregation from the background which seems to
be a direct product of the pattern of sensory excitation and the
mhented characteristics of the nervous system on which it acts

Rubin {1921) elaborated the conception of the figure-ground
relationship, 1o a study of visual perception of patterns with
clearly marked boundanes In order to elurmdate the relahon of
figure to ground (the relation of the perceived object or surface
to other objects and surfaces which make up the background)
he put particular stress on “ambiguous” figures {fgure 2) This
1s the special case m which exther of two parts of a dizgram may
be seen as figure, each alternating as part of the ground when
the other 1s figure The prnciples he established, however, are
most fully operative 1n the unamguous figure, made up of a
homogeneous zone of color surrounded by another color and
having a sharply defined boundary—an abrupt transihon m
brightness from one zone to the other at all pomts Such a
figure may or may not be regular It 1s as well illustrated by
a splash of ink or by a silhouette of an ammal as by a white
circle on a black shmulus card.

An area thus sensonly delimited 15 seen as one, umfied and
distinct from 1ts surroundings, by any normal person, by the
congenitally blind on the first occurrence of vision followmg
operation for cataract (Senden, 1932), by the normal rat
(Lashley, 1888b), and apparently also at first vision by the rat
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that has been reared in darkness (Hebb, 1937a) The unity
and distinctiveness of such figures from their background, then,
1s independent of experence, or “primitive ”

It 1s not possible to specify exactly the shmulatmg conditions
which determine the pnmitive fgure-ground orgamization, I do

Ficume 2 Ambiguous figure In this diagram it 1s possible to sen elther
of two profiles, but only rarely can the twe be seen sunultaneously, they
alternate mstead When a figure appears on the left, the profile of a rather
chubby man, the white area on the left appears as a more solid surface and
one that is nearer io the observer This relationship 15 reversed when a
figure appears on the nght—the profile of one suffermg f1om giganue tumors
of the neck and of the frontal bone The theoretical importance of such re-
versals of figure-ground relationshups has been siressed by Gestalt psycholo-
msts, though there Is consmiderable difficulty m subsuming the instabihty

under perceptual theory

not exclude as nonprimitive the perception of groupings, nor
the segregation of a patch of color which has ill-defired bound-
aries. There are suggestions i Senden’s (1932) monograph
and mn rat bebavior that the perception of such umts in the
visual field may also be mdependent of experience Senden’s
monograph 1s of the first importance for understanding the per-
ceptual process, but m several respects the evidence 1s far from
clear The earher wnters whose reports are summarized did
not recognize some of the psychological problems to which their
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observations are relevant, What Senden does show, m the fact
that patients always responded to certam objects as wholes and
could on occasion detect differences between objects even m
spite of nystagmus, 1s that there 15 a primitive or mnate figure-
ground mechamsm, He does not make it possible to state its
hmiting conditions,

THE “NONSENSORY” FIGURE

The nonsensory figure-ground organization 1s defined as one
m which the boundanes of the figure are not fixed by gradients
of lummeosity 1 the visual field It 1s affected by experience and
other nonsensory factors, and 1s not mevitable 1n any perception,
In contrasting the pnmitive and the nonsensory figure, however,
one need not mmply that a perceived figure must be esther of
one or the other kind They are rather two extremes, and 1n
most perceptions both sensory and nonsensory factors affect
figure-ground organization

The one of these extremes, in which exactly the same figural
boundanes are recognized by anyone, has already been illus-
trated. The other 1s quite common m ordinary experience,
although I have not found any discussion that makes its mean-
mg explicit. It 1s imphed, for example, by Gibson and Crooks
(1938) in therr discussion of the perceptual field of the automo-
bie driver, and the shrmking or expanding of a percewved zone
of safety from potentual collision. In general terms, the non-
sensery figure occurs in perception whenever the subject re-
sponds selectively to a limited part of a homogeneous area
the visual field One may look at the “middle part” of a rope as
distinct from the rest, in knot-tying, or perceive the “foreground”
of an unbroken landscape. It 1s a commonplace that in human
Perception many entities exst, hike the place 1n a continuous
expanse of lawn where a flowerbed 1s to be put 1, such that
no sensory dehmitation of figure from ground can even be sug-
gested The “corner” of a room certamnly does not always refer
to a geometrical pomnt, it 15 extended, and yet does not comprise
all of the two (or three) rectangular surfaces which determine
it. Its locus 1s sensorly fixed, but not its boundanes, and lan-
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guage 13 full of terms with a similar mmplication for the theory
of perception

Even commoner in everyday perception 1s the percerved entity
m which both sensory and nonsensory factors cooperate Here
the figural boundary may follow one of a number of possible
luminosity gradients in the field, the particular one that 1s effec-
tive bemg usually determined by experience in one form or
another This 18 allustrated by Leeper's (1935) experiment,
which demonstrated a lasting control, by earlier experience, of
the particular perception that 1s made with Boring’s ambiguous
figure, “My wife and my mother-in-law” (Boring, 1930) An-
other illustration 1s the process of slow learning to see a con-
figuration 1 a particular way, as m the gradual decrease of the
difficulty a novice has mn following the boundares of a thalamic
nucleus that are obvious to the expert.

There 1s reason to believe that the rat, as well as man, finds
some figure-ground relations obvious and inescapable, and de-
tects others only after prolonged experience. That 1s, the dis-
tinction of primitive and nonsensory figures apphes also to the
rodent’s perception Lashley (19385, pp 158, 185) pomts out
that success in discnmmation and generalization evidently de-
pends on the rat’s finding a differentating charactenstic between
two figures, or one that 15 common to a pattern already known
and the new one which is presented n the testing situation, It
is equally clear that the dustmnctive part of the test pattern 1s
not obvious to the rat at once, this part, whatever 1t 1s, 15 what
determines the response and becomes the true figure (as con-
trasted with what the experimenter meant to be the ﬁgure),
rest merging mto ground.

In general, Gestalt writers on the organization of the figure
have been concerned to show that it cannot be reduced to
experience and learming, and have thus selected cases for dis-
cussion 1 which sensory dynamics alone 1s enough to produce
an cffective figure-ground orgamzation ‘They have, that is,
concentrated attention on the primitive figure, and they give the
impression that the spontaneity of 1ts orgamzation 1s a property
of any figure True, one can find many passages m the Litera-
ture on Gestalten that refer to figures not sensorly delimited,
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but no stress on the fact that this imphes some role of learming
in the delimitatron,

Kohler {1929), for example, has written, “Since ‘real form’
presupposes a segregated whole, the existence of “form” depends
upon factors of stimulation similar to those upon which the
segregation and organization of wholes depend Again, definite
relations 1n the total constellation of retinal stimuli are found to
be decisive for the existence of real form” (p 202, my italics
draw attention to the stress put on sensary factors) Agam,
after referrmg to Gottschaldt’s experiments, Kohler says “After
these results, whoever defends the automatic mfluence of past
expenence upon our seemg defimte forms, will have mncumbent
upon him the task of supporting hus theory by other exper-
ments If such an influence exists, ©t must be restricted to
rather special cases” (p 208, itahics mne),

Attention 1s drawn to this aspect of Gestalt theory because 1t
helps one to define the pomt at which one can diverge from the
theory without failing to recogmze the great contnibution 1t has
made to modern psychology, which has been shaped to a great
extent by the mpact of Gestalt 1deas on behaviorism There
are few psychologists who would not own a debt of this kind
to Gestalttheorie, and few who do not also feel the need of
quahfymg the theory in some way, though 1t 1s not easy to see
just how this 15 to be done without losing the values that have
been obtamed with its help

In the pages from which the passage above 1s taken, Professor
Kohler, I believe, provides the necessary clue His argument
appears to depend on a complete antithesis of experience and
innate sensory dynamics, and 1t 1s this antithesis that we may
avold The question that 1s asked by Kohler 1s whether sensory
orgamzation 1s wholly innate, or wholly experient:al.® If these
are the only two alternatives, the argument 1s unanswerable
Kohler and Koffka and Lashley have unquestionably slain the

® In the monograph of Kohler and Wallach {1944, pp 316, 323) there
are also passages that seem not intelhmble unless one is thinking in terms
of such an extreme dichotomy between completely orgamzed sensory proc-
esses (mnately) and completely unorgamuzed ones This does not do jus-
tice, either to current learning theory, or to the effectiveness of the earher
Gestalt arguments 1 favor of an innate sensory orgamzation
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dragon of pure learning theory, m the field of perception, and
no one today would argue that perceptual crganization 1s whelly
acquired, there 1s some mnate organization But this of course
does not show that the orgamization 1s entirely mnnate There 1s
always a possibility that perception has a partly mnate, partly
learned orgamization, and that besides the figure that has a
“primitive unity” there are “nonsensory figures” m which expe-
nzence has an mmportant role

I propose, then, that Gestalt theory made an essential contri-
bution when 1t showed that there are innate factors ;n percep-
tion, but that it bas tended to carry the argument too far m deny-
mg that learning and expenence have any important role m the
perception of simple configurations (apart, of course, from learn-
mg the meaning of the configurations) This, as we have seen,
has led to emphasis on a dommant role of sensory dynamics,
mmportant as sensory processes are, however, they do not com-
pletely dominate erther behavior or perception

It 13 also important to see that the argument agamst an effect
of experience on perception often requires the assumption that
any percewved figure 1s perceived as a whole, m all respects
Thus the upper diagram of figure 8 has been regarded as quite
unfamiliar to the observer (Kohler, 1929), Subjects shown this
chagram for the first ttme failed to find ancther which 1s con-
cealed 1 it, and which they had been shown before The con-
clusion was drawn that an unfarmbar configuration obscured a
familiar, smaller one—that sensory dynamics dommates expen-
ence and the effects of learning But the experimental diagram,
actually, was unfamihar only as a whole, its parts, two parallelo-
grams and a set of parallel lines forming a Z, were certainly not
unfarmbhar to the experimental subjects Consequently, the con-
clusion 1s valid only if the total figure 1s an unanalyzable whole,
which 1t surely 1s not. '

In the lower diagram of figure 8, a “4” 15 concealed. That it
may not be recogmzed 1s evidence that sensory dynamics on
occasion may override experience, m the delimitation of a figure,
This 1s a vahd pomnt But when one looks for it, the 4 can be
seen, and this 15 not explamned by Gestalt theory A “special
vector” (Kohler, 1929) 1s operating, but this special vector seems
to be the factor of attention and experence that i1s nvolved
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in the nonsensory figure Our problem 1s to find out how to
modify Gestalt theory so that it can comprise this factor of at-
tentwon and not have to deny the importance of learmng m

perception
Furthermore, Gestalt emphasis on the pnmitive figure, which

has a marked stabihity, obscures the fact that mn ordmary per-

ANGANS
Ficure 8 Diagrams from Kohler, Gestalt psychology, 1929 (figures 10
and 12) Courtesy of Liveright Pubhshung Corporation and of the author

cephon any figure-ground relationship is a highly unstable one,
with a practically constant fluctuation from one orgaruzation to
another Even when one perceives the compact, clearly de-
limited figure which 1s such that any observer at once sees 1t,
one finds that the stability of the figure-ground relation 1s not
great, or, better, that its stability consists of a2 contmual recur-
rence, mnstead of a constancy, of the figure. It 15 notorious that
attention wanders, and this 1s another way of saymg that m per-
ception any figure 15 unstable, one Iooks at this part of the con-
figuration and that, and notices 1ts corners or smooth contour, m
the mtervals between seeing the figure as 2 whole. In ordmary
perception, moreover, the instability 1s far greater (Boring, 1933,
Pillsbury, 1913)
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An adequate account of perception cannot be given in terms
of a figure-ground orgamization that has any great duration mn
time, even when gaze 15 fixated at a single point 10 a configura-
tion The fluctuations of attention which occur point directly to
a fundamental importance, m any perception, of nonsensory
factors. This of course has already been demonstrated for com-
plex mndetermmate figures by Carmichael, Hogan, and Walter
{1232) and by Zangwill (1937}, I propose that the same factors
must be taken mto account m the perception of square or cucle
as well,

“IDENTITY” IN PERCEPTION

Identity is defined here as referring to the properhes of asso-
ciation mherent 1 a perception. The reference has two aspects
first, a figure 15 perceived as having idennity when 1t 15 seen mn-
mediafely as simiar to some figutes and dissimilar to others—
that 1s, when 1t falls at once 1nto certamn categories and not intp
others, This simidanty can be summed up as spontaneous asso-
clation, since 1t may occur on the first exposure to the shmulus
object, Secondly, the object that is perceved as having iden-
tity 1s capable of bemg associated readily with gther objects or
with some achon, whereas the one that does not have identty
1s recalled with great diffienity or not at all, and is not recog-
nized or named easily Identity of course 1s a matter of degree
and, as I shall try to show, depends on a considerable degrec of
expenience, 1t 15 not mnately given.

Thomdike (1931, p 87) has presented an approach to this
conception, using the term “identifiability,” and has proposed
that identifiability promotes the formation of associations If
one carnes the analysn a Little further, it appears that the propo-
sthon 18 circular. Identifiability 18 not merely a perceptible dif-
ference of one figure from another when the two are side by
side, but imphes a rememberable d:ifference—identifiabiity is
clearly, in the mstances Thorndike gives, recogmizabihity, and
recogmtion is one form of association Tbus Thorndike's propo-
sition 13 that associability affects the occurrence of associations

The real pomt at which he 13 driving seems to be that there
are genumne differences of assocuabihty i different pattemns.
Also, more 15 mvolved in these differences than the number of
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tnials necessary to establish recognition, there are also the spon-
taneous associations referred to i speaking of smmlanty. Rec-
ognizability goes with selective stmilanity, or generalization the
figure that 1s readily remembered 1s also perceived as belonging
to a particular class of figures, and remembered so

An 1regular mass of color or a pattern of ntersecting lmes
drawn at random has some coherence and umty, but one such
figure 13 not readily recognized and distmguished from others
when 1t 1s seen a second time, and generalization (or similarty)
15 not selechve among a number of such shmuli. There 1s not
a total lack of distinctiveness and of generalization, however
Two of Thorndike’s figures which lack :dentity are not indistin-
guishable when seen together, and mistaking omne figure for
another can be called generalization Lashley and Wade (1946)
dishingmish between the “so-called generalizaton™ which means
only a failure to observe differences and the generalization
which involves perception of both similanties and differences.
The amorphous figure, lackng m 1dentty, 15 generalzed m the
first sense only

A further illustration of these powmnts 1s found in the develop-
ment of wdentity m the perception of chimpanzee faces by one
who has seen no chumpanzees before Two ammals seen side
by side are obviously different 1n details, but the mexperienced
observer is not able easily to remember one selectively Also,
all chimpanzees at this stage look alike, the “so-called generah-
zation” occurs With experience the perception of identity in-
creases Simlanty is still perceived between amimals, and con-
fusion between some amimals is still possible, but there 15 a
marked change i the perception, as shown m a much more
selective simlanty of one aniumal to others, and m the radical
merease of the observer's capacity to associate even a new chume-
panzee with a specific name Thus identity 1s a matter of de-
gree. readiness of recogmtion, and the extent to which gener-
alization 15 selechive

This discussion has been meant to establish the conception
of “identity” as an important property of perception which
should be kept carefully distinct from the “unmity™ of the per-
cewved figure (as well as from its “meaming™). Unity may be
innately determmned, an immediate property of sensory dy-
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namics, whereas identity is dependent on a prolonged experi-
ence, Because these two things have not been separated 1 the
past, it has appeared that perceptval orgamzation is mnate,
Some aspects of the orgamzahon are present, apparently, at the
first expenience, but others are not.

INDEFENDENCE OF UNITY AND IDENTITY IN
SIMPLE FIGURES

The examples of the preceding section dealt with complex
perceptions. 1 wish next to review the evidence that shows that
unity end identity have separate deterrmmants even m qurte
simple perceptions. Seemg a circle as a single coherent object
is not the same as seemng 1t as a distinctive object, selectively
recogiuzable,

First, the evidence for man 1t bas already been said that the
figure-ground segregation 1s good at the mitral occurrence of
human wision, as shown by Senden’s (1932) reports, at the very
time when perception of identity appears to be practically nil,
Unity then can be perceived without :dentity Investigators (of
vision followmg aperahion for congenital cataract} are unam-
mous 1 reporting that the perception of a square, circle, or
tnangle, or of sphere or cube, 1s very poor. Ta see one of these
as a whole object, with distinctive characteristics mmedately
evident, is nat passtble for a long period. The most mtelligent
and best-monvated patient has to seek corners painstakingly
even to distinguish a triangle from a circle. The newly seeing
patient can frequently find a difference hetween two such figuves
shown together, just as the narmal adult can readily detect dif-
ferences between two of Thorndike's figures lacking “identfia-
bility,” but the differences are not remembered. There 15 for
weeks a practically zero capacity to leam names for such fgures,
even when tactual recagnitron is prompt and complete

Anather facet of the same lack of capacity is the fadure to
generahze as normal persons do. When the patient first gets to
the pownt of being able to name a simple object promptly, rec-
ogaihon 1s completely destroyed iof the object is shghtly changed
or put into a new setting. The patient who had [earned to
name & nng showed no recognition of a shghtly dfferent ring:
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having learned to name a square, made of white cardboard,
could not name 1t when 1ts color was changed to yellow by turn-
ing the cardboard over, and so on These reports consistently
mdicate that the perceived whole at first vision 15 simultane-
ously unified and amorphous. There 1s not a single mstance
given in which the congenitally blind after operation had trouble
m learning color names, but a great number in which the per-
cephon of identity 1 a simple figure was poor indeed (Senden,
1932, pp. 135-141).

A second evidence comes from species differences in the per-
ception of :dentity For coherent patterns and simple groupings
the figure-ground relationship appears to be the same from rat
to man, so the significant differences of perceptual generaliza-
tion {one aspect of identity) argue strongly that figural unity
and 1dentity bave separate bases. {g) The discrummnation of
simple geomeincal figures by man and chimpanzee 1s unaffected
by reversal of bnghtness relations between figure and ground
(Gellerman, 1933}, a white triangle on a black ground 1s gen-
eralized by these anthropoids to include a black tnangle on a
white ground For the rat, such a reversal completely disrupts
discnmmation, and no amount of tramnmg with the white tri-
angle alome will produce “recogmtion” of a black one. There
some uncertamty about the phylogenetic level at which the
capacity for this generalizabon appears, see Lashley (1938b,
p 144), Smith (1936), and Neet (1833), but between the rat,
and clhimpanzee or man, the difference in this respect seems
complete (although for sumple figures only, human perception
of more complex figures m reversed brghtness is definitely de-
fective, as 1n recognition of photographic negatives) (b) The
perception of a trangle or square by the rat 15 not generalized,
without specific traming, to include a similar rotated figure
(Fields, 1932) but 15 generalized so by climpanzee and by two-
year.old children, slthough a corresponding head rotation also
occurs {Gellerman, 1933). (c) Perception of a tnangle 1s not
generalized erther by rat or chimpanzee to include a triangle
made up of small circles, but the generalization 1s made by two-
year-old children {Gellerman, 1933, Lashiey, 19385).

Thus the perception of identty is different m different mam-
mals, the perception of primitive umity 1s practically the same.
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Further evidence of the independence of umty and identity 15
found 1 the peculiar “equivalences” or generahzations often ob-
served n rat behavior, and m the anomalies to bé found mn the
relative dufficulty with which the rat learns to discrnmmate be-
tween certan patterns Two discrimunations that are equally
easy, from the human pomt of view, present very unequal diffi-
culty for the rat For normal man a square and a circle are no
less obviously distinct than erect and mverted triangles, yet the
rat readily learps to discriminate between the tnangles and con-
sistently has trouble with circle versus square (Lashley, 1938b,
pp 155, 156) Some ammals that have learned other patterns
(thus showing that their acuity 1s sufficient for the task) show
no sign of discnminating circle and square at all A five-pomted
star and an H are for man clearly, mevitably distinet, while the
rat distngmishes them wath difficulty and no faster learning
occurs than with quite wrregular figures ( Lashley, 19385, P- 157).
Such facts mean a great difference of rat from man 1 perceiv-
g the 1dentity of simple, regular Sgares.

The same 1s evident in the patterns which may be “equivalent”
for mdwvidual rats, and mn some failures of equivalence One
ammal may transfer his response from an erect tmangle (versus
an mverted one) to a single honzontal line low on the sthmulus
card (versus another ligher on the card), while another ammal
fails to discriminate the complete tnangles with which he was
tramned, when a shght change 1s made of their positions on the
respective shmulus cards. It 1s very doubtful m such cases that
the rat has percewved the pattern as a distinctive whole, and 1t
seems that a response 15 frequently determmed by only a part
of a figure as simple as a tnangle

Lashley (19385, p 182) has recogmzed this, but mterpreted
1t by comparmg the rat to a slka-jumper who does not pay atten-
tion 1o his jump i0 nonessentials such as the shape of a spec-
tator’s hat The general mterpretation was made that there 15
Iittle sigmficant difference m the perception of simple figures
by rat and man, but this conclusion 1s not supported by the
evidence

When 1dentity 15 dishinguished from umty, we find great spe-
cies differences mm the perception of 1dentity and not in what 1s
seen as a pnmbive umty. The analogy between the rat’s per-
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ceving all the detail of a tnangle n the jumping apparatus, and
the ski-jumper’s perception of a hat, 1s valid—except that it sets
the human subject a much more difficult task It 18 mconcerv-
able that a ski-jumper would not perceive a large tnangle as
such, fully structured, if it lay close to and marked the pomt of
safe landing 1n an otherwise plain field, as 1t does for the rat m
the jumpmg apparatus The rat, however, may respond selec-
tively to only the part of the figure which lies nearest the pomt
to which he jumps, although s field of vision is wide and
although (as Lashley has demonstrated) he perceives much
more than he has to m making a discrommation

These considerations are the more convmemng because the evi-
dence of the rat’s frequent failure to see the tnangle as a dis-
tmctive whole figure comcides with Senden’s description of the
congemitally blind after acquinng vision—the normally reared
rat, and a man seemg for the first time, both have precisely the
same kind of difficulty

It 15 reasonable to conclude that the perception of identity
(as defined) follows the same principles n rat and man but 1s
much more hghly developed m normal man Since there 1s no
evidence of any clear difference of the primtve figure-ground
orgamization percerved by these two species, but strong sugges-
tions that it 1s the same for both, the evidence 1s consistent with
the 1dea that idenbty and figural vmty have separate physio-
logical bases They are, that 1s, psychologically independent
This makes 1t possible to suppose that additive processes may
occur 1n the development of identity without denymng that the
figure has a primitive unity

LEARNING TO PERCEIVE SIMPLE FIGURES

The facts already adduced m the last section have indicated
a role of Jearning 1n the perception of triangle or square as dis-
tinchve wholes The 1dea that one has to learn to see a triangle
must sound extremely improbable, and so I shall now present
the evidence to this effect more systematically

We have seen that the perceptions of the congemtally blmd
after operation are almost completely lacking in 1dentity  Sen-
den (1932, pp 155-157) reports cases m which there was an
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immediate perception of differences in two figures seen together,
but also a number of instances in which even this was not pos-
sible Thus a pahent sometimes saw differences between a
sphere and cube, sometimes not (p. 91} Color has been
found to dominate form persistently m the first vision of these
patents Eleven months after operation the color names learned
by a patient in hospital were retamned, but the little that bad
been learned of form was forgotten (p 135). An egg, potato,
and cube of sugar were seen by a patient repeatedly, untl
naming was prompt, but then were not recognized whben put
mto colored hight, the cube of sugar was well named when it
was seen on the table or m the mvesthgator’s hand but not rec-
ogmzed when suspended by a thread with a change of back-
ground {p 138).

Such patients, when Jearning has proceeded far enough, man:-
fest the characteristic generalizations of the normal person, so
the wutial difficulbies are not to be put down to structural de-
fects of the sensory apparatus (Senden, pp 173-175).

Riesen (1947) has fully confirmed the conclusion that ordi-
nary wvisual perception m higher mammals presupposes a long
learning period. His observahons concerning the almost com-
plete visual incapacity of chimpanzees reared in darkness, and
the slowness of learning, are of the greatest importance. They
show that Senden’s simlar results with man are not due to some
madequacy of the chnical tests, nor peculiarly human,

The course of perceptual learning 1 man 1s gradual, proceed-
mg from a dommance of color, through a period of separate
attention to each part of a figure, to a gradually arrived at 1den-
tification of the whole as a whole an apparently simultaneous
instead of a serial apprehension A patient was tramed to dis-
crimmate square from triangle over a period of 18 days, and
had learned so Little m thus thme “that he could not report their
form without counting comners one after another - «+ And yet 1t
seems that the recogmtbion process was begiming already to be
automatic, so that some day the judgment ‘square’ would be
given with simple vision, which would then easily lead to the
belef that form was always simultaneously given” (Senden,
1932, p. 180) The shortest time m which a patient approxi-
mated to normal perception, even when learning was confined
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to a small number of objects, seems to have heen about a
month

It 15 possible then that the normal human infant goes through
the same process, and that we are able to see a square as such
m a single glance only as the result of complex learnmg  The
notion seems unhkely, because of the utter ssmphaity of such a
perception to the normal adult But no such argument can be
valid, since Lashley (1937) has shown that subjective stmphicity
and immediacy may be very deceptive as an index of physio-
logical sunplicity, There are moreover residual traces of learn-
g in normal perception, and hints of its complenty

Gellerman (1933) reports that chumpanzees and two-year-old
children recogmzed a tniangle that had been rotated through
120° from the trammng position, but (m the one protocol that
is given) responded selectively only after a head rotation, and
persistent head rotation continued mn the later discriminations,
Older human subjects do not need to make the same receptor
adjustment to recogmize the figure in two positions, and so this
generalization may be a learned capacity, simple as 1t seems
to us,

Consider also the followmg ewvidence, which 15 suggestive
though perhaps not conclusive. When a simple figure such as
square, arcle, or inangle, subtending a retinal angle of from
2° to 10°, 15 fixated at one pomt, 1t tends i a second or so to
become almost amorphous except near the pomt of fixation. The
effect 1s not due to fatigue alone, nor to poor acurty outside the
macular zone- smee (1) a single straight line does not suffer
nearly as much, (2} shifting fixation back and forth between
two corners of a triangle does not restore the clanty with whnch
the third 1s seen, and (3) an 8° cxcle drawn with a line 2 mm.
wide, and a 4° cxcle drawn with a hine 1 mm. wide, seem to
give approximately the same effect

The factors involved are evidently complicated, it will be
found, for example, that with a large figure merely imagining eye-
movements {of followimng the contours) will restore defimtion of
the Sgure. Also, these “xmagmary” eyemovements, or sublimmal
achvations of the motor system, océur more frequently and are
less easy to control in looking at a smaller than at a larger
figure, and 1t is hard to be sure that the size of the figure is un-
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inportant. But this at least seems definite, that a stable, clear,
and effective perception of circle or square is more possible with
eyemovement than without Once the queshon 1s asked, any-
one can verfy for umself the falsity of the ympheit assumphon
(usually made m the study of perception) that the figure acts
always as one, without a remnforcing perception of its parts as
distinet from the whole.

My pomt 1s not that eyemovements are essential to perception
by a sophisticated observer (nor, in the followmng paragraph,
that they are completely necessary for an image), but that the
perception 15 defimtely clearer, more effectve, with them than
without, This 1s really an evident fact It 1s to be mterpreted
in the Iight of all evidence, cited above, showing that the per-
ception of square or circle 1s slowly learned and depends origl-
nally on multiple visual fixations

Directly in Ime with such phenomenological observations are
the following mtrospections I find it very difficult to have a
clear 1mage of a tnangle, square, or circle without imagining or
actually making & senes of eyemovements. Several others, asked
to make observation on this point, have reported the same thing
It 1s hard or impossible, that 1s, to have a clear 1mage of a tn-
angle as fixated at one pomt Eyemovements defimtely improve
the “mage” They do not take the form, necessanly, of follow-
ing the figure’s contours, but are apt to jump from poimnt to
pomnt, perhaps three to four points m all Thus the distinctive-
ness of the image 1s not merely mn the eyemovement pattern,
for approximately the same senes of eyemovements may con-
inbute to a good 1mage either of circle or square. Activahon of
the motor system, overt or imphcit (even possibly within the
cerebrum alone, with no activity of the final common paths),
contributes essentially to the development of visual integration
without being sufficient to # As I have said, such evidence 1s
hard to evaluate, but 1t ponts to the same conclusion as Senden’s
evidence, already cited, and 1s supported by 1t.

Clark and Lashley (1947) have confirmed the observations of
Kennard and Ectors (1938) and Kennard (1939), and have pro-
vided what appears to be an independent confirmation of the
argument above Xennard found a one-sided loss of vision by
monkeys on extirpation of the opposite frontal eyefield, a cortical
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motor area for head-and-eye movement. Clark and Lashley
have demonstrated this phenomenon convincingly, with an ade-
quate method of tesing The most sigmficant and strikmg ob-
servation was startle by the monkey when an object was passed
from the blind side into the seemng side, at the moment of pass-
ing the midlme. One might have argued that the animal could
“see” an object mn his apparently hermanopic field but was not
able to move his eyes toward it. The observation referred to
rules that interpretation out, and other observations showed that
the hemianopia 1s a genune failure to see (though it is tran-
sient, disappearing m a week or two).

Now the question 15 what the motor cortex can have to do
with visual percephon—unless percephon mtimately mmvolves a
motor activity, lminal or sublmmal There 15 no reason to
thmk that the frontal cortex has anything to do with the recep-
tion of wvisual sensation, and the alternative seems to be that it
must have something to do with the elaboration of sensation
mto visual perceptions. In Chapter 5 will be found a treatment
of perception which supposes that perception of even a simple
object mvolves a “phase sequence.” This 15 a cham of central
cortical events with motor links Although the motor activa-
tions may be subhminal and do not always produce overt re-
sponse, thewr role 1s essential i any perception This would
account for the observations of Kennard and Ectors, and Clark
and Lashley, which therefore can be considered to be a con-
firmation of the argument of Chapter 5 as well as the argument
of the precedng paragraphs

CONCLUSIONS

Animal experiments and the human climical data alike indi-
cate that the perception of stmple diagrams as distinctive wholes
is not immedsately given but slowly acqured through learmng.
Introspective observations which would not carry much weight
m themselves appear to agree fully with other evidence, show-
ing vestiges of a summative process mvolved m perceiving the
identity of circle or triangle, although such a figure 1s seen by
the adult clearly and 1s effechvely discnmmated at a single
glance, there are stll traces left of complexities such as the
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learnmg process descnibed by Senden would produce, which for
normal persons must have occurred m easly mfancy and which
makes the umfied perception possible.

The subjective expertence of an mreducmble ssmplicity 1n the
perception of square or circle may then be fully analogous to
the Mlusion of the smage of the letter-square (Woodworth, 1938,
p. 42), where the subject thunks he has an actual image of the
square but can be shown not to have.* Although the percep-
tion of identity is good at a glance, i 13 mproved by several
glances at different parts of the fizure This process of “succes-
sive part remforcement,” &5 an 2id to perception, emsts at the
same tme as an essential umty of the whole, and theory must
provide for the additive process, with its motor elements, as well
as for the pnm:tive unity.

This argument is not 1 any way 2 return to the old idea that
sensory mtegration oecurs solely through motor actwvity, or that
the distinchveness of a perception 15 solely or mamnly due to
distinctive eyemovement. We know that this is not true. But
there are three theoretical possibilities, not two {1) perceptual
integrabion 15 wholly the result of motor activity, (2) it 15 wholly
independent of motor achvity, and (38) the motor actvity 15
important but not all-important—the pos:tion that 15 taken here

Crant fully that visual mtegrahon cannot be reduced to a
syothesis of unrelated elements through effector activity, and
the question remams, how much sigmficance the motor factor

¢ The experiment 15 as follows  The subject 1s shown a diggram such as

Pt = M
L S )
N - &
L-N -

and studies it wntil be has, apparently, an image of the whole square and
can “look at” it and read the letters off, one by one If he really has such
&n image, 1t will not matter m what direction he is asked o “read.” Ac-
tually, it 15 found that the subject canpot reproduce the letters as fast from
right to left as from left to nght, or promptly mive the four letters, @, 2, ), 2,
that mnke up the diagonal from lower nght to upper left. So what seers
a simple, immedistely given image of the whole ¢ actually p senal recon-
straction of parts of the figure An “image” of triangle or square is sumpler,
longer practiced, but may be fundamentally the same. The percepton of
sach fgures, also, may involve a temporal sequence
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may still have Receptor adjustment (head-and-eye movement)
is the most prominent feature of wisual perception whether in
rat, chimpanzee, or man—except w long-practiced habits, The
assumption has been tacitly made that the adjustments are un-
important for theory (once it was shown that they were not the
whole answer). The fact of eyemovement has been treated
only as a further (negative} evidence that the locus of excita-
tion in the retmna s unimportant, smee the changing retinal pro-
jection does not disturb perception. But obviously another
pomt of view 15 possible. The thesss of this chapter is that eye-
movements i percephion are not adventitious  They contribute,
constantly and essentially, to perceptual integrabion, even though
they are not the whole ongin of 1t
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3. Field Theory
and Equipotentialily

The last chapter exarmned the proposition that perception 1s
a unitary process, 1n all its aspects We can turn now to an m-
vestigation of the two theories, Xohler's and Lashley’s, that have
resulted from that :1dea In effect, thuis will be a entique of the
theory of perception, since Kohler and Lashley are the omly
writers who both recogmze the real problem of the neural
mechamsms of perceptual mtegration and attempt an adequate
solution, Others have avoided the crucial difficulty of specify-
mg the way m which perceptual generahization cccurs FEather
like Pavlov (1928, 1932) they have not seen the difficulty at all,
or like Hull (1943) have put it to one side for solution later.
Hull has discussed the problem, but only to show that it 1s not
necessarily msoluble for lis theory of learning (Hull, 1945).
For the present, Kohler and Lashley are the only ones who have
attempted to say where and how perceptual generalization takes
place

For reasons already menhoned, however, the line of thought
that they have chosen may be a blnd alley, and it must be
shown that there are other possible solutions. Until someone
challenges the theory of innate shmulus equivalence and equi-
potentiahty, and of neural fields and gradients as the omly
mechamsm of mtegrahon, any theory with neural connections m
its ancestry 15 damned before it 1s bom. Bemng grawd, and so
disapproving of mmfant damnation, let me look for another
gospel.

38
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CLARIFICATION OF TERMS AND ISSUES

As elsewhere, the 1ssues here have sometimes been lost sight
of i the dust of a prolonged battle There 1s one mam ques-
tion whether recogmition, or a selective disciminatory re-
sponse, requires the excitation of specific neural cells or not

The doctrine that it does not, we can refer to as equipoten-
tiality. Kohler does not use the term, but his posihon 1s the
same as Lashley’s on this pomt, and a smgle term will do

Explanations of the supposed equipotentiahity duffer greatly m
some respects but agree m thew stress on patternmg mn the cen-
tral nervous system as agamst locus of excitaton so we can
agamn use a single term, conmfiguration theory, to designate
Kohler'’s (1940, Kohler and Wallach, 1944) explanation by elec-
trical fields 1n the cortex and Lashley’s (1942a) alternative idea
of irradrating waves of excitation and their mterference patterns.

Next, sensory equipotentiality can be comed for Lashley’s
“equivalence of stimuli,” which 15 ambiguous One may want
to refer to a hmited degree of equipotentiality, m afferent struc-
tures, without acceptmg the whole theory of equipotentality m
central action, and this term can be used for the purpose

“Equvalence of sttmuli” has a double reference It may mean
only (1) that different shmuli can arouse the same response.
This 15 an observed fact of behavior, whatever one’s mterpreta-
tion of the fact But Lashley has also used the term to mean
(2) that it does not matter what sensory cells are excited m
order to get a certamn response, and this 1s interpretation The
fact that two different patterns have the same effect may be
due to eyemovement, or to multiple learming processes (the po-
sition adopted here), or 1t may be because similar patterns of
excitation have the same ultimate motor effect, mnately and
necessarily, whether the receptors excited are the same or not.
Let us then separate fact from mterpretation, and let us refer
(1) to the bebavioral evidence in speaking of the equivalence
of stsmull, and (2) to a parhcular interpretation 1n speaking of
sensory equspotentiality.

Finally, the 1dea of equipotentiality itself should be made
more expheit. “Potentiality” literally imphes only that different
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cells are able to acquire the same function in behavior. Anyone
must agree that this can happen, with separate leamnmg proc-
esses It iy the basic idea of conditioning But Lashley bhas
given the word another meanmg, that all cells 1n a system neces-
sarily do acquwe the same funchon, when excited mnn a given
pattern, so that separate learning processes are not necessary for
babits mvolving different shmuli or duifferent parts of a cortxcal
field.

Suppose for example that a habit is set up mn this way. the
stimulus is a cicle, let us say, that falls always on the same
retinal cells m the lower right guadrant, the response is a move-
ment of the left hand The stimulation then 15 confined ta one
half of the visual area 1n the nght hemisphere, and the response
1s determined by motor systems that are also mn the nght hemi-
sphere. Equipotentiality implies (1) that any other retmal ceils,
excited mm a cxrcular pattern, will ehieit the same response—with
either left or nght hand, {2) that the right hemisphere may be
extirpated, and the left will be found then to have “learmed”
whatever the night did, and (3) that this transfer of learning
from one set of cells, pnmanly excited, to other sets does not
depend on an earlier experience thot set up conrections between
them 'The idea s that the transfer 1s an mnate property of the
central nervous system, so that 1t 15 not possible for a particular
habit to depend on any particular neural cell within an ana-
tomical system, m any cwrcumstances, If a whole system 15
extupated, habits will be lost {es when both visual areas are
removed), but 1t is not possible for a halst to be dependent on
one half of an anatomical system only (for the hahit to depend
on one visual area alone, or on any part of 1t)

This 1s obviously a rather extreme position An alternative
hypothesis to be proposed later recognizes a hmited field action
in the sensory projechon areas, and somethmng like a limted
equipotentiality between cells that are :n funchonal parallel m
physiological systems (thns will be clear later on}, but m the
main it derives transfer of response from earher-established
habits and specific connections.

The issue is thus defined. We must recogmze that Kohler
and Lashley have been completely successful in their original

# attack on sttmulus-yesponse theory such as Watson’s. No one
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now believes that retinal cells acquire direct connections with
muscle cells, as 1z & cluld’s learming to say “cat” when he sees a
cat, The elmmation of such overstmplified forms of switch-
board theory was a fundamenta! contnbution. One need only
glance at the Journal of Neurophysiology to see that there are °
gradients of neural activity, there 1s some mutual influence of
nesghboring parts as an excitation is conducted from the retma
to area 17. Electrophysiclegy has fully confirmed the value of
such ideas, and they must enter mto psychological theory.

But in fact, they have been generally accepted already, so
this 15 no longer an 1ssue  Pavlov’s wradiabor and concentra-
tion 1s a feld achon Hull end Spence both make use of the
notion of gradients. The gueston now 15 whether gradients
and fields are the only mechanism of a selective neuraf action
or whether they are combwned with an egually important mech-
anism of connections and speciahized conduchon paths

In short, configuration theory represents two things It has ,
been, first, a necessary comrective to earhier 1deas, such as
Titchener's and Watson’s, This positive contmbution must be
recognuzed as an important step forward. But there 15 also an
over-reaction from punciate sensory elements and senson-
motor connechons that 1s about as extreme as these older 1deas.
As a theory, therefore, configuratiomsm is just as vulnerable ase
structuralism and the early behaviorism were.

Now let us see what the evidence is by which we can accept
or xeject field theory and eguipotentiahity, Some of the evi-
dence that has been used to support these 1deas actually 1s not
relevant to the question, end such evidence can bhe discussed
fitst, leaving the more relevant evidence for later consideration

THE PERCEPTION OF BRIGHTNESS, SIZE, PITCH

In the hterature, the perception of relative mtensity has been
used almost entirely by writers on configuration theory for the
embarrassment of learning theory Actally, it 15 no easier for
configuration theory to explam, and so is not really relevant to
the debate between the two. It has been thought to be crucial,
however, and so must be considered here Man or animal teads
to perceive relative rather than absolute intens:ly, extent, or fre-
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quency. One can readily tram an ammal to choose the larger
of two surfaces; 1t 15 extraordinarly hard to get hmn to choose
a particular size, except when differences are very great These
facts are psychologically important, and they provided a decs:-
swve answer to learnmg theory 1 1its older forms, but we know
too httle of the physiology of the relative perception to use it
as evidence for or agamst any currently mamtamed psycho-
logical theory.

The actual expermmental evidence is as follows, taking the dis-
crimnation of brightness as an example,

A rat 15 tramed to go toward a hight of intensity 1 and to keep
away from mtensity 2 {1 e, twice as strong as mntensity 1) He
1s then presented with intensthes 2 and 4, and chooses (if he
chooses at all) imtensity 2—which he was taught to avoild (In
the test, discnmination may break down, choices bemng made at
random This happens perhaps less than half thé time, but a
consistent choice of an absolute stimulus value never occurs mn
the rat m these circumstances, and the relative value is what
the amumal discriminates, when he does discrnmmate.)

Or, if the rat 1s taught mn the first place to avoid an mntensity 1
and to choose mtensity 2, m the test with 2 and 4 he will reject
the stmulus he was tramed to respond to m favor of 2 new
one, mtensity 4. This happens even when the animal has been
reared m total darkness and has never m lis Life seen that
stimulus before This 15, so far as one can see, still a conclusive
answer to any theory of behavior that deals in connections from
specific rods and cones to specific muscle fibers (Hebb, 19375).%-

But the perception of brightness 15 commonly cited m a
broader context, as supporting configuration theory in general
aganst “learning” theory m general. By implicahon, 1t 15 treated
as support for the 1dea that discrnmmation 1s not dependent on
the excitation of any particular cells, at any neural level. Thys
does not follow. The truth 1s that no one has produced any
good explanation of the relative perception, so 1t does not sup-
port one camp agamst the other, and the truth 1s, also, that

% Thiz author, however, seems to have supposed that such experiments
rale out all possbihty that connechons are the basis of learming The
hypothesis presented i the following section 15 enough to show that the
conclusion was unwarranted -
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we know little or nothing about the locus of the cells whose
actvity medmtes the perception “brighter,” or “smaller,” or
“lgher” {m pitch), so the facts nerther deny nor support the
hypothesis of equipotentiahty.

We know, with reasonable certainty, that the training process
does not form a connection all the way from receptors to ef-
fectors, but 1t is still possible to suppose that connections may
be formed at some mtermediate levels. I shall outhne here a
possible hypothess, mamly to show that we must know more of
the physiology of sensation before brightness perception (for
example) can be made an argument for or agamst any existent

theory.

AN HYPOTHESIS OF BRIGHTNESS PERCEPTION

Marshall and Talbot's (1942) treatment of visual acuity makes
1t possible to mssume that the perception “bnighter” depends on
the achwvity of particular corhcal cells, but not of particular
receptor cells We take for granted that mtenmity 2 excites
a larger population of first-order (retinal) neurons than inten-
sity 1 and wnth a higher rate of finng Intenmity 4 excites a
still larger population The fact that 2 and 4 may ehicit the
same selective response 15 an argument for a sensory equipoten-
tiahty, but the equipotentiality may disappear farther on m the
system.

Marshall and Talbot pomnt out that the whole visual system,
from receptors to the several layers of the cerebral cortex, must
act to damp strong stimulations, amplify weak ones See what
this means for the bebavioral problem At each synaphe stage
m transmission the damping, or amplification, increases A level
X may be reached m the system where the degree of actvity 1s
constant for an adapted rebnal area, with a brightness mn the
middle range The amount of activity at X, then, will be the
same whether the eye 1s adapted to mtensity of 1, 2, or 4.

This of course 1s true only m adaptation The system must
remain very sepsihve to changes of stimulus mtensity There-
fore, when the eye after bemng adapted to 1 1s focused on 2, the
level of actvity at X goes up, say, from n mmpulses per second
to 1.5n, The same would happen when the eye adapted to 2
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18 focused on 4 In one part of the system, the same central
neurons might thus be active in the perception “brighter,” re-
gardless of absolute stimulus values (In other parts, the cells
that are aroused would shll correspond partly to the ahsolute
mtensity, and this helps to account for the fact that absolute
values can be detected, though the tendency 1s toward the rela-
tive discrimination. )

My pomt 15 not that this has explamned the relative percep-
tion. I do not suppose that the problem 15 as sumple as this has
made 1t sound. The pomnt is that the known facts are net m-
consistent with the idea that the perception “brighter” mvolves
an achvity in specafic neural cells at some point in the system,
and thus that a perception of relative values 15 not incompatible
with some specific neural connections Something else, a “sen-
sory equipotentiality” akin to neural gradients and field action, 15
certainly mnvolved; but the establishment of new symaptic con-
pections 15 not ruled out as the basis of an ammal’s learnmg to
respoud to the brighter of two surfaces.

In the next two chapters some neurophysiological ideas are
proposed about visnal perception They could be elaborated
speculatively to deal with the perception of brightness and size,
though I have not done so. The perception of size, hnghiness,
and pitch should be written down for the present as not yet
accounted for, by any theory. Before they are, we shall have
to know much more about the physiology of sensation,

THE PERCEFTION OF PATTERNS

In the perception of patterns we reach surer ground, having
more of the relevant physiological information available and
being better able to see what bearmg the facts have on the
theory of equipotentiahity,

An amimal that has learned to look for food behind a small
square and not behmnd a small eircle will, without further train.
ing, choose a large square and reject a large circle Small and
large squares are “equivalent shmuli.” If each 1s perceived with
a single fixation, it fs impossible for the total pattern m each
case to excite the same set of retinal cells, The current treat-
ment of perceptran disregards eyemovement, the mnference has
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been drawn, therefore, that the locus of the cells shmulated by
the square is ummportact. Only the pattern of stimulation
matters

But we have seen, in the last chapter, that eyemovement can-
not be disregarded A rat traned to jump toward a square does
not respond only to the total figure, but at tunes clearly responds
to parts of it, as separate entites Eyemovement has never
been controlled m animal studies of perception. If the rat fix-
ates parts of the figure 1n succession the result 1s to superimpose
its parts, one after another, on the same retnal cells that were
mvolved i the ongmal traimng  The locus of excitation may
then be essential. Evidently the equivalence of sumilar patterns
different m size does not mn wtself provide support for the theory
of equipotentiality

For the evidence to become crucial, two conditions must be
fulfilled. The equvalent stmulh must be shown to be con-
ducted to different parts of the central nervous system, and
there must have been no previous experience that could have
set up connections between those parts before the experiment
began '

One of these conditions has been met by Levine's {19454,
1945b) expennment with pigeons The ophic chiasm in buds s
completely crossed, so one eye conducts to one ophe lobe, the
other to the other. Levine aclueved the truly surpnsmng result
of findmg transfer for patterns in the lower half of the visual
field and not i the upper half For configuration theory, the
best that can be saxd wath these results 1s that there 1s a hmated
equipotenhality, between parts of the optic lobes (from the op-
posite pomnt of view, these results definitely refute the theory
of a general equipotentiality m vision).

Levine’s expernment did not, however, control earher expen-
ence n hus birds, and it remamns possible that even the limited
equipotentiality suggested by his results 15 ilusory It 1s pos-
sible that patterns i the lower half of the bird’s visual field—
as when the bird 1s foraging on the ground, or alightng on a
perch that extends mto the field of vision of both eyes~had
estabhished, by perceptual learning before the experiment began,
mterconnections between the two optic lobes which might later
be a basis of transfer This would not require that the bud


http://www.cvisiontech.com

46 Field Theory and Equipotentiality

have learned beforehand the actual patterns used in the expen-
ment, only that the parts of those patterns (or “perceptual ele-
ments” see Chapter 5) have been learned.® That thus possi-
bility 1s not far-fetched will be seen as we consider next the
instantaneous recogmtion of patterns by man, where it 15 evi-
dent that the perception of one or two parts of a figure may be
the clue to recogmizing the whole.

Human beings readily recogmze certam patterns m the tachs-
toscope The time of exposure of the pattern 1s of the order of
one-fifth of a second The subject cannot fixate the separate
parts of the pattern one after another, and cannot adjust his
eyes n advance so as to make it fall on any particular retinal
cells This might be mnterpreted as eguipotentiality, but there
are facts that make that interpretation practically impossible.

I propose that the human capacity for recogmzing patterns
without eyemovement 1s possible only as the result of an mten-
sive and preolonged visual tramming that goes on from the mo-
ment of birth, during every moment that the eyes are open, with
an mcrease m skill evident over a peniod of 12 to 16 years at
least The evidence supporting thus proposition 1s found (1) m
the errors made m tachistoscopic recogmtion, (2) in the way
m which reading skill develops, and (8) m the rate and course
of Jeamng by the congemtally blind after operation,

1. The recogmition of patterns mementaridly percerved, as i
the tachistoscope, 18 extremely defechve except with simple
and convenhonal pattemns, or very simple combinations of
them. The process 1s exactly that named by Woodworth (1938)
“schema with correction” This means that the pattern 1s per-
cewved, first, as a familiar one, and then with something missing
or something added The something, also, 1s familiar; so the
total perception 1s a mélange of the habitual.

¢ In particular, the slope of Lines as they extend mto the fields of both
eyes smnultaneously This explanation by a learming process 1s not, how-
ever, the only alternative to equpotentiality Another possibility 1s that
part of each aptic lobe, recerving Impulses from the npper hemmehna only,
has a pomnt-to-point projechon to the other lobe Transfer would thus be
mnately provided for The explanaton by learming, however, should be
exammed first, by repeatmg Levine’s experiment with pigeons reared in
darlmess and kept i darlmess except when they are actually bemg trained
or tested

.
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The subject’s reports are such as “a triangle with the top cut
off” or “a square with a crooked bottom” It 15 thus clear that
the subject 13 not only responding to the diagram as a whole,
he perceives its parts as separate enhties, even though presen-
tation 18 so brief Errors are prominent, and such as to show
that all the subject really perceives—and then only with rough
accuracy—is the slope of a few hnes and their direction and dis-
tance from one another, A drawing or a report of what 15 seen
tachistoscopically 15 not unhke a paleontologist’s reconstruction
of early man from a tooth and a nb There 18 a clear effect of
earlier expenence, fillng n gaps m the actual perception, so
that the end result 15 erther something familiar or a combmation
of famihar things—a reconstruction on the basis of experience,

All that 1s needed to account for the recogmbon of pattern
without special adjustment of the eyes, to the extent that such
recogmtion really occurs, 15 ability to recognize roughly (1) the
slope of line, (2) degree of separation of pomts, m any retmal
projection. These m combination cover ntersection of lines,
sharp 1nflections of hine {or comers), and curvature of lme (by
the vanation of slope at different pomts, and the absence of
sharp mnflection) What I am proposing, then, 1s that, durmg
the continuous, mtensive, and prolonged visual trammg of in-
fancy and childhood, we learn to recogmze the direction of hne
and the distance between pomnts, separately for each grossly
separate part of the visual field.®

® Here, as elsewhere, I have chosen to be more definite than is actually
required by the theory to be developed, this is done with the conviction
{1) that vagueness is not desirable as such, in psychological theory, and
(2) that the more definite assupphon may turm out to be correct, and at
any rate thould be explored,

I 1t 1 pot comect, however, the later theorizing is um.Eected An
alternative posmbihty to be considered 1s that some form of Lashley's
mterference-pattern theory may hold in modified form Lashley has used
the theory to explain perceptiom of a square or trniangle as a single umified
process, and 1t will be seen In the leter part of this chapter that the theory
m this form cannot be maintamned, but 1t might be feasible to apply !t to
single lines instead Then the stmulation from a line of a certain slope m
one part of the visual field would be mnately eqmvalent to the stimulation
of 2 sunilar line 1 another part of the field I kmow of no evidence that
opposes this, but no evidence for it either,

Psychologically, such an explanaton might be more plausible, what 1t
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I have already admitted that such ideas sound unhkely The
perception of simple objects seems so sunple and direct, so ob-
viously immedsate, that it cannot be complex and the result of
a long-drawn-out Jearming process. But 1t was shown m Chap-
ter 2 that the learning process i necessary, that the end result
is complex, whatever it may seem

It should be noted that these ideas do not mean that each
separate row of single cells m the retina must be separately con-
ditioned for the perception of horizontal lme (e g ) m different
retmal projections. Marshall and Talbot's discussion of visual
acuity implies a sigmficant overlap of excitation, at the level of
the primary visusl cortex, from lnes that have distinct retmal
projections. It is not clear how great thus spread is, m terms of
retinal angle, but 1t may be of the order of 2° m central vasion
and considerably greater at the periphery Accordngly, the
number of separate visual habits necessary to ensure the recog-
mtion of horizontal line m any retmal projechon might be, per-
haps, not greater than 10 or 15. Lines of slightly different slope,
hikewise, would not have to be learned separately (remember
that sccuracy i discriminating slope tachistoscopically is not
great) The number of separate perceptual habits needed to
account for tachistoscopic vision, consequently, is by no means
infinite

Now consider how intensive and prolonged the human visual
tranng 18 As we shall see later, every smgle movement of the
eyes, when exposed (as they always are) to an unevenly lighted
field, produces a number of excitations correspondmng exactly to
the excitation from a number of hnes all parailel to the direc-
tion of eyemovement, The eyes are constantly moving when the
subject is awake, Every waking moment then provides the
necessary conditions for reinforcing the perception of lmes, in
every part of the retina.
would postulate ix that parallel “ndges™ of activity m area 17 would tend
to excite the same, difusely arranged, cells m 18 My neural schematizng,
in the following two chapters, would then go on as befare, but withaut the
necesaity of supposing that diffevent parts of the retina must bs separately
canditioned to produce recognition of the slope of lne in any part of the
field

‘The question 15, I beheve, open to expenmental test, and will be inves-
tigated


http://www.cvisiontech.com

The Perception of Patterns 49

We have already seen that it takes months for the first direct
apprehension of a figure such as a plain, well-marked triangle to
be estabhished The normal human infant, apparently, reaches
this stage quite early mn hfe, but hus further traming continues
every moment that his eyes are open, and must extend his ca-
paaty for prompt recogmbon of patterns fallng outside the
macula.

2. Speed of reading increases up to the age of 12 to 16 years,
or perhaps even later This speed, depending on the instan-
taneous recogmbion of larger and larger blocks of letters, may be
regarded as a function of the training of peripheral wision, 1t
mphes that learning to recogmize a word unmediately (as a
smgle Gestalt) m direct central vision does not mean recogmz-
mg 1t inmediately at any angle of regard, though this is what
the theory of equipotentiality requires.

1t might be argued that the theory does not require this, be-
cause of differences of acuity between central and penpheral
vision Penpheral recognition of a word may depend, for ex-
ample, mare on 1its general outlme and less on particular letters.
It might be argued, that 1s, that an increased speed of reading
depends on learning to use different cues from those used in cen-
tral visson. This may well be true, but such an argument aban-
dons the fundamental thesis of equipotentiahty, namely, that the
same properties of form are perceived whatever the retmal pro-
jection, provided acuity is sufficient Above all, such an argu-
ment would mmply that peripberal recogmtion and central recog-
mition depend on separate visual habits, which 15 the argurent
of this chapter.

More direct evidence on the pomt 1s available, however, than
when the above considerations were first formulated These
considerations suggested the need of a re-examination of some
features of tachistoscopic perception, and this has been begun
by M Mishkin and D Forgays Their expenments show di-
rectly that reading does not tram all parts of the retina 1n the
same way, even when acuity does not enter the picture, The
work will be reported mn detail elsewhere, 1n summary, the fol-
lowmg resunlts have been obtammed. Fluent readers of Enghsh,
used to reading from left to right, are able to recogmze words
to the right of the fixation pomnt between two and three times
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as well as words to the left of fixation. Readers of Jewish (m
which the words run from nght to left) recogmze more words
to the left of fixaton These results can be obtained when the
subject does not know whether an English or a Jewish word is
commg next, or whether 1t will fall to the nght or the left of
fixation—that 15, with a random order of left-right, English-Jewish
presentations The subjects that have been studied were not
very Huent m Jewush, apparently, and the left-right difference,
with Jewish words, was not statistically sigmificant (P = 015);
but 1t 15 certam that whatever factors make the Enghsh word
better recogmzed to the night of fixation does not affect recog-
nibon of Jewish words. Either there 15 no difference, or the
Jewish word 1s recognized better to the left

This shows directly that there 15 not an equipotenhality be-
tween the left and the nght hemiretina, or left and nght oc-
apital cortex, m man. A learned response can be more readily
ehicited from one part of the retina than another, which provides
a good deal of support for the assumption, made n these chap-
ters, that a separate learning process 1s necessary for the elicita-
tion of the same response by stimulation of a separate region in
a receptor surface

3. Fmally, there are Senden’s explicit reports of the way pat-
tern wision develops after the congemtally blind are operated on
(see Chapter 2). The patient, despite weeks of practice, must
still count corners to disingwish a square from a tnangle here
there 15 no umimportance of the locus of stimulation, no evidence
of equipotentiahty When the patient first gets to the pomt of
naming an object promptly, the recogmtion is destroyed by put-
ting the object into a new sethng or by changing its color. The
significant fact 15 that the charactenishc rormal generalization
shows up later, after a prolonged and arduous traming process.
The evidence 1s clearly that the apparent equipotentiality 15 the
sequel and product of learning, the perception of pattern 1s spe-
afic and limited at first, generalized only with further practice;
and in these cases there is no support whatever for the 1dea that
when a pattern 1s recognized at one angle of regard it will be
at once recognized in any other.
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CLINICAL AND ANATOMICAL EVIDENCE

We can turn next to the climeal and anatomical evidence that
is related to the question of equpotentiahity n percephon

The conclusions reached already are supported by the per-
ceptual completions m hemianopia, descnbed by Fuchs (1920)
and Lashley (1941) When one occipital pole of the bramn has
been destroyed by injury, or temporarily loses 1ts function n a
migrame attack, the patient becomes blind 1n half the visual
fleld. H a simple symmetrical object such as a sohd white
square or a billiard ball 1s fixated in the midline, the patient
nevertheless reports that he sees all of it That he does not, but
mstead completes 1 his perception what he really sees only half
of, 1s shown by another fact If half the object 1s presented
mstead, m such a way that the missing half would have fallen 1
the blind side, the patient still “sees” the whole object

What 1s the basis of this completion? Koffka (1935) treats it
as a further evidence of Gestalt principles—an mstance of the
operation of field forces. This, however, is precisely what it
cannot be.

In two of Fuchs’ cases at least (Fuchs, 1920, pp 424, 436) the
gunshot wound that produced hemianop:a must have destroyed
one area 17. The bullet entered the skull in the midline at the
occipital pole, and could hardly have destroyed the optic radia-
tions on one side without also destroymng the wisual cortex on
that side But area 17 is the cortical tissue m which a dynamic
completion, due to field forces, would have to occur, there 1s no
isomorphism in the excitation conducted beyond 17—conduction
15 diffuse, and the topolog:cal relationship to the visual stimulus
that 1s retamed from the retina to area 17 1s lost beyond 1t, so
the fieldforce idea 1s appheable only at tlus level. The com-
pletion, then, 1s not the result of a field process.

In the case of migramne scotoma described by Lashley, the
symptoms indicate that one visual area was nonfunctional dur-
ing an attack But this agan is the tissue i which mterference
patterns would have to onginate, to produce the perception of
a complete object fixated in the center. According to the theory
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of jotexference patterns (Lashley, 1942g) the perception of a
semicircle lymg immediately to the right of the fixahon point
depends on the particular interference pattern that is set up by
that diagram m the left visual cortex A whole errcle, fixated m
the middle, sets up two such wnterference patterns, one from
each visual area. In the hemmanopic, only one can occur, why,
then, should the patient see a whole circle? The conclusion is

T 2 4Lk
1 A

Ficore 4 Dwmgrammmg roughly the changes in cortical projection of a
square when the fixabon pomt only is changed based on the data of Polyak,
1941, and hus figure 100, for a square gubtending & visual engle of 18° 20’
{ the s1ze of the “central ares” of the repna) 1, fixation on the upper nght
corner of the square, which thus falls m the lower left visnal field and pro-
duces an exatabon m the upper nght cortex only, 2, fixation on the Jower
nght comer, 9, hilateral projection with fixation on the center of the sguare,
4, hilateral, fixation on the mdpomnt of the top hne of the sguare, 5, fixation
on mudpomt of bottom line, F, projecbon of fxation powmnt, VA, vertical
mendisn.

snevitable that the “completion” occurs m some other, undam-
aged, area of the cortex—and that 1t cannot, consequently, be a
field process.

Next, consider some of the anatomical properties of the visual
cortex m which the Held process must oocur.

There is a pomt-to-pomt correspondence between the retina
and the visual cortex, or area 17 (Lashley, 1934, Polyak, 1941).
Thus there 15 an 1somorphism of the visually stonulating surface
with the resulting excitation m area 17, and both the theories
that we are examining essurne that this fact accounts for the per-
ception of & square, for example, as a distinctive whole But
there are defimite limuts to what somorphism can account for in
perception

Fagure 4 represents roughly the patterns of cortical excitatron
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that are aroused by looking at different parts of the same pat-
tern, a square These show how hard it 1s to suppose that the
perception of a square, as dishuct from other quadnlaterals, 1s
determined by the shape of the somorphic excitation 1n avea 17,
since that shape varies so much

{There are undoubtedly major errors in the figure, which 15
based on a diagram by Polyak {1941, figure 100]. Polyak made
no attempt to represent corresponding retinal and cortical pomts
m detail, the necessary evidence for domg so 1s actually not in
existence Polyak’s diagram also dewviates 1 some respects from
lus text, which 1s presumably the more accurate, his figure 100,
for example, shows the “central fovea” half as wide as the “cen-
tral area,” whereas hus text, pp. 230-231, suggests that the differ-
ence n size 15 greater, Figure 4 follows hus diagram, not the
text. Fmally, the human visual area cannot be represented ac-
curately as a flat sheet )

Figure 4 1s only roughly accurate, it seems certamn, however,
that the distortion, mn the pattern of cortical excitation, that oc-
curs when fixation is changed from one to another part of the
figure 15 at least as great as that diagrammed 1If the data of
Marshall and Talbot (1942, p 134) had been used instead, the
discrepancies would have been greater Furthermore, a differ-
ence in size (in terms of retnal angle) between two squares
would produce even greater changes i the shape of the cortical
excttation, although squares of different size are also supposed
to denve therr common 1dentity from the distmbution of excita-
tion m area 17,

The reproduction of retinel patterns in area 17 s topologiesl,
not topographical, and if identity were completely determined
by the shape of the cortical excitation, regardless of what the
fixation pownt may be, the perceived properties of a square with
shufting gaze or at different distances should change markedly—
remaming, 1t is true, a quadrilateral (topological reproduction
provides for this), but not retamning the same proportions. That
is, errors should occur, 1 the perception of quadnlaterals, which
do not occur, or m the perception of triangles, and so on. A
cucle m one angle of regard should be confused with an oval
m ancther angle. One might postulate a differential cell den-
sity to correct the distortion of topographical relabons which I
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have duagrammed, but there is no support from histological
study of area 17 to support this ad hoe assumption, and I can
find no way of doing 1t for one pattern which would not mean
an even greater distortion for another.

However, another way of dealing with this obstacle for field
theory has been proposed by Kohler and Wallach (1944), who
suggest that a differential “satiation” or fatigue would correct the
anatommeal distortion of the cortical retina This proposal will
be considered with other aspects of their theory of figural after-
effects.

THE THEORY OF FIGURAL AFTER-EFFECTS

Kohler end Wallach (1944) have proposed 2 new treatment
of perception which 15 1 some respects very attractive and deals
with a certain set of facts very efficiently On the other hand,
I believe that the theory 15 inconsistent with some of the facts
reported by Kohler and Wallach themselves, and that it cannot
be considered to have disposed of the anatomical difficulty that
has just been discussed.

Followmg some original expennments by Gibson, Kohler and
Wallach have studied certam pecuhar fatigue effects resulting
from prolonged inspecton of visual objects The method of
experiment 15 this The subject keeps his eyes fixed, for some
two to three mimnutes, on a smgle “fixation pont” m a large sur-
face op which a diagram 15 also prescnted. The fixaton pomt
15 determned by the experzmenter so that the “mnspection figure”
stinulates a particular part of the retina, Then, after the m-
spection period, the subject looks at a second surface, agam with
a fixation pomt determined by the expermmenter, which 1s placed
so that a “test figure” on this second surface also stmulates a
particular part of the retma Thus n figure 5 are represented
both an mspection and a test figure, superimposed so that one
can see the relationship between the retinal projection of each.
The fixaton pomt 15 shown by a small x, the inspection figure
(at which the subject stared first) 1s the large rectangle marked
I, and the test figure 15 the set of four small squares each
marked T. These four squares are so placed that two fall in 2
region of greater fatigue or “satiation,” near the boundary of the
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rectangle, and two fall farther away, allowmng one to discover
the changes that occur m the neighborhood of the mspection
figure, where satiation has occurred,

When a test figure 15 projected on the retina near the place at
which the mspection figure was projected, several effects can be
observed m the test figure These
effects mclude a color effect (fad-
mng), a depth effect (apparent -
crease of distance from the observer),
and displacement effects (apparent
change in direction of hine, n pos:-
ton, or in size) It 15 the displace-
ment effects with which we are con-
cerned here. Kohler and Wallach
Propose, first, thet the basis of per-
ception 1s the occurrence of electric
currents aroused by the visual ex- 7
citation 1n the cortex of area 17, sec- Frovre 5 Dumgnm from

=)=
=l

ondly, that the flow of these currents,
m the neighborhood of the excitation,
Increases the resistance of the tissue
through which they flow Ths m-
crease of resistance 1s satiation, and
the changes it causes in current flow
account for displacement effects,
This is on the assumphon that per.
cerved distance between two ohjects
“vanies with the degree to which

Kohler and Wallach, Proc
Amer Phil Soc, 1944, 88,
p 280 Courtesy of Amen-
can Philosophical Socety
and of the authors The
large square, I, 13 the “mn-
spection figure”™ to which the
subject is first exposed, the
Iarge square 15 then removed,
and the subject looks at the
four smaller “test” squares,
each marked T

corresponding corhical objects [ie,
the excitations m area 17] are mterrelated by their figure cur-
rents” (Kohler and Wallach, 1944, p 334) Just what this mter-
Telation 15 and how 1t operates 1s not specafied, but 1ts degree
decreases when the hissue between two areas of excitation has
an increased resstance 'The two corresponding objects m the
visual field then look farther apart. It 1s also important to ob-
serve that Kohler and Wallach state exphatly (p 337) that ap-
parent displacements are not dependent on actual changes 1n the
locus of the excitations i area 17 only on 2n mereased resistance
to current flow in the tissue between them.

These assumphons account economically for some of the phe-
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nomena described by Kohler and Wallach. Other phenomena,
however, seem inconsistent with the theory Consider first the
percerved size of a figure within an area of satiation, including
the special case where the test figure comcides with the mspec-
tion figure According to the theory, the perceived size of a
square or circle should increase with mcreased satiaton, smce
the greater resistance to current flow between opposite sides
should produce an overestmation of the distance between them.
In fact, the oppostte 15 frequently reported by Kohler and Wal-
lach when a test figure, such as square or arcle, comcides
exactly with the locus of the previously seen mspection figure,
its apparent size diminishes, Again, m figure 5, the excitations
produced by the two small test squares on the nght, near the
boundary of the mspection rectangle, are separated by tissue
that 1s more satiated than that separating exeitations from the
two small squares on the left—yet the two on the night appear
closer together than those on the left. Ths difficulty for the
theory 15 found 1n the data obtamed by Kohler and Wallach
with therr figures 1, 2, 3, 4, 5, 7, 10, and so on

The problem has been recogmzed by the authors and is
briefly discussed at the end of thewr monograph (pp 351, 358)
They suggest two possible solutions one 15 that apparent size
may be affected by the presence of a large area of sattation sur-
rounding the figure, as well as by the degree of satation withmn
it (p 851), another 1s the possibility that an immediate self-
satiation, by the test figure 1tself, may have a greater effect than
immediate self-satiation plus a pre-existent sabation (p 858). If
I understand these explanations, they may undermme all the
preceding argument, much as “afferent neural mteraction” under-
mmes Hull’s theory by removing the definiteness of inference
from his other postulates (p 15) Certamly these two mflu-
ences, of immediate self-sabation and of 2 surrounding area of
satiation, would have to be reckoned with mn the production of
other phenomena, else their existence would become an ad hoc
postulate to be used only where difficulty appears Ths of
course may mean only that the theory needs to be worked out
m more detail, as Kohler and Wallach themselves have ponted

out,
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Next, a difficulty of a somewhat different kind, related to the
anatorcal distortions of the corhcal retina (the difficulty for
configuration theory that was discussed m the preceding sec-
tion)

To deal wath the anatormical fact that objects equally spaced
in the visual field are not equally spaced for the cortical retina,
the key assumption 15 made by Xohler and Wallach that a per-
manent sataton m the peripheral cortical retina would be
greater than m the cortical fovea, and, accordingly, that ana-
tomical distortion such as has been diagrammed i1n figure 4
would be corrected functionally The greater peripheral satia-
tion 1s thought to occur as follows Contours equally spaced on
the retina would not be equally spaced m area 17, because the
peripheral retina has a smaller cortical representabon. So an
equal distmbution of contours in the wisual field, and conse-
quently on the retina, would result m a bunclhing of contours m
the penpheral part of the cortical retina, and a wide spacing of
contours m the cortical macula On this argument, the closer
spacmg of contours would produce a higher level of sahation m
peripheral vision, which would compensate for the fact that a
given retnal angle here 1s represented by a much shorter cor-
tical distance than the same angle m central vision (Kohler and
Wallach, 1944, p. 345). Although the cortical distance 1s shorter,
resistance 18 higher too so percewved distance remains the same.

But all this has overlocked an essential fact. Acwty mn cen-
tral vision 15 very much higher than in penipheral vision, and so
there 15 no basis for assummg that the central cortical retina
would be the site of a smaller number of excitations per cent-
meter, Kohler and Wallach’s argument assumes, essenhally, that
all contours m the visual field are supraliminal for the periphery,
given this assumption, ther argument stands, but we know ac-
tually that the assumphon cannot be made, that many contours
are supralmmal for central vision and subliminal for peripheral
vision These contours, sublummnat at the penphery, would fit
m the gaps between the more widely spaced excitations m cen-
tral vision that onginate from contours which are supralimmnal
for the whole visual system, penipheral as well as central 'There
15 no evidence permitting one to be certam that the frequency
of contours that are sublimmal for the peripheral field 1s such
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as to compensate exactly for the greater spacing of other con-
tours 1n the macular area of the visual cortex, but what evidence
we have mmplies thus, since differences of acuity appear to be
closely related to the ratio of centimeters of cortex per degree
of visual angle (Marshall and Talbot, 1942},

The theory of figural after-effects, therefore, has not avoided
the difficulties for configuration theory that are to be found m
the anatomy of the visual cortex.

CONCLUSIONS

The conclusions that have been arrived at concermng field
theory and equipotentiality, m this and the preceding chapter,
may be summarized as follows. The exammation of these theo-
nes of perception was undertaken 1n the first place because no
way could be found of dealng with attention and attitude, m
terms of the configurational hypothesis Ths still stands as an
essential weakness, which by itself would justfy a search for
some other approach to perception On closer mspection, how-
ever, one also finds that configurabon theory has flaws even m
ythe treatment of perception itself, and some of the flaws are
serious It 15 not possible fo reject the theory finally, for an
answer may be found for each of the objections that have been
raised, and the alternative treatment that 1s proposed in the two
following chapters has its own difficulties and shortcommgs—1t
1s m fact because my theorizing about perception 1s 1 some re-
spects 1mplausible that T am obliged to emphasize weaknesses mn
other theones, just as later (in Chapter 8) a rather vague treat-
ment of motivation 1s bolstered up by trymg to show that Hull's
alternative 18 not as precise as it seems

The fundamental difficulty with configuration theory, broadly
speaking, 1s that 1t leaves too little room for the factor of expe-
nence It makes difficulty in seemng how learming can occur
(particularly, perceptual learning}, and m seemng how autono-
mous central processes can exist and wfluence behavior Asso-
clation (as distinct from conditioned reflex) theory, on the other
hand, may make 1t possible to adopt a halfway posthon m which
one can take advantage of some of the obvious values both of
configurationist and of connectiomist theores.
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It 1s 1mportant as psychology comes of age to avoid, of pos-
sible, the extreme positions that have often been adopted mn the
discussions of the past It 1s consequently relevant here to pomnt
out that a large part of the ongnal thesis of the configuration-
ists (the Gestalt group, Lashley, Tolman, et al ) has already
been accepted and 1s fully made use of in current thecrizing,
and also that the theory to be presented n the followmg chap-
ters 15 explicitly designed to deal from the first with the prob-
lems of form perception and attention or set—problems whose
existence has been most msisted on 1n recent years by the con-
figurationists—as well as those problems of learning and memory
emphasized by learning theorists Thus the present argument
15 based at least as much on Gestalt as on learning theory.

The current debate between these two theories cannot be
understood on the assumption that they are utterly opposed to
each other It 1s rather to be seen as like the runnmg battle
between the Left and the Right m governmental policy. the
Left continually msisting on the madequacy of present theory,
working to broaden and elaborate the conceptual armament of
the expermmenter, the Right msisting always on the dangers of
bemng too free with changes that may open the doors to ammism,
on the importance of demonstrable evidence and intelhgible
definitions, and on the necessity of fully exploning the ideas
we have now before rejectmg them as msufficient. But m this
conflict, as 1 the pohtical one, it wil be found over any
great period of time that the Right (in current psychology,
learning theory) has adopted agamn and again the ideas ong-
nally advocated by the Left (currently configurationism), once
they are properly aged and found not to have spoiled. Thus
modern learning theory 15 “sophisticated”, it deals freely m
1deas that were once anathema to it—deas of gradients, gener-
alizations, mterachion among afferent processes as well as the
classical afferent-efferent action, and so on Obwviously both
Left and Right are needed for the development of psychology,
though 1t may be easy for the configuratiomist to forget the
value of the systemahzing and search for ngor made by his
opponent, or for the learning theorist to forget where some of
his 1deas ongmally came from.
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L". The First Stage of Perception:
Growth of the Assembly

This chapter and the next develop a schema of neural action
to show how a rapprochement can be made between (1)} per-
ceptual generahzation, (2) the permanence of learmng, and (3)
attention, determiming tendency, or the like It 1s proposed first
that a repested stumulation of specific receptors wall Jead slowly
to the formation of an “assembly” of associahion-area cells whach
can act briefly as a closed system after stunulahon has ceased;
thus prolongs the time during which the structural changes of
learning can occur and conshtutes the smplest mstance of a
representative process (1mage or wdea). The way m which this
cell-assembly mught be estabhshed, and its characteristics, are
the subject matter of the present chapter In the following
chapter the mterrelabionships between cell-assemblies are dealt
with; these are the basis of temporal orgamzation m central
processes {attention, attitude, thought, and so on). The two
chapters (4 and 5) construct the conceptual tools with wiuch,
m the followmg chapters, the problems of behavior are to be
attacked.

The first step 1 this neural schemahzing 1s & bald assumpton
about the structural changes that make lastng memory possible
The assumption has repeatedly been made before, 1n one way
or another, and repeatedly found unsztisfactory by the critics
of learning theory I believe 1t 1s stll necessary, As a result, I
must show that in another context, of added anatomical and
physiological knowledge, 1t becomes more defensible and more
fertile than n the past.

The assumptien, m bref, 1s that a growth process accompany-
mg synaphc achivity makes the synapse more readily traversed

60
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This hypothesis of synaptic resistances, however, is different
from earhier ones m the following respects. (1) structural con-
nections are postulated between smgle cells, but single cells are
not effective units of transmission and such connections would
be only one factor determming the direction of transmission,
(2) no direct sensori‘motor connections are supposed to be
established 1 thus way, in the adult animal, and (3) an mti-
mate relationship 1s postulated between reverberatory action
and structural changes at the synapse, implymg a dual trace
mechanism

THE POSSIBILITY OF A DUAL TRACE MECHANISM

Higard and Marquss (1940) have shown how a reverbera-
tory, transient trace mechamsm mght be proposed on the basis
of Lorente de Né's conclusions, that a cell 15 fired only by the
simultaneous activity of two or more afferent fibers, and that
mternuncial fibers are arranged n closed (potentially self-excit-
mg) crcmts Theirr diagram 1s arranged to show how a rever-
beratory circust might establish a sensori-motor connection be-
tween receptor cells and the effectors which carry out a conds-
tioned response There 1s of course a good deal of psycho-
logical evidence which 1s opposed to such an oversimplhfied
hypothesis, and Hilgard and Marquis do not put weight on 1t
At the same time, 1t 15 1mportant to see that something of the
kind 15 not merely a posuible but a necessary inference from
certamn neurological ideas. To the extent that anatomical and
physiclogical observations establish the possibility of reverbera-
tory after-effects of a sensory event, it 15 established that such
a process would be the physiological basis of a transmient
“memory” of the shmulus There may, then, be a memory trace
that 15 wholly a function of a pattern of neural actwity, mde-
pendent of any structural change.

Hilgard and Marqus go on to pomnt out that such a trace
would be quite unstable. A reverberatory activity would be
subject to the development of refractory states m the cells of
the circuit m which 1t oceurs, and external events could readily
interrupt it We have already seen (m Chapter 1) that an
“activity” trace can hardly account for the permanence of early
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learning, but at the same ttme one may regard reverberatory
activity as the explanation of other phenomena

There are memones winch are mstantaneously established,
and as evanescent as they are :.mmediate. In the repebtion of
digats, for example, an mterval of a few seconds 1s enough to
prevent any mterference from one series on the next Also,
some memonies are both mstantaneously estabhished and perma-
nent To account for the permanence, some structural change
seems necessary, but a structural growth presumably would re-
quire an appreciable tme, If some way can be found of sup-
posing that a reverberatory trace might cooperate with the
structural change, and carry the memory unidl the growth chenge
is made, we should be able to recogmze the theoretical value
of the trace which 15 ar activily only, without having to ascribe
all memory to it. The conception of a transient, unstable rever-
beratory trace 1s therefore useful, if it is possible to suppose
glso that some more permanent structural change remnforces 1t
There 1s no reason to think that a choice must be made between
the two conceptions, there may be traces of both kinds, and
memones which are dependent on both

A NEUROPHYSIOLOGICAL POSTULATE

Let us assume then that the persistence or repettion of a re-
verberatory activity (or “trace”) tends to induce lasting cellular
changes that add to its stabihty The 2ssumption * can be pre-
cisely stated as follows When an axon of cell A is near endugh
to excife a cell B and repeatedly or persistently takes part in
firng o, some growth process or metabolic change takes place
i one or both cells such that A's efficlency, as one of the cells
firing B, is increased

The most obvious and I beheve much the most probable
suggestion concermmng the way m which one cell could become
more capable of firng another js that synaptic knobs develop
and mcrease the area of contact between the afferent axon and
efferent soma (“Soma” refers to dendnites and body, or all of

% See p 220 for a further discussion of this pownt and an elaboration of
« the sssumphon made concermng the nature of memary.
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the cell except its axon ) There is certanly no direct evidence
that this 1s so, and the postulated change if 1t exists may be
metabolic, affectng cellular rhythmicity and lmen, or there
might be both metabolic and structural changes, includng a
hmited neurobiotaxis, There are several considerations, how-
ever, that make the growth of synaptic knobs a plausible con-
cepton The assumption stated above can be put more defi-
mitely, as follows:

When one cell repeatedly assists m firing another, the axon
of the first cell develops synaptic knobs (or enlarges them if
they already exist) m contact with the soma of the second cell.
This seems to me the most likely mechamism of a lasting effect
of reverberatory action, but I wish to make 1t clear that the
subsequent discussion depends only on the more generally
stated proposition italicized above

It 15 wise to be exphcit on another pomt alsa The proposi-
tion does not require action at any great distance, and certainly
15 not the same as Kapperss (Kappers, Huber, and Crosby,
1936) conception of the way m which neurobiotaxis controls
axonal and dendmbic outgrowth But my assumption 13 evr-
dently related to Kappers’ ideas, and not mconsistent with
them The theory of neurobiotaxis has been severely criticized,
and clearly 1t does not do all 1t was ooce thought to do Onr
the other hand, neurobiotaxis may still be one factor determm-
mg the commections made by neural cells, If so, it would
cooperate very neatly with the knob formation postulated above
Cnticism has been directed at the 1dea that neurobiotaxis d-
rects axonal growth throughout its whole course, and that the
process sufficiently accounts for all neural connections The
1dea 1s not tenable, particularly 1n view of such work as that
of Weuss (1941b) and Sperry (1943).

But none of this has shown that neurobiotaxis has no mflu-
ence m neural growth, its operation, within ranges of a centi-
meter or so, 1s still plausible Thus, n figure 6 (Lorente de
N6, 1938q¢), the multiple synaptic knobs of fiber 2 on cell C
mght be outprowths from a fiber passing the cell at a distance,
and determined by the fact of repeated simultaneous excita-
tions m the two Again, the course followed by fiber 7 m the
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Ficureg 6 Relationships between synaptic knobs and the cell body From
Lorente de N6, 19384 Courtesy of Charles C Thomas and of the author
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neighborhood of cell D may include deflechions from the
ongmal course of the fiber, determined m the same way.

The details of these fustological speculations are not impor-
tant except to show what some of the possibihties of change at
the synapse might be and to show that the mechamsm of learn-
mg discussed m this chapter 1s not wholly out of touch with
what 1s known about the neural cell The changed facilitation
that constitutes learmning mught occur 1 other ways without
affectng the rest of the theory To make 1t more specific, I
have chosen to assume that the growth of synaptic knobs, with
or without neurobiotaxs, 1s the basis of the change of facilita-
tion from one cell on another, and this 15 not altogether im-
plausible It has been demonstrated by Arvanitaki (1942) that
a conhguity alone will permit the excitation aroused m one cell
to be transmitted to another. There are also earler experi-
ments, reviewed by Arvamtaki, with the same imphcabon,
Even more important, perhaps, 1s Erlanger’s (1939) demonstra-
tion of mmpulse transmission across an artfical “synapse,” a
blocked segment of nerve more than a millimeter mn extent.
Consequently, mn the mntact nervous system, an axon that passes
close to the dendntes or body of a second cell would be capable
of helping to fire it, when the second cell 1s also exposed to
other stmulation at the same pomt The probability that such
closely timed comcidental excitations would occur 1s not con-
sidered for the moment but will be retumed to. When the
commcidence does occur, and the active fiber, which 15 merely
close to the soma of another cell, adds to a local excitation 1n
1t, T assume that the jont action tends to produce a thickerung
of the fiber—forming a synaptic knob—or adds to a thickenng
already present

Lorente de N6 (1938a) has shown that the synaptic knob is
usually not a termmal structure (thus the term “end foot” or
“end button” 1s musleading), nor always separated by a stalk
from the axon or axon collateral If it were, of course, some
action at a distance would be inevitably suggested, if such con-
nections are formed m learnmng The knob mstead 1s often a
rather uregular thickeming mn the unmyelnated part of an axon
near 1ts ending, where 1t 15 threading its way through a thacket
of dendrites and cell bodies. The pomt in the axon where the
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thickening occurs does not appear to be determined by the
structure of the cell of which it 15 a part but by something ex-
ternal to the cell and related to the presence of a second cell.
The number and size of the knobs formed by one cell in con-
tact with a second cell vary also. In the light of theso facts it
is not implausible to suppose that the extent of the contact
estabhished 1s a function of jomt cellular activity, given propm-
quity of the two cells.

Also, if a synapse 1s crossed only by the action of two or more
afferent cells, the implication 1§ that the greater the area of con-
tact the greater the likelihood that action m one cell will be
decinve 1n finng another.* 'Thus three afferent fibers with
extensive knob contact could fire a cell that otherwise might be
fired only by four or more fibers, or fired sooner with knobs
than without.

In short, 1t is feasible to assume that synaptic knobs develop
with neuyral activity and represent a lowered synaptic resist-
ance. It 15 mphed that the knobs appear in the course of
learning, but this does not give us a means of testing the as-
sumption. There 1s apparently no good evidence concermning
the relative frequency of knobs m infant and adult brains, and
the assumption does not mmply that there should be none m the
newborn mfant. The learming referred to 1s learning 1 a very
general sense, which must certamly have begun long before
birth (see e.g, the footnote on pp 121-2)

* One pownt should perhaps be made expheit. Following Lorente de N6,
two afferent cells are considered to be effective at the synapse, when one
is not, only because their contacts with the efferent cell are close together
so therr action summates When both are active, they create a larger
region of jpcal disturbance in the efferent soma The larger the knobs in
a given clustex, therefore, the smaller the number that might activate the
cell on which they are locited On occaslon, a single afferent cell must be
effective 1n transmission It is worth pomhng this out, also, because 1t
might appear to the render otherwiso that there 13 something mystenions
about emphasis on the necessity of actvity 1n two or more cells to achvate
the synapse. All that has really been shown s that in some circumstances
two or more afferent cells are necessary However, this inevitably imples
that an increase in the number of afferent cells simultaneously active must
increase the relability with which the synapse 1 traversed.
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CONDUCTION FROM AREA 17

In order to apply this idea (of a structural remforcement of
synaptic transmmssion) to visual perception, it is necessary first
to examme the known properties of conductron from the visual
cortex, area 17, to areas 18, 19, and 20 (In view of the cribi-
asms of architectome theory by Lashley and Clark [1948], it
may be said that Brodmann’s areas are referred to here'as a
convenient designation of relative cortical position, without sup-
posing that the areas are necessanly functional entities or always
histologically distinctive. )

It has already been seen that there is a topological reproduc-
tion of retmal activities m area 17, but that conduction from 17
to 18 1s diffuse  Von Bonin, Garol, and McCulloch (1942) have
found that a localized excitation in 17 15 conducted to a large
part of 18, a band lymg along the margins of 17. There 1s no
powmnt-to-pont correspondence of 17 and 18 Excitation from 18
1s conducted back to the nearest border region of 17, to all parts
of area, 18 itself, and to all parts of the contralateral 18, of area
19 (lying anterior to 18), and of area 20 (in the lower part of
the temporal lobe)

The diffusity of conduction from area 17 is illustrated by the
diagram of figure 7 Cells lymng in the same part of 17 may
conduct to different pomts 1n 18 The cells in 18, thus shmu-
lated, also lead to pomnts i 18 itself which are widely separated,
to any part of the ipsilateral areas 19 and 20, and, through one
synapse, to any part of the contralateral 19 and 20. Conversely,
cells lying sn different parts of 17 or 18 may have connections
with the same pomt i 18 or 20

Thus there 1s convergence as well as spread of excitation. The
second pomt illustrated by figure 7 1s a selective action in 18,
depending on the convergence of fibers from 17. In the figure,
F and G are two cells in arez 18 connecting the same macro-
scopic areas. F, however, 1s one that happens to be exposed to
excitations from both A and B (two different regions 1n area
17). When an area-17 excitation includes both A and B, F 15
much more likely to be fired than G The figure does not show
the short, closed, multiple chams which are found m all parts
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of the cortex and whose facilitating activity would often make
it possible for a single fiber from B to fire G But the same
sort of local bombardment would also aid in firing F, and the
cell which receives excitations from two arez-17 fibers simul-
taneously would be more hkely to fire than that which receives
excitation from only one

Areal8  \ Are219 \

Figure 7 Mlustrating convergence of cells in Brodmann's area 17 upon
cells mm area 18, these cells o turn leading to other areas A, B, C, three
grossly distinct regions in area 17, D, E, F, G, H, cells in area 18 See text

On the other hand, when B and C (instead of A and B) are
excited simultaneously, G would be more hkely to fire than F
Any specific region of activity m area 17 would tend to excite
specific cells m area 18 which would tend not to be fired by the
excitation of another region m 17. These specific cells n 18
would be diffusely arranged, as far as we know at random
They would be usually at some distance from one another and
would always be intermngled with others which are not fired
by the same afferent stimulation, but because of their lasting
structural connections would tend always to be selectively ex-
cited, m the same combmation, whenever the same excitation
recurs m area 17 This of course would apply also mn areas 19
and 20 Since a single pomt m 18 fires to many pomts through-
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out 19 and 20, excitation of any large number of area-18 cells
means that convergence in 19 and 20 must be expected How
often 1t would happen 1s a statistical question, which will be
deferred to a later sechon.

The tissues made active beyond area 17, by two different
visual stunuli, would thus be (1) grossly the same, (2) histo-
logically distinct, A difference of stmulating pattern would
not mean any gross difference mn the part of the bran which
mediates perception (except in the afferent structures up to and
mcluding area 17, the visual cortex). Even a completely um-
lateral activity, it should be noted, would have diffuse effects
throughout areas 18, 19, and 20 not only on one side of the bramn
but on both. At the same time, a difference of locus or pattern
of shmulation would mean a difference 1n the particular cells in
these areas that are consistently or maximally fired.

MODE OF PERCEPTUAL INTEGRATION THE
CELL-ASSEMBLY

In the last chapter 1t was shown that there are important
properties of perception which cannot be ascribed to events
area 17, and that these are properties which seem parhcularly
dependent on learning, That “identity” 15 not due to what hap-
pens m 17 1s strongly imphed by the distortions that occur m
the projection of a retinal excitation to the cortex. When the
facts of hemanopic completion are also considered, the conclu-
sion appears mnescapable Perception must depend on other
structures besides area 17

But we now find, at the level of area 18 and beyond, that all
topographical orgamization in the visual process seems to have
disappeared All that 1s left is activity in an uregular arrange-
ment of cells, which are intertangled with others that have noth-
mg to do with the perception of the moment We know of
course that perception of sumple objects 1s umified and determi-
nate, a well-orgamized process. What basis can be found for an
integration of action, 1n cells that are anatommcally so disor-
ganized?

An answer to this question 15 provided by the structural
change at the synapse which has been assumed to take place in
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learning. The answer 15 not simple, perceptual integration
would not be accomplished directly, but cnly as a slow devel-
opment, and, for the purposes of exposition, at least, would in-
volve several distinct stages, with the first of which we shall
now be concerned. .

The general 1dea 15 an old one, that any two cells or systems
of cells that are repeatedly achive at the same time will tend to
become “associated,” so that activity m one facthtates activity 1n
the other The details of speculation that follow are intended
to show how this old idea might be put to work again, with the
equally old idea of a lowered synaptic “resistance,” under the
eye of a different neurophysiology from that which engendered
them, (It 15 perhaps worth while to note that the two 1deas
have most often been combined only m the special case
which one cell 1s associated with another, of a higher level or
order 1n transmmssion, which it fires, what I am proposing 1s a
possible basis of association of two afferent fibers of the same
order—m principle, a sensori-sensory association,® m addition to
the Linear association of condihomng theory )

The proposal 15 most simply illustrated by cells A, B, and C
in figure 8 A and B, visual-area cells, are simultaneously ac-
tive The cell A synapses, of course, with a large number of
cells in 18, and C 1s supposed to be one that happens to lead
back into 17. Cells such as C would be those that produce the
local wedge-shaped area of finng m 17 when a pomt mn 18 1s
strychnmzed (von Bomin, Garol, and McCulloch, 1942) The
cells m the region of 17 to which C leads are bemg fired by the
same massive sensory excitation that fires A, and C would almost
necessanly make contact with some cell B that also fires into 18,
or commumicate with B at one step removed, through a short-
axon circuit. With repetition of the same massive excitation n
17 the same firing relations would recur and, accordmg to the
assumption made, growth changes would take place at synapses
AC and CB This means that A and B, both afferent neurons

* It should be observed, however, that some theonsts have contunued to
mamntain that “5-§8” (sensori-sensory) associations are formed in the learn-
g process, and have provided experimental evidence that seems to estab-
hsh the fact. See, eg, Brogden, J Exp Psychol., 1947, 37, 527-539, and
earlier papers ated therein
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of the same order, would no longer act mdependently of each
other.

At the same time, n the condihons of stmulation that are
diagrammed in figure 8, A would also be likely to synapse (di-
rectly, or vz a short closed link) with a cell D which leads
back mto an unexcited part of 17, and there synapses with still

Ficure 8 Ficvme 9

Fioune 8 Cells A and B he 1 a region of area 17 (shown by hatching)

which 15 massively excited by an afferent shmulation € 13 a cell m area

18 which leads back into 17 E is in area 17 but hes outside the region of
activity See text.

Ficure 9 A, B, and C are cells i area 18 which are excited by converging

fibers (not shown) leading from a specific pattern of activity in area 17.

D, E, and X are, gmong the mdny cells with whick A, B, and C have con-

nections, ones which would contribute to an mntegration of therr activity.
See text.

another cell E of the same order as A and B The synapse DE,
however, would be unbkely o be traversed, since it 15 not like
CB exposed to concentrated afferent bombardment, Upon fre-
quent repetihon of the particular excitation mn area 17, a func-
tional relationship of activity m A and B would increase much
more than & relattonship of A to E.

The same considerations can be applied to the activity of the
enormous number of individual cells 1o 18, 19, and 20 that are
smultaneously aroused by an extensive actvity in 17. Here, 1t
should be observed, the evidence of nenronography imphes that
there are anatomical connections of every pomt with every other
point, withm a few millimeters, and that there 15 no orderly az-
rangement of the cells concerned.
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Figure 9 diagrams three cells, A, B, and C, that are effechvely
fired 1n 18 by a particular visual shmulation, frequently repeated
(by fixation, for example, on some pomnt m a constant distant
environment), D, E, and X represent possible connections
which mught be found between such cells, directly or with mn-
tervening hoks. Supposing that Hme relatons m the firng of
these cells make 1t possible, actvity m A would contribute to
the firing of E, and that in B to finng C and D Growth changes
at the synapses AE, BG, BD, and so on, would be a begioning
of mtegration and would mcrease the probability of coardinated
activity n each pair of neurons.

The fundamental meaning of the assumption of growth at the
synapse 15 i the effect this would have on the timmg of action
by the efferent cell The mcreased area of contact means that
firng by the efferent cell 15 more likely to follow the lead of the
afferent cell. A fiber of order n thus gams mereased control
over a fiber n 4 1, makmg the finng of n -} 1 more predictable
or determinate The control eannot be absolute, but “optional”
(Lorente de N6, 1939), and depends also on other events in the
system In the present case, however, the massive exatation in
17 would tend to establish constant conditions throughout the
system during the brief penod of a single visual fixabon, and
the postulated synaptic changes would also mcrease the degree
of this constancy A would acquire an increasmg control of
E, and E, with each repetthon of the visual shmulus, would fire
more consistently at the same time that B 1s finng (B, 1t will be re-
called, 1s directly controlled by the area-17 action) Synaptic
changes EB would therefore result. Smmilarly, B acquires an
mcreasing control of D, and whenever a cell such as D happens
to be one that connects agam with B, through X, a closed cycle
{BDXB) 1s set up.

It 15, however, misleading to put emphasnis on the comcidences
necessary for the occurrence of such a simple closed circust.
Instead of a nng or hoop, the best analogy to the sort of struc-
ture which would be set up or “assembled” 1s a closed sohd
cage-work, or three-dimensional lathice, with no regular struc-
ture, and with connechons possible from any one mtersection to
any other Let me say explhcitly, agamn, that the specificty of
such an assembly of cells in 18 or 20, to a particular excitation
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in 17, depends on convergences Whenever two cells, drectly
or mdirectly controlled by that excitabon, converge on another
cell (as E and X converge on B m figure 9) the essental con-
dibon of the present schematizing 1s fulfilled, the two converg-
mg cells need not have any simple anatornical or physiological
relation to one another, and physi-
ological imtegration would not be
supposed to consist of mndependent
closed chains 12 13
This has an important conse-

quence. Lorente de N6 (1938b) J'
has put stress on the fact that ac- L4 5,9
tivity m a short closed crcuit must
be rapidly extingmshed, and could an (21

hardly persist as long as a hun- 8
dredth of a second It 1s hard, on

6,10

the other hand, to see how a long,
many-linked cham, capable of
longer reverberaton, would get
established as a functional umt.
But look now at figure 10, which
diagrams a different sort of poss:-
biity Arrows represent not neu-
rons, but multple pathways, of
whatever complenty 1s necessary
so that each arrow stands for a

715

Fioure 10 Arrows represent a
sunple “assembly”™ of neural
pathways or open mulbple
chains finng according to the
numbers on each (the pathway
“1, 4” fires first and fourth, and
so on), illustrating the possibil-
ity of an “alternating” rever-
beraton which would not ex-
tinguish as readily as that m a

simple closed ecwrcwt.
funchional umt These umits fire 1n

the order 1, 2,8, -- 15 The pathway labeled (1, 4) 1s the first
to fire, and also the fourth, (2, 14) fires second and fourteenth,
and so on The achvity 1-2-3-4 15 m a relatively simple closed
ciremt. At this pomt the next umt (2, 14) may be refractory,
which would effectively extingwish reverberation m that sumple
circmit.  But at this point, also, another pathway (5, 9) may be
excitable and permit actvity 1n the larger system to continue 1
some way as that suggested by the numbers i the figure. The
sort of wregular three-dimensional net which might be the ana-
tomical basis of perceptual integration i the association areas
would be mfimtely more complex than anything one could show
with a diagram and would provide a large number of the mult-
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ple parallel (or alternate) umts which are suggested by figure
10, If so, an indefimte reverberation in the structure might be
possible, so long es the background activity 1n other cells n the
same gross region remamned the same It would not of course
remain the same for jong, especially with changes of visual fixa-
tion, but such considerations make it possible to conceive of
“alternatmg™ reverberatton whick mught frequently last for
periods of tme as great as falf a second or & second.

{What I have i muind, in emphasizing half a second or so as
the duration of a reverberatory activity, 1s the observed dura-
tion of a single content 1 perception [Pillsbury, 1913, Barmg,
1933]. Attention wanders, and the best eshmate one can make
of the duration of a single “conscrous content” 15 of this time-
order.)

This then is the cell-assembly. Some of its characteristics
have been defined only by imphcation, and these are to be de-
veloped elsewhere, parbcularly in the remamnder of thus chapter,
in the following chapter, and m Chapter 8 (see pp. 195-7T). The
assembly is thought of as a system mherently mvolving some
equipotentiality, m the presence of alternate pathways each
having the same function, so that brain damage might remove
some pathways without preventng the system from functioning,
particularly if the system has been long estabhished, with well-
developed synaptic knobs which decrease the number of fibers
that must be active at once fo traverse a synapse.

STATISTICAL CONSIDERATIONS

It must have appeared to the reader who exammed figures
8 and 9 qarefully that there was something unlkely about s
being arranged at the Creafion to have such neat cornections
exactly where they were most needed for my hypothesis of per-
ceptual ntegration 'The enswer of course 15 statistical the
neurons diagrammed were those whnch happen to have such
connections, and, given a large enough population of connecting,
fibers distributed at random, the improbable connection must
become quite frequent, m absolute numbers. The nrext task is
to assess the stahstical element in these calculations, and show
that probability 15 not stretched too far.
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The dragrems and discussion of the preceding section require
the frequent existence of two lands of comeidence (1) syn-
chromzation of finng mn two or mare convergwng axons, and (2)
the anatomical fact of convergence in fibers which are, so far
as we know, arranged at random The necessity of these com-
adences sets a imit to postulating functional connections ad hb.
as the basis of integration But this 1s not really a difficulty,
since the psychological evidence (as we shall see) also mmphes
that there are limits to perceptual mtegration

Consider first the enormous frequency and complexity of the
actual neural connections that have been demonstrated histo-
logically and physiologically. One 1s apt to think of the neural
cell as having perhaps two or three or balf a dozen connections
with other cells, and as leading from one mmnute pomnt m the
central nervous system to one other minute pomt. This unpres-
ston 1s far from the truth and no doubt is due to the difficuity
of representing the true state of affawrs 1n a printed drawmng.

Forbes (1939) menhons for example an estimate of 1300
synaphic knobs on & single antenor homn cell. Lorente de Né's
drawings (1943, fipures 71-73, 75) show a complexity, m the
ramification of axon and dendnte, that ssmply has no relation
whatever to diagrams (such as mimne) showmng a cell with one
or two connections The gross extent of the volume of cortex
mfltrated by the collaterals of the axon of a smngle neuron 15
measured 1n millimeters, not 12 mcrons, 1t certamly 15 not a
single point, microscopic in size In arep 18, the strychomne
method demonstrates that each tmy area of cortex has connec-
tious with the whole region, (These areas are about as small
as 1 sq mm, according to McCulloch, 1944b ) It puts no great
stramn on probabilibes to suppose that there would be, m area
18, some anatomical cannection of any one cell, excited by a
particular visual shmulation, with g number of athers excited m
the same way.

There is, therefore, the anatomical basis of a great number of
convergences among the multitude of cortical cells directly or
mdirectly excited by any massive retmal achvity. This 15 to be
kept in mind as one approaches the physiological question of
synchromzation 1n the converging fibers. In the trnidimensionsl,
lattice-hike assembly of cells that I have snpposed to be the basis
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of perceptual integration, those mterconnecting neurons which
synapse with the same cell would be functionally m parallel
Figure 10 Mlustrates thns  The pathways labeled (1, 4), (8),
and (18), converging on one synapse, must have the same func-
tion 1n the system, or the two-link pathway (5, 9)-(6, 10) the
same funchon as the single hink (2, 14}). When impulses i one
such path are not effective, those in another, arrving at a dif-
ferent time, could be.

Once more, the oversimplification of such diagrams is hughly
musleading At each synapse there must be a considerable dis-
persion m the time of arrival of impulses, and 1n each mdividual
fiber a constant vaniation of responsiveness, and one could never
predicate a determinate pattern of action m any small segment
of the system In the larger system, however, a statistical con-
stancy might be quite predictable

It 15 not necessary, and mnot possible, to define the cell-
assembly underlymg a perception as bemg made up of neurons
all of which are active when the proper visuel shmulation oc-
curs One can suppose that there would always be activity m
some of the group of elements which are m functional parallel
(they are not of course geometrically parallel) When for
example excitation can be conducted to a parhcular pomnt m the
system from five ddferent directions, the activity characterishe
of the system as a whole mght be mamntamed by excitation m
any three of the five pathways, and no one fiber would have to
be synchromzed with any other one fiber.

There would still be some necessity of synchronization, and
this has another aspect. In the mtegrabon which has been
hypothesized, depending on the development of synaptic knobs
and an mereasing probability of control by afferent over efferent
fibers, there would necessanly be a gradual change of the fre-
quency charactenishics of the system ‘The consequence would
be a sort of frachonation and recruitment, and some change m
the neurons makmg up the system ‘That 1s, some umits, capable
at first of synchromzmg with others n the system, would no
longer he able to do so and would drop cut “fractionation®
Others, at first incompatible, would be recruited. With per-
ceptual development there would thus be a slow growth w the
assembly, understandmmg by “growth” not necessarily an mcrease
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in the number of consttuent cells, but a change. How great
the change would be there 15 no way of teling, but i1t 1s a
change that may have mmportance for psychological problems
when some of the phenomena of association are considered.

This then 1s the statistical approach to the problem It 1s
directly mmphed that an “association” of two cells m the.same
region, or of two systems of cells, would vary, m the probabihty
of its occurrence, over a wide range If one chose such pairs
at random one would find some between which no association
was possible, some m which association was promptly and easily
established when the two were smultaneously active, and a
large proportion making up a gradaton from one of these ex-
tremes to the other The larger the system with a determmate
general pattern of action, the more readily an association could
be formed with another system On a statistical basis, the more
pomts at which a chance anatomical convergence could occur,
the greater the frequency of effective interfacilitation between
the two assembhes,

Psychologically, these ideas mean (1) that there 15 & pro-
longed period of mtegration of the mndividual perception, apart
from associating the perception with anything else, (2) that an
association between two perceptions 1s likely to be possible only
after each one has independently been orgamzed, or mntegrated,
{3) that, even between two mteprated perceptions, there may
be a considerable vanation m the ease with which association
can occur [Fmally, (4) the apparent necessity of supposing
that there would be a “growth,” or fractionation and recruit-
ment, m the cell-assembly underlymmg perception means that
there might be significant differences in the properties of per-
ception at different stages of integration One cannot guess
how great the changes of growth would be, but it 15 conceiv-
able, even probable, that if one knew where to look for the evi-
dence one would find marked differences of identity 1n the per-
ceptions of cluld and adult

The psychological mphcations of my schematzing, as far as
it has gone, have been made explicit in order to show brnefly
that they are not contrary to fact We are not used to thinkmg
of a simple perception as slowly and pamfully learned, as the
present chapter would suggest, but 1t has already been seen, 1=
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the discussion of the vision of the congemtally blind after opera-
tion, that it actually 15 The slowness of learning, and the fre-
quent mstances of total failure to learn at all m perods as
great as a year following operation (Senden, 1932), are extraor-
dinary and imncredible (if 1t were not for the full confirmation by
Riesen, 1947). The prmciples of legrning to be found in psy-
chological textbooks are derived from the behavior of the half-
grown or adult ammmal. Our ideas as to the readness with
which association is set up apply to the behavior of the devel-
oped orgamsm, as Boring (1946) has noted, there 1s no evidence
whatever to show that a similarly prompt assocration of separate
perceptions can occur ‘at birth—that 1t 1s independent of a slow
process in which the perceptions to be assaciated must first be
integrated

As to the wide range m difficulty of associating two 1deas or
perceptions, even for the adult, this 1s psychologically a matter
of common expenience Who has not had trouble remembering,
m spite of repeated efforts, the spelling or pronunciation of some
word, or the name of some acquamtance? The fact of the un-
equal difficulty of associations 15 not stressed m the literature,
probably because 1t does not fit into conditioned-reflex theory,
but it 1s a fact My speculations concerming the nature of the
trace and the abonginal development of perception thus are
not obviously opposed to the psychological evidence. Further
evaluation can be postponed until the speculations have been
fully developed.
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D. Perception of a Complex:
The Phase Sequence

The reader will remember that what we arc aiming at here is
the solution of a psychological problem To get psychological
theory out of a difficult impasse, one must find a way of recon-
aling three things without recourse to ammism. perceptual
generalization, the stabihity of memory, and the mstabilitres of
attention  As neurophysiology, this and the preceding chapter
go beyond the bounds of useful speculation They make too
many steps of inference without experimental check. As psy-
chology, they are part of a preparation for expeniment, a search
for order in a body of phenomena about which our 1deas aro
confused and contradictory, and the psychological evidence does
provide some check on the mferences made here

Although this discussion 12 not anchored with sufficient neu-
rophysiological evidence, 1t still has a compass It 15 gmded
throughout by the necessity of conformmng to the concrete ew:-
dence of behavior, and any virtue it may have derives from
coordinating the two sources of mformation The details of
these two chapters, speculatve as they are, have to be giwven
for two reasons,

Furst, competent psychologists have asserted that field or con-
fguration theory 1s the only concewvable solution of the prob.-
lems of behavior. The argument 15 stronger when a physiolo-
gist such as Sherrmgton (1941), without benefit of field theory,
can find no possible way of reducing “mind”~which must be the
control of behavior—to neural action, The argument 15 even
strengthened by the vagueness of Hull's treatment of percep.
tion “afferent neural nterachon” and generahzation gradients
have the smell of brimstone about them and, when they are

70 i
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made specific, in neurological terms, may turn out to be only a
new form of field theory (just as Pavlov’s waves of mhibshon
and excitation, are field theory). Improbable as Kohler’s theory
of electrical fields may be, hard as 1t may be to reconcile Lash- _
ley’s theory of interference patterns with the anatomical and
clinical evidence, these witers stll haye a powerful argument
for holding psychology to what I believe is a blind alley, so long
as it remams bme that an alternative explanaton cannot be
elaborated in enough detail to be conceivably an account of real
processes.

So one must speculate. But there is a second reason for the
form of the discussion m these two chapters In speculating,
one can at least be specific enough so that, when further ana-
tomical and physiological wnformahon is made avadable to the
psychologist, the errors of earlier speculation such as this wAll
be apparent at once, and the necessary changes clearly indi-
cated.

In this chapter, accordingly, the new foundation for assoeia-
tion theory 1s to be completed The preceding chapter dealt
only with the effects of a single visual simulus, with a constant
retinal projecion We can next ask how the several effects of
a vanable shmulation may be combined, or associated.

LINES AND ANGLES IN PERCEPTION

It has already appeared that the cormers of a rectilinear figure
are of special importance mn first vision. The first crude per-
ception of an object m the visual Beld as distinctive, as having
identsty, seems to be related to the sharp mnflechon of contours
and the direction of hne. Senden describes the congenitally
blind patient, after operation, as frequently not bemng able to
distmguish {{or example) square from circle, but when the dis-
tinction 15 made, 1t is through a search for corners, apparently
as foct mn an otherwise amorphous mass of hght There 1s also
endence of an immediate dishnchion between narrow strips of
hght, when one 15 vertical and one horzontal n the visual field
Here agam the percephion of identity i such objects 1s defec-
tive, smce the patient 15 extremely slow to learn names for the
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two visual patterns, although he can name horizontal and ver-
tical at once by touch

From Lashley’s expeniments, it 18 also evident that line and
angle dominate the rat’s perception of patterns. We may there-
fore consider that these things are among the elements from
which more complex perceptions develop. “Perceptual element”
15 meant to contrast sharply with the punctate sensory elements
of classical association theory, on the one hand, and, on the
other, the term does not imply that the perception of hne and
angle 15 fully mnate There 13 a prolonged learnmg period be-
fore these “elements” are promptly and clearly perceived, erther
by rat or man,

The evidence on this pomt concerning man 1s to be found
Senden’s (1932) compilation and has been cited earher, some
evidence follows which indicates that the rat also has to leamn
to see hines distinctively,

Eighteen rats reared in complete darkness (Hebb, 1937a)
were traned, following Lashley’s procedure exactly, to discrim-
nate horizontal from vertical lmes The only comparable data
for normal ammals are from Lashley (1938b), who gives a mean
of 21 trals for normal learming of this discrimmnabion  The mean
number of trials for the rats reared in darkness was 129, six
times as great, with a range from 40 to 190 These anumals had
been tramed first to jump to an open window, and then to dis-
cimmate black and white cards (as were Lashley’s anmals)
before bemng tramned with the horizontal and vertical striations
In subsequeént tests they behaved like normal animals, showing
that the slow ongmal learning with stnations was not due to
structural defects.

It 1s %o be observed, in this experiment, that the range of
learning scores overlapped the normal range, Some ammals
reared in darkness learned as quickly as some normally reared.
Also, m preliminary expermments, two animals showed a prompt
but not completely consistent discrirmmnation of horizontal and
vertical lime. These facts ﬁt with Senden’s, for human subjects,
very closely, they indicate that both rat and man have a e:rude
mmediate perception of a difference betye® oo
vertical, but that the identity of thes#%
mnproved with expernence.
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It may not be necessary to seek far for a physiological under-
standing of the primitive sigmficance of lne and the sharp in-
flection of hne. In therr shmulating statistical approach to the
problem of visual acusty, Marshall and Talbot (1842) have dis-
cussed a mechanism of summation at the borders of the projec-
tion of a visual excitation i area 17 In the absence of other
influence, the heightened activity corresponding to the margmn
of a figure might dommate the total process Walker and
Weaver (1940) have shown a direct control of eyemovement by
peripheral shmulation of the visual cortex, The movement 15 in
such a direction that the light source which produced such a
peripheral activity would be fixated. In view of Walker and
Weaver's work, Marshall and Talbot’s discussion suggests that
there would be a tendency to fixate, successively, various parts
of the contour of an object Also, with the mtersection of lines
there may be a further summation of the border effects, so that
the foci of greatest activity aroused by a pattern m the visual
field would correspond to its corners

It is important to observe that the figure made up of straight
lines, instead of uregular curves, has special physiological prop-
erties. When one pomnt of a straight line 15 fixated, every pomt
to one side of the fixahon tends to arcuse exactly the same di-
rection of eyemovement, and every point 1n the line on the other
side exactly the opposite direchon. At times the two vectors
may balance, but often they will not. It follows that there is
a strong tendency for the eye to make a sweep along the line,
n one direction or the other, and, as the sweep 1s made, at the
moment when a corner 1s reached the stimulation of the mnter-
secting line 15 at the maximum, since at this moment every pomt
m the second lme has the same vector, for a new direction of
eyemovement, It appears from these considerations that the eye
would tend to seek out the contours of a figure and follow them—
rregularly, and with reversals, it 1s true, and subject to disturb-
ance by other events, but it seems that such a tendency must
exist.

It 15 also mmportant to note that every movement of the eye
in a single direction, for whatever reason, stmulates a “ndge”
of actvity 1n area 17 correspondmg to the projection of a straight
line, wherever the visual field contamns 2 pomt of hght. Except
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mn the specal case of a field consisting of umiform parallel stria-
tions, every change of fixation from one pomt to another means
that rows of cells in area 17 are excited together or left unexeited
together, From the assumptions of the preceding chapter, the
first visual learning would to a great extent be the integration
of the effects, mn the peristnate region, of the action of such rows
of cells in the stnate region This 1s a further emphasis on the
mnportance of straight lines 1 perception, and, as I have argued
{mn Chapter 3), makes 1t possible to assume, from such a con-
stant and extended traiming, that the charactenstics of adult
tachustoscopic vision may be accounted for by a learning process.

Lmes and angles, then, can be treated as perceptual elements,
not fully mnate in perception, but partly so, and likely to be
learned before more complex patterns are A very mcomplete
analogy will serve here as 2 mnemonc device, to help keep mn
mind the different processes that enter into perceptual learning,
If line and angle are the bricks from which form perceptions
are built, the primtive umty of the figure might be regarded as
mortar, and eyemovement as the hand of the builder The
analogy 15 poor because the bricks contan mortar, they grow
while they are bemg used, and the house may change beyond
recognition as 1t 15 bemng built Nevertheless, two things must
be kept in mind  First, the prmmitive figure-ground relationship
stressed by the Gestalt psychologists remams of fundamental
mportance even though one recognizes that it 15 not the be-all
and end-all of perception. Secondly, one may agree with Lash-
ley and the Gestalt psychologists that motor activity in itself
cannot possibly explain the organization of percephon and never-
theless recognize that it has an essential role, Bricks alone are
not enough for building, nor yet 1s mortar.

A tnangle then 1s a complex entity 1 perception, not pnmi-
tive As a whole, 1t becomes distnctive and recognizable only
after a prolonged learming period 1 which there 15 a good deal
of receptor adjustment—head-and-eye movement—as the psycho-
logacal evidence of Chapter 2 showed From the pomnt of view
we have now armmived at, the difficulty of explaming the expen-
mental facts of pattern equivalence has been greatly reduced.
Similar tnangles of unequal size, a sohd and an outhne triangle,
even a solid plan triangle and one circumscnbed wath a circle
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(Lashley, 19385) contam a number of identical elements~Imes
and angles with the same orientation. (For some readers, “iden-
tical elements” will be an mvitation to battle let me say again
that these are not the sensory elements of the classical dispute )
It 1s of course still necessary to show how these elements, the
parts of the figure, are mtegrated mn perception. This I shall try
to do next, taking an example that 15 as sunple as possible. The
present schema of perception and perceptual learning deals only
with the case in which changes of visual fixation and some loco-
motion occur freely The problem 1s to show how the variable
stimulation which results from such movements can have a
single effect, the perception of a single, determinate pattern

MOVEMENTS DURING PERCEPTUAL INTEGRATION

In the percephion of a triangle, there are three nodal pomts 1n
the pattern on which fixation would be made repeatedly A
smgle fixation pomt was assumed m discussing perceptual mte-
gration i the last chapter Let us next try to elaborate the
schema to provide explicitly for movement of the eyes, and for
those movements of the whole ammal that produce vanations in
the size of the retinal projection of the stmulating pattern

The account of neural mtegration now needs to be elaborated
m three respects (1) The activity in the peristmate, temporal,
and other association areas of the cortex, that is aroused by
fixation on any one of the three comers of the tnangle ABC
(fgure 11), 1s always accompamed by motor processes which
control the changes of fixation to the other corners (2} Because
of these changes, the mtegration of activity mn area 18 and be-
yond occurs without constant conditions of excitation m area 17,
when for example B 1s fixated, which cells will be excited sn 18
is determmed mn part by the preceding activity m 18, and thus
vantes according to whether the precedmg fixahon was on A or
on C (8) Fmally, each of the three retinal patterns produced
by fixation on the corners of the tnangle 1s itself variable, with
different distances of the ammal from the stimulus object

To show as simply as possible what these three pomnts nvoive,
suppose now that an ammal sees a tnangle repeatedly, having
had no previous visual expenience and having no other stimula-
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fon at the same Hme. Disregard any changes of background
activity in the bram, apart from those induced by the changes
of fixatton mentioned, and, as a final simphfication, treat the
three angles A, B, and C of figure 11 as the only perceptual ele-
ments mvolved: that 15, disregard fixahon on the sides of the
trangle, and the perception of the lnes as distinctive entities
The three changes to be made
in the schema now can be dealt c
with ore by one.

1 Fust, the concomitant mo-
tor exatabon with fixation on
A, as represented in figure 11, /
B and C falling outside the mac-
ular field, the perpherai stmu- A 8
lation of B and C excites two /
motor responses sunultaneously.
The excrtation may of course be
sublunmnal, parbcularly at the Fiune 11 ~The triangle ABC is

seen with xaton on the point A
first moment of fixabon on A, The Jar field is ted by

since a fixatton often endures for 4, hatched circle, so that the
an appreciable ttme The rela- pomts B and C fall m penpheral

tive strengths of the motor com- Vision nd‘“h"’ engthwmmofm:t the t
. and s eyemovemen
ponents of the excitation aroused | .. o " by the stmula-

by B and C can beé supposed to tion from B end C

be the same, statistically, as

shown by the vectors (the length of the arrows) m the figure
At any one moment, variations of excitability would make one
dominant over the other, but one can suppose that on the aver-
age they are equal. Looking at A would be followed by looking
at B about as often as C.

In the normal adult anmmal, at least, the control of the direc-
tion and extent of eyemovement 1s accurate within quite narrow
hmits and does not work through a series of gross approxima-
tions, This means that the neural achwity leading to the motor
centers, before an eyemovement begms, is determwate, and
specific to the locus of the penpberal stmulus, Fixation on A,
then, has two effects- cno “central” (1 e, the arousal of speafic
cells 1n the penstriate and temporal regions, without a direct
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motor significance), and one primarily motor (1 e, the arousal
of specific fibers m a pathway that 15 not known but which
origmates i the visual cortex and which presumably mvolves
the frontal eyeficlds [Clark and Lashley, 1947])

These two effects, central and motor, correspond roughly to
a dichotomy of the iotal excitation n avea 37 The ceniral
effects are mamly determmed by the part of the excitation fall-
ing m the macular zone, where acuity 1s greatest and the motor
components least, the motor effects, by the penipheral part of thegy
excitation, where acuity 1s poor, the ratio of cortical cells to de-
grees of visual angle least, and the motor limen lowest (Walker
and Weaver, 1940).

If the cells mn area 18 and beyond which are aroused by fixa-
tion on A are desiguated by the letter g, the composition of g
1s determmed by the whole triangle, but the angle A has a dus-
proportionately great mfluence because it falls in the field of
central visson Milhmeter for mllimeter, the part of the tnangle
which falls on the macula exaites more cortical cells Thus the
main determinant of the central effect of fixating A 15 the angle
A 1tself, rather than B or C We shall also find that this nflu-
ence of A m orgamzing the neural structure 2 must be further
increased if the triangle 1s seen at a vanable distance, but 1t 1s
mmportant to remember that g is defined ongmally as made up
of the cells in the association areas of the cortex that are ach-
vated, not by A alone, but by the whole tnangle when fixation 1s
on A

In the same notahon, b and ¢ are aroused by fixaton on B
and C The distmction of g from b is a distinchion of the exci-
tations aroused with two retinal projections of the same figure
In bref, the angle A 1s the mam determmant of the structure a4,
but not the only one, while B and C, when A 15 fixated, are the
mam determmants of the subsequent motor response

As the ntegration of g, b, and ¢ proceeds, repeated fixation on
the three comners of the tnangle slowly establishes three diffuse,
rrregular cell-assemblies (Chapter 4), each of which 1s capable
of acting momentarily as a closed system. As this goes on, the
activity of each structure would at all stages of its development
be accompanied by two specific motor excitations Achwity 1nt a
occurs m the constant presence of a liminal or subliminal exci-
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tation tendmng to move the eyes to the nght (fixatmg B, figure
11) or upwards and to the nght (Exating C} From the assump-
tions of the preceding chapter, this means some mutual facilita-
tion between a¢-and the motor activity m queston Psycho-
logically, 1n the particular limited condihions of the schema, per-
ception of the triangle with fixahon at one corner would mmvolve
a set to look at one of the other two comers (facihtation by @
of the motor responses, strengthemng the motor faciitation from
B and C), and a sensorily aroused change of fixation from A
to B would produce an expectancy of seemng the triangle with
fixation at B (facihitation from the motor activity, arousing or
remforcimg activity i b).*

2. The second pomnt {on which the schema as it appeared

® That is, when the ammal looks at B after looking at A, the assembly b
18 excited in two ways centrally, by the faciliabion from g apnd from the
motor activity, and sensonly, by B itself In these circumstances, the two
facbitations would just about coincide m ime “Expectancy” Imphes that
the central facihtation definrtely precedes the sensory, so 1t would be better
to speak here of siiention {centrzl reinforcement of a sensory process)
But the same process is called expectancy when the sensory remnforcement
is delayed

The later chapters will conmder the interaction of sensory and central
facthtations, and the disturbing effect on behavior when they conflict or
when an expectancy fails to get sensory remnforcement In a thoroughly
farmihar environment, the two facihtations would be synchromzed, mainly
because of the motor links in the central “phase sequence™ discussed m the
following pages The facilitation of ¢ is equally on b and on ¢, s0 2 mght
arpuse either one But the cortical motor achwity that results in loclang
from A to B s specific to b, and the ammal will not “expect” to see the
pomnt C

None of these relationships can be so precise outside of this schema, but
the principles can hold Central and sensory processes will stay more or
less 1 synchrony in a famuliar environment, both because of the motor links
m the central sequence, and because the facilitation of a perception X will
not be specific to another particular perception ¥ unless X was vanably
followed by ¥ m past experiemce—the sight of an unsupported object, and
the sound of a crash But a sequence of visual sensations winch is no?
organized by one’s own eyemovements can be very distwrbing to behaviar,
as the occasional case of seasickness at the movies shows  Again, the sight
of a large body of calm water 15 not disturbmg in a strange landscape,
where one's expectancies are not specific, but would be very much so if i
followed a movement of the head and eyes toward a place where one had
always seen dry land These points are developed further in Chapter 7.
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the last chapter must be modified) has to do with an interfer-
ence between the suprasensory effects of fixation on different
pomnts i the shmulating pattern

It was proposed that the cells wiich are excited m area 18, by
the first visual sitmulation, are determmed by chance anatomical
convergences Those which are active when the angle A 15
looked at must, on a statistical basis, mclude some which are
active when B or C 1s locked at. The number of convergences
n common would also be mcreased by any overlap mn the retinal
projections of a fizure Consequently, when A and B, or B and
C, are looked at m close succession, there must be an imfluence
of the one activity, m the pernstriate region, on the next. When
B 13 looked at, some cells 1n 18 will be active if A was looked
at just before, but not if C was, others mhibited, or refractory,
following a look at A, In the early stages of the visual develop-
ment, there must be an interaction between a, b, and ¢, which
m this schema amounts to an mterference In the ordinary
course of perceptual learning, evidently, where the eyes are first
opened on the complications of an ordmary room without the
arbfimal hmits of the schema, the amount of mterference be-
tween the first perceptual activihes must be much greater,®
The imterference has to be fully recogmzed here if the schema
15 to have any theoretical value later,

Such an mterference, 1t seems, can occur only m the first
stages of perceptual development and would disappear later.
It 1s mportant to recogmze it, however, smce 1t affects the
course that integration takes In terms of the notation used
above, the organization of the structure @ (excited by fixation on
A) must proceed mamly 1n cell groups (effecthve units of trans-
mission) which are rehably excited whenever fixation 1s on A,
whether B or C, or neither, had been fixated just before. I have

* And the resultant gemeralization of perception will be greater also In
this schematizing, the conditions of visual learmng have been simplified to
an absurd degree, but the 1deas that emerge from it can be applied to be-
havior 1n more patural crrcumstances The mitial nterference between the
three pnmary visual habits epitormzes a relationship between a much larger
number of habits m real perceptual development The larger number of
habits means that each one will be more an ebstrachon, less & perception
of a particular angle {or hne) m a particular setting
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emphasized that there must be frachonahion and recruitment, or
growth, as the mdmidual closed cell-assembly becomes physio-
logically orgamized When the growth occurs 1n a variable back-
ground of visual sttmulation, those cells which are affected by
the variability would not be consistently active at each repeti-
tion of the specific shmulus which excites the assembly, and
therefore would not be part of t In other words, as growth
proceeds 1 4, b, and ¢, frachonation would elimmate elements
that are active only when a certam fixation has preceded, and
those which are mactive followmng any particular fixation Ac-
tivity m & can therefore occur independently of b or ¢, once the
mtegration of these assemblies 15 complete

In general terms, what has just been discussed is the case in
which sensory events recur mn random order m a short time
mterval, as one must suppose visual fixations to do  The alterna-
tive 15 a fixed sequence of sensory events, which of course also
happens in normal perceptual development The difference be-
tween the two cases 15 mstructive

Usmg the same notation, let us consider for a moment what
would be the result of looking at A, B, and C always m the same
order (A 1s now a “signal” for B, and B for C, but this 1s not
an analogue of the conditioned reflex, 1n the hypothetical con-
ditions of the schema, B occurs only followmg A, 1 the classical
conditioning procedure, B 15 an event such as feedmg which
follows A, the conditioned shmulus, but which also occurs at
other ttmes ) With a fixed order of stimulation, activity i the
assembly b occurs always m the same setting, the after-effects
of activity m g4 The structure b therefore would mclude
transmission units whose actvity 1s especially facilttated by a,
whereas, when stimulation occurs at random, & must be made
up of umts that are mdependent of the preceding activity.
Also, when actvity m a4, b, and ¢ occurs always 1 that order,
no reverberation m ¢ can be expected to coexist and be mde-
pendent of achvity in b, but must fuse with it. Any reverbera-
tory after-effects which are not extinguished by the changed
sensory influx are constantly present during the physiological
mtegration of b and could not be distnet from it

When fixation is at random among A, B, and G, however, we
have seen that fractionation would tend from the first to keep
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the structures g, b, and ¢ distinct, and make activity in b pos-
sible without preceding facilitation from @ This leaves the pos-
sibility that the three assemblies, once mtegrated, could stll
develop the mterfacilitation that 1s discussed below, while the
three are mdependent 1 the. sense that one can be active apart
from another, or that two may be active at the same time

8 The third pomt, on which the schema as 1t was developed
m the last chapter 1s to be elaborated, concerns the effect of a
variable distance of the ammal from the stimulus object The
result must be an mncreased importance of the part of the pat-
tern which falls m the field of central wision.

When an amimal looks at any part of a rectilinear pattem
while moving toward i, the excitation aroused by the part
looked at, falling in central vision, remamms constant The rest
of the excitation, m the peripheral field, vanes steadily If the
pomt of fixation 1s, say, the mudpomt of one of the sides of the
figure, the locus of the retinal projecthon of that hine does not
change, except to be extended at each end If an angle of a
tnangle 1s fixated, as mn figure 11, the projection of two lmes
and their mtersection 1n the macula 1s unchanged as the animal
moves closer to the figure, the third hine, and the two remammg
intersections, move farther and farther toward the penphery of
the visual field

The rat in the Lashley jumpmg stand, learning to diserimimate
& square from a triangle, does not see the figures at a constant
distance The retmal angular extent might vary by 50 per cent
The vanability 15 very much greater m a Yerkes box, where the
ammal runs toward, or may back away from, a door on which
the stmulus figure 1s placed Now, using the same notation, 1n
the composition of the assembly @ (the orgamzed structure n
the association areas of the bram which 1s aroused by looking
at the pomt A m figure 11}, the influence of the angle A, rela-
tive to B and C, becomes even greater The two lines and their
intersection, fixated at a vanable distance, have a constant effect,
the other two intersections have a vanable effect and do not
repeatedly excite the same cells m area 18 In the growth of
g, b, and ¢, frachonation would eliminate most of the cells
whose excitation 18 due to the extramacular part of the figure
This excitation would of course always coexist with the achwity
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of the orgamzed assembhes, but 1t would remamn unorganized
The orgamzed activity would have to be determmed by the
macular excitation, which, with appropriate fixation, i3 constant
despite a varwable angular size of the stimulus object This con-
clusien 1s clearly significant mn understanding stmulus equiva-
lence, as demonstrated by a rat’s choice of a large tnangle after
learming to choose a small one

THE SPATIAL HYPOTHESIS AND PERCEPTION OF THE
REMOTE ENVIRONMENT

My discussion 15 already getting pretty far from the actual
known facts of neural funchion If 1t is not to become fantasy,
it must at least stick close, at every pomt, to the facts of be-
havior Here I digress for a moment to consider a group of
facts that are well known but have not been explamed They
serve as a check on the present theorizing

The preceding discussion imples that a variable stimulation
from the same stimulus object would retard the rate at which
the subject could learn to percewve 1t de novo Some of the dis-
cusston has suggested that differences of size, n terms of retinal
angle, might not greatly affect learming, but differences of pat-
tern, as an wuregular object 15 seen from different directions,
would be more mnportant Each grossly different pattern of
stimulation, as the object 15 seen from one side or another, re-
quires the establishment of a separate set of cell-assemblies
I can antcipate the discussion of the followmng section, and add
that when this bappens the vanous sets of assembhes would
gradyally acquire an mterfacilitation—if sight of the object from
one%e is often followed by sight of 1t from another Arous-
ing one set would then mean arousing the others, and essentially
the same total activity would be aroused 1 each case

Each perception would thus involve a conceptual achvity (an
activity, 1e, not directly controlled by sensory processes)
There 18 plenty of evidence m children’s drawings, and m adult
errors 1n perspective drawimng, to show that a person looking at
an object thinks he sees more of it than he does What he
knows about the object appears m his drawing, as well as what
1s visthle at the moment, and the significant fact 1s that neither
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child nor adult can usually say where his drawing departs from
what 1s actually presented to the sense organ

An object seen from vanious aspects, then, requres a more
complex learnmg process for its recogrtion than one seen always
from the same direction and the same distance Such Jearming
should take longer, and, if we assume that a smaller number of
cortical cells means a greater hmitation to the number of assem-
blies that can be set up as separately functioning systems, learn-
ang to recogmze a variably stmulating object should be harder
for lower ammals than recogmzing a constant object

Now 1t happens that the visual activity of lower species 18
dominated by the perception of place This turns out expen-
mentally to mean a dominance of cues from remote objects m-
stead of near ones, and remote objects provide the most stable
and constant stimulation of the ammal’s environment

In discrimination tramnmg, the “position habit,” which Kre-
chevsky (1932} has called a “spatal hypothes:s,” 15 a constant
nuisance m anmal expermments The method of trammng 1s to
offer a choice of two alleys, or doors or windows, one of which
leads the anmmal to food He 1s also given a sign as to which
one contamns the food the correct door has a black card on 1,
or a cucle, say, the wrong one has a white card or a square
Food, and the sign of food, are sometimes on the rnght, some-
times on the left But what the rat, dog, or chimpanzee persist-
ently tries to find out 1s somethmg different He wants to know
whether food 15 always on the right, or always on the left, or
perhaps, mn desperation, whether it alternates, once night, once
left, and so on He wants nothing of the rarefied intellectual
problem of the signs the expermenter has put on the doors,
it 15 only after repeated discouragement of the position habit—
the attempt to find the food 1n some one place—that one can get
him to learn anything else

It has sometines been supposed that this 1s a visual lack, or
that the vision of lower animals 1s dommated by other senses,
But this mterpretation 1s not right, for two reasons Furst, the
position habit 1s just as annoying when one 1s trying to get hlind
ammals to discriminate tactual cues (Smuth, 1939) or auditory
ones (Penmmngton, 1938). Secondly, the perception of place
tself 15 visual, 2s much as knesthetic or tactual When visual
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cues from the distant environment are available, they dominate
behavior So the difference between lower and higher species 1s
that the lower species 1s more dommated by the least variable
of the environmental stimulation, not that vision 1n general has
less mfluence.

This can be demonstrated strikingly in the rat. The rat 1s first
accustomed to feeding on a bare table He 1s then taught to
run across the table, from a fixed starting pomt, to a food dish
that 1s always mn the same place on the opposite side of the
table The table 1s then rotated through 90°, but nothing else
1s changed. the rat 1s dropped at the same place on the table,
with the food still opposite hom  He runs at least once to the
side of the table where the food used to be, with respect to the
room, although neither food nor food dish 1s there now

If one changes the method shightly, the dommance of room
cues as aganst table cues becomes clearer Put four small
shields on the table, one in the middle of each edge Mark the
one that contams food by pamtmg it white and making it larger
than the others Tram the rat first to run to that one only, by
putting no food in the others Then rotate the table through
90°, and put food m all four shuelds The rat will choose, not
the plainly marked shield he was taught to go to, but the un-
marked shield which, after rotation, now occupies the place in
the room that the food used to occupy (Hebb, 19384, 1938b).

A stll more striking demonstration has been mentioned by
Lashley (1988b) and further mvestigated by several students of
Queen’s Unmiversity (Hebb and Wilhams, 1941, and further un-
pubhshed expermments). Teach a rat to jump from a small
platform to another one near by The second platform 1s just
large enough for hum to land on safely, and holds food After
he has made ten jumps, move the second platform through 90°,
The rat hesitates, shows disturbance, but finally jumps—mto
space, m the former direction of food.

A final demonstration that visual cues are controlling the re-
sponse can be made m a small cabmet, 6 by 6 feet square and
8 feet high, in a building quet enough to provide no auditory
cues to direchon Each wall 15 identical with the others, and
each contamns a door. The ceiling 15 homogeneous One door
15 opened only, and a thin curtamn 1s hung over 1t to admit hght
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without allowmng the anmnal to see outside, Now the rat 1s
again taught to jump from one platform to another, mn ths
cabmet When he has learned to jump, the door that was
opened 15 closed, and one i the next wall, at a 90° angle, 18
opened, and screened as before Nothing 1s changed but the
more distant visual cues of the door, the nearby platform re-
mams as 1t was, but the rat now jumps out mnto space, at a 80°
angle from his goal

Why? And why 15 the position habit so persistent? The an-
swer seems to be that the amumal mamly percerves, and responds
to, the least-variable objects 1n lis environment, which are the
ones at the greatest distance

The stimulation recewved from any object varies with the am-
mal’s movements, but there are important differences that de-
pend on the distance of that object. When the ammal turns
round, excitabion 1s changed equally from near and far objects,
but not when he moves from one place to another Changes of
position affect retinal locus, extent, and intensity only shghtly
when the stimulus 1s remote, very greatly when 1t 1s near Even
with body rotation, the order m which nearby objects are seen
has no constancy, unless the ammal always turns at precisely
the same pomnt. But the order in which distant objects are seen
15 the same, no matter where the ammal 15 1 the expenmental
apparatus

It seems thesefore to be true that, the more constant the
stunulation from an object is, the more readily # will be iden-
tified and responded to, as the schema of these chapters requires
Thas 1s relevant also to the fact that as one goes up the phylo-
genetic scale one finds an increasing tendency toward visual dis-
crimmation of objects, without special trammng The rat shows
no sign of distmguishng between persons, or between inert
objects visually presented, the dog often distinguishes a number
of objects by wision, and probably a few persons, the chmm-
panzee 15 very selectve m s behavior toward a great many
objects, and 15 clearly able to distinguish a large nmumber of
persons (whom he sees often) from strangers

The fact therefore 1s that perception of the mtrmsic visual
properties of a near or movable object 1s a less pnmitive and
more difficult feat than percepton of its place Ths too 1s rele-
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vant to the fact that spatal delayed response 1s obtained easily
mn monkey and chimpanzee, nonspatial only with the greatest
difficulty (Riesen and Nissen, 1942)

My account m these pages evidently has a long way to go
before the generalized human concept of a triangle, or any other
figure or object, 15 provided for, but 1t 1s essential to remember
that the rat’s perception 15 also a long way removed from
man’s He does not recognize the triangle he was tramed to
recognize 1f 1t 1s rotated by 60°, nor a black triangle on a white
ground after learning a white one on a black ground He has,
in fact, some considerable difficulty 1n seemng the difference be-
tween a tnangle and a square when ther base-lmes are iden-
tical, Normal man can recognize simple regular figures at a
single glance, but 1t 1s very unlikely that a rat dopes When
some change m the Haming figure 13 made, such as making it
larger, the rat’s behavior 1s clearly disturbed, while man mght
be quite unaware of the change, and the rat often discrimmates
only part of as simple a figure as a trangle

None of these differences between rat and man 1s accounted
for in current theones of perception The critic of the account
of perception that 1s offered here 15 likely to find 1t distasteful
because 1t mmphes that with hmrted visual experience perception
would be httle generalized, Climcal and experimental evidence,
however, does not support the objection but shows that the
characterishe human perception of a triangle 1s the product of
2 long expenience Thus the schema agrees with fact on this
pomt and in addition has the advantage of suggesting, at least,
why the perception of place and direction is so prommnent m
animal behavior.

THE DEVELOPMENT OF SUPERORDINATE
PERCEPTIONS

We can now turn to the question of an integration of the sev-
eral parts of a figure mto a distinctive whole, as contrasted with
the amorphous whole that 1s percerved m first vision

The most direct way of accounting for the superordinate inte-
gration 1s as follows, as long as this 1s still recogmzed as frankly
schematic Achvity in the assembly @, aroused by fixation on
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an angle A of a tnangle, can occur mdependently of b or c.
When A, B, and C are looked at successively, 1 any order, but
m 3 short period of time, activity may contmue by reverberation
m two of the structures wiule the third 15 sensorily aroused
Just such a series of fixations would be the result of the behavior
descnibed by Senden, as the congemtally blind patient after
operation learns to count the corners of a square or triangle and
becomes quicker and quicker at doing so before he learns to
recogmze the figure at one glance. In these circumstances,
concervably, there is a frequent occurrence of actvity m the
three assemblies g, b, and ¢ at the same time, These Lie mter-
laced with each other m what 15 grossly the same tissue of the
cerebrum, and according to the assumptions of the last chapter
the simultaneous activity would result mn an imtegration of the
ee systems.

It 1s perhaps necessary to remmnd the reader that the three
systems do lie in the same tssue, although two of the sensory
excitations concerned are umnilateral, one 1 one striate area ex-
clusively, one in the other All such suprasensory systems must
develop in parallel, in both hemispheres The purely sensory
activity, up to and mcluding area 17, 1s unilateral when the
stmulatmg diagram falls wholly to one mide of the fixabon pomnt
But when area 18 is strychninized, it fires mto the contralateral
18 as well as mto the psilateral 19 and 20 (von Bonm, Garol,
and McCulloch, 1942), The suprasensory mtegration imbated
by a unilateral sensory event must be bilateral and consist of
two halves, m the two hemispheres Each half has the same
functional sigmificance—that 1s, 1t mediates the same perception
and facihitates the same responses—even apart from a coordinat-
mg action of the corpus callosum and other cerebral commus-
sures (though the development of the contralateral half depends
on the commssures) This 15 evidently relevant to the chmcal
and expenimentzl reports of slight effects from damage to the
callosum (Bridgman and Smuth, 1945), or failure to find an effect
of unilateral extirpation of association areas, but 1t 15 1mportant
for the present as showing that the assemblies @ (excited by a
figure which falls wholly m the right homonymous visual field)
and b (ansmg from the left visual field) are structures which
must develop 1n the same gross tissues of the bramn
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Accordmg to the assumptions made earlier, simultaneous ac-
tivity 10 g, b, and ¢ would establish facilitabion between them,
through therr chance anatomical interconnections and the en-
largement of synaptic knobs An effechve facilitation from one
system on another means a change of frequency characteristics
in the system recervmg the facihtation, It therefore means some
fractionation and recruitment in the constituent umts (p 78).
With three extensive systems mvolved, each facihtating action
in the other two, these growth changes must be considerable
The resulting superordinate system must be essentially a new
one, by no means a sum or hooking together of 4, b, and ¢ In-
stead of abc, which might suggest such an 1dea, a better nota-
tion for the new structure 1s ¢ the assembly of cells whose ac-
tivity, m the schema, 1s perception of the tnangle as a distc-
tive whole As Gestalt wnters would say, this 15 something other
than the sum of its parts, but, unlike Gestali theory, the schema
derives the dishnctiveness of the whole from perception of the
parts.

Now for the defects in such a formulation Supposmg that
the general 1dea 15 rght, it 15 still unlikely that the synthesis of
t from g, b, and ¢ would be made as a single step, however
gradual A smgle step would depend on simultaneous activity
m three systems and so requires a frequent fixation of the three
corners of the tnangle m quick succession Looking at two of
the corners only would not contribute to the mtegration

A much more plausible 1dea 1s that one or more intermediate
stages would occur, such as an mtegration of @ with & before
that of “ab” with ¢ (ab 1s used for brevity, though it 15 mislead-
mg 1 the same way as abc mn the precedmg paragraph) This
would call for stmultaneous activity m only two systems at a
ttme I mention gb as the first stage, rather than gc, because
the honzontal Ime (AB, m figure 11) seems of fundamental
mportance n human perception, and certamly 13 so for the rat
m the usual conditions of testng The perception of lines as
dishmchive entities has been disregarded 1n this schema, m order
to avoid a cumbrous and unwieldy discussion, but as we have
seen the perception of Imes 15 primitive, as the perception of
angles or corners 18, and a tnangle has six mmstead of the three
perceptual elements dealt with by the schema This would
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make probable the occurrence of several intermediate stages
between the perception of “elements” only, and perception of a
distmctive total figure

The argument up to this pomt can be summarized m general
terms Reasons bave been given for believing (1) that fixation
on each of the several parts of a figure would have an mecreas-
mgly determnate effect, as arousing one specific structure, {2)
that these structures, each correspondmg to a frequently made
fixation, are anatomically diffuse and interlaced with one another
in the same gross cerebral tissue, and (3) that the several ac-
tivities may coexist, and be aroused 1 any order It 15 a reason-
able mference (4) that two of these determinate actions simul-
taneously would have a determinate effect, tending to excite spe-
afic transmission unuts, and that the action of these umts would
tend to orgamize in the same way that the earher established
systems were organized, Actvity in a superordinate structure
(m thus case, t) 1s then best defined as being whatever deter-
minate, organized actwwdy results from repeated activity in the
earlier-developed or subordinate structures gioing rise to # (In
thig case, a, b, and ¢, or “ab” and ¢, assarming two steps m de-
velopment, and that a-hnd b are first mtegrated).

THE PHASE SEQUENCE IN PERCEPTION

Next, let us consider the temporal relationship of achwity in
these vanous structures Dunpg the development of the assem-
blies @, b, and ¢, arousal of a as we have seen 15 accompamed
by two motor activittes  Of these, one always becomes Lminal
(producing a change of fixahon) before b or ¢ is sensonly
aroused The sequence of events can be schematized as

a-b—c-b-e-c—a-b-a-

and so on. Each of these events 1¢ associated with two speafic
motor excitghons One of them at least 15 subliminal, and one
becomes hmimal as an event intervenmg between @ and b, for
example, or between ¢ and a

This “ideational” series with 1ts motor elements I propose to
call 2 “phase sequence” .

When the assembly ¢ has become organized, the psychological
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evidence indicates that its activity intervenes between the ac-
tivities of the subordinate assembhes a, b, and ¢ and does not
supersede them. The sequence now becomes something hke
ths,

abiacitcit-b-

Such complhication of a simple perception has important con-
sequences for theonizing The reader 18 briefly reminded of the
reasons for thmking that perception of a simple pattern 15 not a
single lastmg state, terminated by an external event, but a se-
quence of states or processes The congenitally blind patient
after operation at first sees any figure as an amorphous mass, but
may be able with effort to count its corners, the perception 1s
then alternately of the whole and of its parts As the figure
becomes a distinchive whole, there 15 still the same fluctuation
of the figure-ground relationship—attention directed now to the
whole, now to 1ts parts. This 1s a phenomenon which as a matter
of common observation 1s always present m perception (and 1n
a “concept,” as one thinks about an object), as Chapter 2
showed, although the fact 1s not recogmzed i current discus-
sions of the figure-ground relationship Exactly the same sort
of thing 1s imphied by Lashley’s inference that the rat succes-
sively 1solates (1 e, sees as figure) various parts of a unified pat-
tern before making a response

In terms of the schema, the alternate perception of whole and
parts 1s an alternahion of activity among a, b, ¢, and ¢, with cor-
responding directions of fixation (except for the entity ¢, which
15 sccompamied by no determinate eyemovement, smce the
average values of the six eyemovement vectors associated with
the three part perceptions of the triangle add up to zero, but
also fluctuate from moment to moment, their resultant would
fluctuate m dwection and amount, and would produce mneither
a fixation of gaze nor any predictable change of fixation).

It follows that the mtegration of ¢, the basis of perceiving a
distinctive total figure, essentally mvolves a sequence of cor-
tical events with motor components Achvity m g facilitates the
arousal of both b and ¢, with the appropnate intervenmg eye-
movement, and activity m b or ¢ facihitates the arousal of 4 n
the same way Whether b or ¢ 1s aroused followng ¢ would
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depend on the momentary conditions of excitabality, Activaty
in @ would also facilitate that m ¢ In the early stages of per-
ceptual development, ¢ might be excited only after repeated ac-
tvations of g, b, and ¢, but later (with the extensive develop-
ment of synaptic knobs i the system and the consequent n-
crease 1n the strength of facilitation) might be aroused follow-
mg sensory activation of a alone, so that the triangle would be
recogmzed with a single glance at A (figure 11) But the ac-
tivity so aroused must be transient, as we have seen; perception
of the whole as such is momentary, and alternates with percep-
tion of the varwgus parts. Instead’ of an mdefinitely prolonged
reverberation, mterrupted only by some event outside the system,
excitation 1n one of the assemblies a, b, ¢, and ¢ is an unstable
equilibnnium which moves readily into another phase

The schema that has been developed requires only that re-
verberation continue 1n one of these structures long enough so
that temporal overlap can cccur The psychological evidence
remforces the 1dea, based on the physiological evidence, that
reverberation 1s short-lived if the duration of an 1dea, or a per-
ception, 1s the duration of reverberatory achvity m a closed
system, one can say that the pattern of activity rarely lasts
without change for as long as a second The stability of a per-
ception is not in a single persistent pattern of cerebral activity
but n the tendency of the phases of an uregular cycle to recur
at short mtervals,

It wall be proposed in the following chapter that the train of
thought 1s also a “phase sequence” of the same kund, but more
extended, consisting of a senies of phase cycles ¢The present dis-
cussion, besides dealing with perception, 1s also meant to lay a
groundwork for dealing with the temporally organized processes
of thinking,

THEORETICAL PROPERTIES OF T;HE SCHEMA

With this we are done schematizing It remains to ask what
theoretical sigmificance the schema has, and how its 1deas are to
be apphed to the development of behavior m normal circom-
stances

Actually, all the rest of this monograph 1s devoted to answer-


http://www.cvisiontech.com

Theoretical Properties of the Schema 101

ing the guestions, but >t will be worth while first to strike 2
trial balance and see what has been accomplished already.
The mamn conceptions used m the following chapters have now
been developed The relahonship of the schema to the follow-
mg chapters will be more easily kept in mmmd by making its
psychological reference more explcit.

Within limits imposed by the needs of exposition, a concep-
tual system has been elaborated which relates the individual
nerve cell to psychological phenomena A bndge has been
thrown across the great gap between the details of neuro-
physiology and the molar conceptions of psychology The
bridge 1s definitely shaky mn the mddle, but 1t 15 well buttressed
at each end, and we have a psychological bridgehead whach
can be widened and which already includes some strategic
pomts In other words, the scheme has some theoretical value
already. It shows, more or less exphcitly, how it 13 possible
(1) to concewve of a conjomned action of the primitive figure-
ground mechanism, eyemovement, and learning (specifically de-
fined synaptic changes), mn the development of siumple percep-
tions, (2) to provade for an action of set, attenton, or expect-
ancy, also defined physiologically, m the perceptual process, and
(8) to provide at the same tune for Gestalt completion, sim-
lanty, generalization, and abstraction—these, with attention also,
being essenhally different aspects of the same process and closely
related to association aiself,

1 The imterrelationships of eyemovement, figure-ground seg-
regation, and learning are explicit m the schema Perception
depends on leénrmng first to see the parts of an object clearly, a
process mvolving a series of visual fixations, and proceeds from
seeing, at first, an amorphous mass contamning several foc: (the
corners), to seemng a distinctive figure at a glance. Evea at this
fina] stage we know that perception of the whole is dependent
on eyemovements for maximal clanty (Chapter 2) Accordng
to the schema, the perception 1s constituted by a temporal se-
quence of activity 1n suprasensory (or association-area) struc-
tures, which owe their organization to changes at the synapse.
1t 1s an wregular cycle of recurring events which can continue
momentarnly without the corresponding sensory stimulations, but
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which is reinforced by them and by the appropnate eye-
movements,

2. References to set, attention, and expectancy were made m
developing the schema, which can be more precise here The
term “attention” is amiguous m the hterature, and has several
meanings 1t may refer {a) to the state or end result of attend-
ing—the subjective clanty of what 1s attended to, or the neces-
sary receptor adjustment, (b) to the selectivity of the process,
(¢) to the hypothetical agency or process which produces the
selectivity, and (d) to varous properties of “mind” which ap-
parently cannot be defined or understood. Jt 15 m the third
sense (c) that the term 1s used here, and 1n the schema atten-
tion may be defined as a central facilitation of a perceptual ac-
tivity. So used, “attention” has exactly the same meanmng as a
“perceptual set,” a process winch makes one thmg seen more
readily than ancther When this faciitation 1s effective mn ad-
vance of the corresponding sensory process, expectancy 1s sud
to occur

In the notation of this chapter, actinty m the cell-assembly
g facilitates an arousal of the assemblies b and ¢, as well as
faciitating two motor responses, to fixate B or C {pomnts of the
tniangle ABC, figure 11), In one way or ancther, this facilita-
tion has nherent m it the notons of association (the whole
schema makes this explicit), attenhon, and expectancy. Activity
m b may be aroused mn two ways. sensonly, by looking at B, or
centrally, by the “association of 1deas.” When B 15 looked at
just after A, activity 1n b is aroused in both ways, and the cen-
tral facilitation, from a, is an instance of atteftion: a ceptral
remforcement of a particular sensory event,

This illustration of the physiological meaning of attention is
complete logically but 1s not particularly effective, smce 1t does
not make the selectivity of the process explict Our hypo-
thetical amimal has not been allowed to see a vanety of patterns
as yet, among which selectivity could aperate, but this will be
clearer 1n a moment, in discussing abstraction. Swmilarly, an
eyemovement from A to B may be aroused i two ways: by the
* sensory stmulation from B, or by the facilitation from ¢ on the
motor system Here the selectivity of the central facilitation 18
more evident. Eyemovements may be made from A to B or
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from A to C, and wiuch of these 15 made evidently depends
often on central events We have seen that the relative strength
of the two motor facilitabons from ¢ fluctuates from moment to
moment, when one becomes limnal—that s, becomes decisive n
determining which eyemovement is made—the selectivity of the
“motor set” 1s lustrated.,

3 Suppose now that our hypothetical animel, after thorough
habituation to hus limited environment (“humited” puts 1t mildly,

C

A

Ficure 12 The tnangle of Ficure 13 The tnangle of
figure 11, lacking fts apex. figure 11, cucumscribed by
a carcle

since he was permitted no expenence except to see a single tn-
angle, at varying distances but always with the same angle of
regard )—suppose that the ammmal 1s now tested with the two
patterns represented in figures 12 and 13 Let lum first see
figure 12, a tnangle such as he 1s used to, but with apex mussing.
What neural processes will result, accordmg to the schema?
Fixation near the top of the figure will have no orgamzed
effect (remember that the schema disregarded perception of
lines as distinctive entities, discussing the intersechion of lines
only), If the anmal looks at A and B, however, the assemblies
a and b are excited, with facihitation on each other, on ¢, and
on ¢ A momentary excitation in f, a perception of the whole
tnangle, is then possible. Here 1s an instance of Gestalt com-
pletion, but derived as an associative process, with no field forces
operating. Accordmg to the schema, it could happen only with
a simple and thoraughly familiar figure {or thoroughly fanmhar
part of a complex and unfammliar figure), which agrees with the
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expermmental facts It 15 evident that such a completion be-
comes a simple corollary of association, once we can provide for
a percephion of parts without denying the umty of the whole

So too are smilanty, abstraction, and generalization. Given
perception of the various parts or properties of a pattern, sepa-
rately, and the possibility of an association of these perceptions
with 2 perception of the whole we have given at once the
possibility of a smngle response to two patterns which differ 1n
therr total propertes but which have a property or properties
in common, This of course 15 not new What 1s new m the
schema 1s showing how, concervably, perception of part and of
whole can be related to each other and to the nerve cell, and
to changes at the synapse An mmmediate dividend 1s the pos-
sibibity of clearly stating, in physiological terms, the meaning of
words like abstraction or smmilarity which are necessary to de-
scribe behavior but which have had, to say the least, a touch
of mystery about them

When the ammal whose perceptual -processes have been
schematized looks at the pomnt C mn figure 18, at the apex of the
familiar tnangle, the mtersection of the two straight Imes pro-
duces an organized neural activity, plus an unorganized one due
to the unfamiliar presence of the circumscnbing circle  In the
notation of the schema, ¢ is aroused, but also a new and random
activity of cells 1n area 18 and beyond To mterpret the effect
of the random firmg m 18 we must fall back on the statistical
ideas of the last chapter The number of convergences of this
new activity on the organized cell-structure ¢ would vary from
anumal to ammal, since it 13 a chance matter, and m any one
ammal, from moment to moment, with varations of excitability
mn the mdividual unit of transmission Accordingly, the organ-
1zed activity mn the assembly ¢ would sometimes be disrupted,
sometimes not So with achwvihes of @ and b, when the other
corners of the tnangle are fixated.

When the orgamzed activity does occur, the trangle 1= “rec-
ogmzed’—the similarity of the figure to the famibar plamn tn-
angle (figure 11) 15 perceived, the ammal has abstracted from
the total complex, and generalization of perception has occurred.
Here too the selectivity of atiention 1s more evident once ¢ 15
aroused, a fixation immediately afterward on A will be more
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hkely to arouse the orgamized activity of g—the sensory effect
of the triangle 1s selectively remforced, by the facillitabon from
¢, that of the circle 15 not

The purpose of this schema has been to armve at conceptions
that will be as near physiological fact as possible and that wall
enable us to deal with the cerebral contral of behavior and s
temporal mtegratior From this peint opward, 1t 1s assumed
that some such structure as the cell-assembly 1s estabhshed as
the result of repeating any particular finng combmation in an
afferent system, and that assembhes mteract m some such way
as that proposed m the schema

What follows 15 an attempt to generalize the 1deas that have
been developed 1n these two chapters (4 and 5), rather than an
attempt at ngorous explanation by means of the assumptions
that have already been made Two mplications of those as-
sumptions, however, may be made explicit, smce they broaden
the applicability of the schemahzing to real problems

1. The different properties of a smgle sensory event may have
separate central effects This can be concerved of as follows:
The infant’s hand making contact with two or three ohjects in
succession may recerve from them sttmulations which differ ex-
cept . ane respect, such as the degree of pressure on the skin
as the hand closes, In the schematizing, there was only one
stmulating object m the environment, mn the environment of an
actual mfant, shmulation mvolves a number of objects and a
cumulative effect of stmulation would be established most
promptly by the property that several of these objects have n
common Such a consideration makes abstraction fundamental
in the first learmng, thus, in the context of one group of stimu-
lating objects, 2 metal bar on the crib might contribute only to
the development of the perception of hardness, but, while con-
tact 1s bemng made mtermittently with another set of objects,
the same har maght contnbute to the perception of (tactual)
roundness

2 Another aspect of sensory processes can be taken account
of, m the temporal sequence of stmulatng conditions The
problem of the perception of black in the visual field, for
example, comes from the fact that thus 1s not a statie perception
determmed only by an absence of lhight in part of the visual
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field, but is transient and requires temporal as well as spatial
contrast for the full effect. A frequently repeated condition n
the optic system 1s a decline of activity up to and mncluding the
lateral gemculate. During such a declne, and determined by
it, there may be a predictable and selective activity in areas 17
and 18, by cells which are not active in the same combination
durmng equihbration or durmg an mcrease of mntensity, The re-
peated activity of such a particular group of cells would develop
an assembly whose activity would be the perception of black

In general, then, whenever a change of shmulation produces
a transient but selective activaty (that 15, m certam cells only),
m the sensory projection areas or m the neighboring association
area, the necessary conditions are provided for the formation of
a cell-assembly Such assemblies would be the basis for per-
cewving, contrasts, and the relative properites of stmulation of
colder, larger, higher m pitch, and so on By the very condi-
twns determming therr occurrence, such perceptions must be
transient and brief but may nonethefess be definite and distine-
tave for the penod of thewr duration.
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6. Development
of the Learning Capacity

In the schema of percephon, motor learming got a foot inside
the door through the emphasis on eyemovements. These move-
ments were treated as having a vanable relahonship to sensa-
tion They may be elicited (1) directly, by stimulation of the
peripheral retina, (2) less directly, by a foveal stimulus that
arouses an assembly action, this m turn facihitating eyemove-
ment, or (3) still less directly, through a phase sequence, or suc-
cession of assembly actions. The stimulus may arouse assembly
g, @ then arcusmg ¢, at which pomt the motor imen may be
low enough so that the activity of ¢ results mn overt eyemove-
ment

This epitormizes the treatment to be made of motor learning
The behavioral evidence shows a considerable variation m the
drrectness of sensor-motor control Some responses have, at
matunty, all the propertes of a reflex and yet are known to be
learned Others remamn qute unpredictable from a knowledge
of the stmulus alone, they are, that 1s, detesnmed by an mter-
play of sensory stimulation and the autonomous achvity of the
cerebrum (set).

We must remember both kinds of learnmg the set-mfluenced
and the non-set-mfluenced The reaction agamst early switch-
board theory and connectons, and the current dogma that
learning accurs anly with special conditions of mohvation, have
both tended to draw attention away from a kwnd of learming
that, once established, 1s httle affected by set and does not
seem to need reinforcement.

In the adult amimal the eyeblink to a rapidly approaching

object, for example, 1s practically m the class of a spinal reflex
107
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Unlike the learned response studied mn the usual experimental
approach, it 1s extremely resistant to extinction, and to distrac-
tion (“external inhibition”™), and, in human subjects, very hard
to change by verbal preparation Yet Riesen (1947) has shown
that 1t 1s 1n fact a learned response It 1s absent at the twen-
heth month m the chimpanzee reared mn darkness, but then
appears slowly with visual expenence, and 1t 1s found at about
three months m the normally reared ammmal Such learning
must be thought of as depending esseptially on sensori-motor
connections The connections are presumably not from specifie
receptors to specific effectors, but they must be rather direct
between afferent and efferent systems, since the response 1s with-
out mportant mnfluence from the autonomous central process
(set, attention, or the hke).?

The responses that have this property, however, appear to be
acquired early. They are by no means a paradigm of learning
m general.

At another extreme are those learned acts of the half-grown
or full-grown ammal that we call both learned and “voluntary”
(a term that will be defined later) They are completely sub-
Ject to extinction, and no matter how thoroughly learned they
remam completely a function of set and drive There 1s no pos-
sibility of direct sensori-motor connechons here, to understand
such behavior, and such learnmg, we shall first have to under-
stand the orgamzation of the controlling cortical activity

It 15 implied that the nature of the learning process changes
signmficantly with development, and the epplication of the 1deas
of the schema of perception to the real behavior observed 1n an
expeniment will best be seen 1 considering first the changes of
the learning capacity with growth.

* Which means that the learned eyebhnk may be about as close as mam-
malian learning ever gets to setting up S-R (stimulus-response) connec-
tions The expennmental critenion of such a response is dual its independ-
ence from set and attenHon, and its resistance to extmebon m Paviov's
sense This comes down essentially to a single theoretical enterion the
predictahbility of the response to a particular shmuletion, m any crcum-
stances, as long as no other physically incompatible response 1s aroused at
the same tme Thw iy what sensorl-motor connections mnply But when
a response is predictable only in the experimental apparatus, or following
verbal preparation, we are dealing with another class of behavior
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It was possible to be specific about a hypothetcal perceptual
learnmg as it 1s not possible about the motor learning of the
mature anmmal Percephon 1s firmly tacked down to known
stmulating conditions, 1ts antecedents can be discovered Motor
learning at matunty, however, 18 conditioned by all the un-
knowns of cortical action. But with the schema as a starting
pomt, and considermg some properties of behavior that are often
overlooked, 1t wall he possible to set up a tentative account of
learning at maturity.

THE RELATION OF EARLY TO LATER LEARNING

In this section I shall bring together the behavicral evidence
on the relationship between learning mn infancy and that of the
normal adult animal, before returmng mn the next section to the
question of neural mechanisms

It 18 proposed that the characteristics of learning undergo an
tmportant change as the amimal grows, particularly m the hugher
mammals, that all learmng tends to utilize and bwild on any
earlier learning, mstead of replacing 1t (Mowrer, 1941), so that
much early learning tends to be permanent {Twmnbergen, 1842,
Hunt, 1941), and, finally, that the learnmg of the mature animal
owes 1ts efficiency to the slow and mefficient learning that has
gone before, but may also be limited and canalized by 1t.

THE GENERAL PROPOSITION It 1s of course a trmism that learn-
mg 1s often wfluenced by earlier learning Innumerable expen-
ments have shown such a “transfer of traming” Leammng A
may be speeded up, hindered, or qualitatively changed by hav-
g learned B before The question for debate 1s how great the
effect may be m general behavioral development (as distmet
from the effect of some one specific habit on some other) and
what theoretical use 1s to be made of it.

McGench,* for example, has saxd.

After small amounts of learung early 1 the Life of the indmwdual,
every mstance of learmng is 2 function of the already learned organs-
zation of the subject, that 1, all learning 1s mfluenced by transfer -+«

® The psychology of human learning, copynght Longmans, Gresn & Co,
Inc, 1042, pp 445-446 By pennission of the publishers
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The learning of complex, abstract, meanmghl matenals and the
solution of problems by means of ideas (reasoning) are to a great
extent functions of yansfer Where the subject “sees mto” the funda-
mental relations of a problem or has msight, transfer seems to be a
major contrbuting condition It 18, likewise, a basic factor 1n ongi-
nality, the ongwnal and creative person having, among other things,
unusual sensitivity to the applicability of the already kmown to new
problem situations Percerving, at whatever level, 18 probably never
free of 1ts influence, and there 1s no complex psychological event
whuch 1s not a function of it

¢

Those are strong words, and I propose that they must be
taken literally—as presumably they were meant to be taken
Unless we are to regard them as just a lip service to logic and
the known facts of behavior, they must mfluence general psy-
chological theory profoundly If the learnng we know and can
study, m the mature anmal, 15 heavily loaded with transfer
effects, what are the properties of the ongmal learming from
which those effects came? How can it be possible even to con-
sider making a theory of learning m general from the data of
maturity only? There must be a serious nsk that what seems to
be learning 15 really half transfer We cannot assume that we
know what learning transfers and what does not for our knowl-
edge of the extent of transfer 1s also denved from behavior at
maturity, and the transfer from mfant experiences may be much
greater and more generalized

An example, m itself important for the theory of learning, wall
also show the dangers of generalizing from adult to mfant be-
havior with regard to transfer A student once pomnted out to
me that James’ famous expenment on memonzation begged the
questhion James wanted to see if practice 1n memornzation
would ncrease the ability to memonize He found it did not,
and later writers have found the same thing As a result, it has
been concluded that practice per se has little or no transfer
value, without mstruction as to better methods of learmng Bt
all this 13 done with adults who have had long practice already,
and the student pomted out that the transfer effects must have™
been complete before the experiments began, and could not be
demonstrated by the method used James (1910) used hghly
educated adult subjects, Woodrow (1927) college sophomores
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What would have been the result with subjects who had done
no memorization beforeP We do not know, but it 15 certamnly
quite Mlogical to conclude that undirected prachee has no trans-
fer value because we find no evidence of it where there 1s no
reason for expecting it Above all, it would be illogical-to con-
clude from this sort of evidence that the meidental learning of
mfancy has a neghgible effect on later leammg,

It has already been emphasized that perception 1s affected by
past expertence (Gibson, 1929, Carmichael, Hogan, and Walter,
1932, Leeper, 1933, Zangwill, 1937, Krechevsky, 1938) What 1s
learned 1s 1n terms of what 1s percerived what 1s not perceived
can hardly be remembered. Koffka (1935) has emphasized that
patterns may be seen and remembered by the arousal of “older
trace systems”, Woodworth (1938) says that all perceiving 1s
“schema with correction,” that is, m terms of earher perceptual
habits How do these habits get established in the first place?
What are the properties of the learning that sets up the “older
trace systems,” of learning in 1ts first stages, before there are any
earlier habits to help 1t along? These questions cannot be com-
pletely answered at present, but even the skimpy evidence we
have 1s enough to reonent the whole problem of learming
\s THE EIRST LEARNING OF PRIMATES IS EXTREMELY SLOW, AND
VERY DIFFERENT FEOM THAT AT Marurrry  There are two kinds
of learning. One is that of the newborn infant, or the visual
learning of the adult reared 1n darkness or with congemtal
cataract, the other that of the normal adult. I have repeatedly
cited the behavior of the patient born blind and given his sight
after motor (and speech) development was well along, to show
that the first learning 15 extremely meffimient as far as detectable
effects on behavior are concerned, despite the completion of
physical maturation (Senden, 1932) Here 1t 18 referred to
once more, partly to show that the early mefficiency 15 not due
to poor motivation and partly to make a comparison of man
with other species

Senden reports a serious disturbance of motivation, apparently
in all cases, at one stage of learnmg But thus cannot be the
main cause of the slowness of learnmg, for two reasons

1 Mothvaton 1g not disturbed m the first stage, immediately
upon beginmng to use the eyes At first there 1s a period of
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dehght, parhcularly m colors, end apparently a complete pre-
occupation with the new expenence.

Before long, the patent finds out how hard it is to get an
effective use of pattern vision, The “crisis™ of motivation then
ensues Until that pomnt there 1s mterest and application, things
that are easy to learn are learned and not forgotten, color names
are readily remembered, but it takes a long apprenticeship be-
fore any useful or demonstrable learning occurs m pattern
vision,

Learning 1s evidently going on in this period, as long as the pa-
tient contmues to keep his eyes open and makes any effort, but
it can hardly be demonstrated except i the later increase of
efficiency.,

2 The second reason for denymng that poor motivahion ex-
plains the poor learning of man, in his first visnal experience,
comes from the observations of Riesen (1947) His chimpan-
zees, reared m darkness, were certamnly mohvated both by
hunger, and by ther strong dnive to find and cling tightly to an
attendant, when they were out of therr hving cages Yet there
was no sign that either hunger or the desire to clmg had taught
them, m 40 to 50 howrs’ visual experience, how to discriminate
the white-clad attendant from any other part of the environ-
ment. Astomshing as 1t was, the chimpanzees appeared to be
completely avisual at this stage of the expeniment

Moreover, in further tests, a strong electne shock faled m a
dozen trials to set up any avoidance whatever of a large, dis-
tinctive shmulus object. After a smgle tnal, normal animals of
the same age and m similar circumstances showed wiolent avoid-
ance of the object with such pamnful properties In the slow-
ness of their first visual learning, man and chimpanzee are m
the same class The human slowness 1s not due to defects of
motivation, but pomts to some fundamental property of the
learning process m primates.

BELATIONSHIP OF LEARNING TO PHYLOGENESIS The conclusion
that the first learning differs radically from the later needs one
most mportant quahficatton. the dufference depends on phylo-
genete level.

The evidence so far has been for the higher priumates only.
It was shown m an earher chapter that tramng in pattern
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viston 15 slower for the rat reared m darkness than for normal
rats, but the dufference 1s not nearly as great as for chumpanzee
or man The rat reared in darkness 15 capable of a selective
visual discrimmation, definitely learned, after a total visual
experience of less than 15 mmutes (Hebb, 1937, pp 118-115).
He requires six times as many tnals as the normal to learn a
discrrmination of horizontal from vertical stripes, and twice as
many for erect versus mverted tnangles, but within an hour or
s0 his behavior cannot be distinguished from that of normal
amumals. As we have seen, the correspondmg tune for pnmates
1s a matter of weeks or months

There are no comparable data for other species, but some
msect behavior suggests strongly that the first learning of the
mvertebrate 1s shill guicker, and much prompter m reaching full
efficiency tban the rat's What learning ability there 1s seems
to appear full-hlown, with little or no apprenticeship needed
The bee for example on first emerging from a completely dark
hive fies off end 15 able to find the entrance te the luve agamn,
We know also that finding the hive depends on vision, The be-
havior mdicates that the msect’s learmng starts out, from the
very first, at the mature level of effictency (Much that we
attribute to mshnet, because no prolonged learnmg s ewvident,
mght thus be due fo learming that needs only a few seconds for
its completion. The associations that are formed may be only
certain ones to which the nervous system 1s especially adapted
[Tmbergen, 1942, p 82]' heredity would shil bave an over-
mastering 1mpertance, but learning may nevertheless be essen-
tial to some apparently mstinctive acts )

As we go up the phylogenetic scale, then, we find m mature
ammals an mcreasmg ability to learn complex relationships, but
also, surpnisingly, a slower and slower rate of learnmg 1n infancy,

This does not refer merely to the fact that higher amimals
have a longer period of physical maturation. We have always
known that a rat grows up, and develops whatever capacities
the adult rat has, m three months—or a dog m six months,
whereas a chimpanzee takes ten years, and a man twenty years,
We have thought, I suppose (if the queshon ever came up at
all), that this longer perwod of behavioral development meant
only that maturatron takes longer m the primate, and that with
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less mstinct he has more to learn  But the clinical and expen-
mental evidence pomts to an additional factor. Given a really
new and unfamihar set of sensations to be associated with motor
responses, selectively, the first defimte and clearcut association
appears sooner 1n rat than i man, and apparently sooner m the
msect than 1o the rat.

We commonly regard quick learning as the man distinction
of higher species, and m certain conditrons this 1s true  Normal
man can glance once at a face and remember it for years. The
chimpanzee Bimba was pricked once with a lancet and pever
agamn would permit it to be brought pear her—but with no
avoidance of other objects of the same size or roughly the same
proportions.® This 1s something completely outside the rats
scope. We think of it as imtelhigent learnmg, and are prone to
regard 1t as an mnate property of the primate bran It caonot
be mnate, however, as Riesen’s evidence shows So also with
the abihity to remember faces Miner’s {1905) patient, described
as exceptionally mtelligent despite her congenital cataract, two
years after operation had learned to recognize only four or five '
faces and m daily conferences with two persons for a month cd
not learn to recognize them by vision The human baby takes
six months, the chimpanzee four months, before making a clear
distinction visually between friend and enemy Ewvidently, tlus
1s a period of learning as well as of maturation: not just a matter
of waiting untll certam neural structures are fully grown, w1th
learming then at a typical adult rate.

There have been, m general, two schools of thought concern-
ing the rate of learming, The configuratonists, stressing the
importance of msight, have been mclined to hold that learning
occurs &5 a smgle jump, an all-or-none affarr proceeding by
discrete steps (“noncontmumty theory”), ther opponents, that

®* Dr Glen Finch diary of Bimba, Yerkes Laboratonies of Primate Biol-
ogy, 1040 It 1s relevant here, 1n discussing the nature of learmng m higher
speaes, to add a reference also to the remarkable learming capacty of
rhesus monkeys that Harlow {Psychol. Rev, 1948, 56, 51-85) has demon-
strated m & long senes of expermments Harlow’s whole argument, showing
how the learming capacity may be changed out of all recognition by pro-
Jonged experience, is & powerful reinforcement of the posibon adopted m
these pages
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learning 1s graded m amount, built up steadily by small mncre-
ments, and typically independent of any special factor of msight
{“conbnmty theory”)

But 1t 15 1mpossible to avoid the conclusion that both types
of learming occur, and that one is charactenstic of the mature
anmmal, the other mamly of the mfant. There 3 msightful,
single-tnial, all-or-none learning—m the mature ammal, but never
mn the mfant of a higher species. There 1# a slow-mcrement
learming m the infant, in which no trace of msight whatever can
be found, and n the mature ammal also when he has been
reared in darkness and 1s learning to use vision It 1s reasonable
to suppose m general that, the less familiar the situation or the
task to be performed, the more mmportant slow-mcrement jearn-
mg becomes But 1t seems also that few situations can be set
up m which there is nothing famihar, so that it would be very
hard to find an instance of learnmg m the mature ammal m
which there 15 not some effect of msight.

We are now m a posiaon to define the relationship of the
learming capacity to phylogenetic level There 15 no evidence
to support the idea that learning in general 1s faster in hugher
species—even at maturity In the mfant, the evidence 1 con-
clusive that the rate of the first learning 15 slowest 1n the highest
species, quite apart from slowness of maturation The distinc-
tive charactenshc of learning m higher species 1s the ability to
handle complex relationships, and handle them as quickly as
lower species can handle sumpler ones Man can leam to un-
fasten a latch quicker than the chimpanzee, the chimpanzee
quicker than a rat, but, if we take the learming at which each
species 15 most efficient, there 1s no good evidence that one 1s
faster than another

Lashley (1929b) has made this pomnt effectively. After dis-
cussing an experiment by Pechstemn in which rats and human
subjects learned mazes of identical pattern, and in which the
rats showed to rather good advantage—mn one respect therr
scores were better than those of the human subjects—Lashley
goes on to pomt out that with simple enough habits lower spe-
cies and the feeblemmded learn about as fast as normal man.
Such habits are not retarded, m rate of formation, by extensive
bram damage ‘There 15 also reason to think that mmmediate
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icidental memory occurs m lower species, and Lashley con-
cludes “The comparative study of learning 1n different animals
gives hittle evidence that evolunon has brought any change m
the rate of formation of the sumpler habits On the other hand,
there 15 a fauly consistent rise mn the hmits of trammg and m
the formation of complex habits with ascent m the phylogenetic
scale.™

In summary, then, the phylogenetic changes m the learning
capacity are as follows (1) more complex relationsiups can be
learned by lugher species at matunty, (2) sunple relationships
are learned about as promptly by lower as by ligher species,
and {(8) the first learming 1s slower m higher than m lower
species,

CONCEPTUAL DEVELOPMENT AS THE BASIS OF LEARNING Finally,
before turning to the question of neural mechantsms, I want to
bring together some of the behavioral evidence that throws hight
on how the learning capacity changes with growth. In general,
it 15 a conceptual development, rather than the elaboration of
a number of specific motor responses. Perceptual orgamzation
15 also mvolved, but percept and concept are mtimately related,
and the term “conceptual development” will do to cover both.

The best smgle 1llustration of how one set of expenences can
facihitate the formation of 2 new hahit, mvolning a new stmulus
and a mew response, 15 cne that has already been given: m
learning to distinguish chimpanzee faces and remember them
(or of course the old example of the westerner’s dufficulty m
recogmizmg a particular Chinese face, before he has seen many
Chinese) Learnmg to name Pan, Jack, Frank, Don, and so on,
makes cone later able to name a new clumpanzee, Balt, much
more quickly. The exposure to a number of mndividuals sets up
some sort of conceptual type, from which individual deviations
become very noticeable.

This sort of facilitation m learnmng seems quite general, par-
ticularly m what can be called mtelligent (as distnct from
rote) learnmg, with meaningful material That suck a facilita-
tion affects intelligence-test scores was the only mterpretation
that seemed possble of certan aspects of behavior following
brain mjury, or m old age (Hebb, 19422) In a later chapter
1 shall present evidence showmng that the behavior of the blind
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rat 1s permanently changed by earlier visual expemences. Jack-
son (1942) and Bureh (1945) have independently shown an
mfluence of expenence on the msight of young clumpanzees
Birch has made 1t clear that this does not reduce msight to rote
learnmg (thus Kohler's classificaion of behavior retams its
value), and yet msight depends on the earlier experience,

How then does the earher expenience work? In the very fivst
stages, to judge from Riesen’s experiment and the matenal
brought together by Senden, it operates to establish the per-
ceptual elements discussed 1n Chapter 5 These are the enhtes
that make up more complex perceptions Orgamzmng such ele-
ments m the vanous sense modes would lay the foundation of
all later responses to the environment. Secondly, there is a
period of establishmg simple associations, and with them con-
ceptual sequences—the period in which meamng first begmns to
appear Fnally, the learming charactenste of the mature ammal
makes 1ts appearance

Thus later learning 1s essentially conceptual Even m the rat,
maze learnmg requires the notion of the stmulus as acting to
arouse conceptual activibies, which 1n turn control motor actvity
{Lashley, 1944, Tryon, 1939) In man the conceptual actwvity
has an even greater and more obvious role. There have been
a number of attempts m psychology to treat language theoret-
cally as a collection of conditioned reflexes, specific shtmulations
directly controlhing specific responses. But consider such peculr-
arties of human learning as the followmg,

Certam features of the development of language in small chil-
dren are very mstructive. With opposites such as up-down,
back-front (of a house), m-out, or left-right, a very mteresting
confusion can be observed m some children at about the age of
two to four years. (Some doubt about left and right, of course,
is often seen 1n adults, while other opposites, such as hot-cold,
or black-white, never seem to give any particular trouble.) The
confusion of up 18 only with 1ts opposite and never with “m” or
“back™ 'This means that the word has first acquired an asso-
ciation with a definite, Imited set of conceptual coordmnates,
The confusion, when 1t 18 gbserved, may last for months, In
this period the word up has its prompt, clearcut assocration
with the vertical dimension, but no associabion with a particular
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motor act such as ramsing the hands or looking upward at sky
or celling With such facts, it becomes nonsense to explamn
man’s conceptual development as exclumvely consishng of
verbal associations. X '

The relationship of (@) stimulus, (b) central activrty or con-
cept, and (¢) motor response is clearest m the notorious duffi-
culty of choosing between left and right, to be observed by any-
one who tnes to teach twelve-year-old chuldren to “nght tum”
promptly on command. Here we have a definite aud:tory
stimulus, the word right, and a defimite motor act to be asso-
caated with t. One might expect the assoctation to be mmme-
duate, or at the very least to be set up as a condiboned reflex
in a few trials—the more so since the child has had some such
framing since infancy, But we know that this does not happen;
the discrimmation 15 certainly much barder to make than that
of up and down, and this 1 turn harder than black and white
The child can very readily learn at the age of three that “nght”
and “left” each refers to a side of the body—but ah me, which
one?

Here, in the discnmination of right and left, is the real
paradigm of adult learning What 15 set up first 15 a conceptual
organmzation. By the age of six the word “nght” clearly and
mmmediately means sidedness to the child, A considerable con-
ceptual elaboration has already occurred, and the shmulus effec-
tively arouses that structure, but it arouses no prompt, specific
response The response may come later, but for long 1t remains
vacilating and unpredictable.

Consider agam the role of analogy in human thought, and
the figures of speech that betray it even 1n scientific work., The
pons and {sland and gqueduct of cerebral anatomy, the wave of
sound and cycle of sunspots m physics and meteorology; the
rise of the blood-sugar level, and the lmen of sumulation in
physiology—all these are as enlightening, concerning the nature
of learning and intell;gence, as the child’s confusion of left and
nght Such figures of speech are at the very least an aid to
memory, even When jt has a totally new reference, the famihar
term 15 more easily recalled than 2 neologism Usmg it 1s
therefore more than an economy of language The underlymg
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analogy with something known already 15 an economy of thought
as well, an economy of effort m learming and understanding,

Ths fact 1s at the least surprising, since exactness of meaning
13 essential to scientific thought, and since the laws of learning
as we know them would suggest that there must be a consider-
able interference between the old meaning and the new one
given to a familar term, That 1s, there should be mterference
unless terminology corresponds to thought and the new concept
ts only a modification of the old.

The worker 1m the laboratory does not merely report and ex-
pound by the aid of analogy, that 1s how he thunks, also The
atom was once a hard little round particle, or later one with
hooks on 1t. Recently it was a solar system. The classical dis-
pute of physics about the nature of light was really askmg, Is
Lght like a shower of pebbles, or hke npples m a bathtub?
The ultmete answer, Both, was one that was hard to accept
Why? Because it fitted into no pre-exishng conceptions, waves
are waves, and pebbles are pebbles—there 1s nothmg m common
experience that has the properties of both We know well that
scientific thought travels by short steps, the mdividual thinker
never gets much in advance of his fellows, and his 1deas are
born of existing ideas. A new conception, ke Woodworth’s
“schema with correction,” must be maimnly composed of earher
ones New learming 1s facilitated by old

But, as the lustory of the theory of light suggests, it may be
hirmited or canalized as well 1 have used the analogy of an
apprenticeship, n visual learning. Now an apprenticeship in
one trade may help in another, but not as much as the one di-
rectly studied. It 15 not just any learming that facilitates any
other learning at matunty

Nissen, Machover, and Kinder (1935), for example, have
shown how the visual learning of childhood may be selective 1n
1ts later effects West African natrves made low scores on form
boards, in an mtelligence test In thus sort of test the subject 1s
asked to fit a senies of wooden blocks with simple geometnical
shapes into holes with the same shapes, as fast as he can In
conversation, Dr Nissen has made the point that the low scores
were not due to slowness of movement, but to a slowness
identifymg shapes—a slowness of perception,
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At the same time, he found himself ust as mnferior in seemg
things 1n the bush that seemed completely obvious to the na-
tive. Suppose now that a natve and a city-dwellng, scientist
were shown the trail of a new ammal in the same habtat.
though 1t 1s strange to both, which would remember 1t better,
and be eble to recognize 1t on a second occasion? What a na-
tive could learn from a text on geometry, or what one of us
could learn about followmg a trail, must be far more a function
of pre-existent learmng than of the mhented propertes of our
respective brains

It 15 of course a commonplace that the experiences of child-
hood have a permanent effect on one’s attrtudes, mterests, and
even abilites Lorenz (cited by Tmbergen, 1942) has demon-
strated the effect expermentally in birds With mammals,
everyone knows that tamng 15 easiest m mfancy, with a lasting
effect The gun-shy dog, conversely, 1s an example of a lasting
falure of emotional adaptaton though the disturbance need
not be set up m wnfancy, 1t does demonstrate an mtractable
effect of a first experience. Hunt (1941) has shown an effect
of early hunger on later hoarding by the rat. As to abihities or
mtelligence, 1t 15 now generally accepted that races and peoples
cannot be compared 1n hereditary endowment, since low scores
may be due to cultural background That the level of problem-
solving at matunty, then, may be permanently influenced by
childhood experience 15 an accepted psychological prinerple,
despite a certam mconsistency of the theonsts who think that
the Negro's low 1IQ is to be explained so, but seem to have for-
gotten that the poor white’s may be m the same class

To this pomt we shall return, in discussing the nature of in-
telbgence Here I have attempted to define the general rela-
tionship of first learnmg to later learmng, m terms of the be-
havioral evidence Let us now turn to the physioclogical proc-
esses that must explamn the relationship as well as the peculian--
ties of primary or aborigmal learning

THE STAGE OF PRIMARY LEARNING

Among others, the preceding discussion has raised the problem
of explanmng the greater meffictency of early learmng m hugher
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species. To deal with it, we can return to the schema of per-
ception and reparr a dehberate omission The schema made
almost no mention of the spontaneous finng of the association
areas of the cerebral cortex. Taking thus mnto account, a ques-
ton 15 raised that has really wide sigmficance For the moment,
1t can be put mn this form In what circumstances can one sup-
pose that a stimulus will have the same central effects on two
different occasions, so that cumulative learning 1s possible?

1t has already been said that an afferent excitation does not
arouse mactve tssue but feeds mto an activity that 1s elready
going on A constant net result, when a stimulus 1s repeated,
requires some constancy m the spontaneocus activity in the asso-
ciation areas upon which the afferent actvity impmges. The
perceptual learnmg that has been schematized in the preceding
chapters depends on some consistent central action of a repeated
stumulus. We need not assume a constant pattern of the back-
ground activity, at all times, to satisfy the schema, but 1t does
demand at least a frequent recurrence of the same pattern. Ths
15 necessary if the stimulus 1s to have a cumulative achion and
build up the “assembly” of cells that conshtutes the first learning,

In the answer to this problem hes an explanation of the slower
first learning 1 higher species and, indirectly, as we shall see
m later chapters, an understanding of some of the problems of
motivation and emotion m the half-grown or full-grown animal.

There seem to be two man factors that would make for some
consistency m the actvity of the association areas at different
tmes One can be referred to as an mtnnsic orgamzation, n
that activity, the other 1s the steadily increasing influence of the
mmfant’s environment.

The wirinsic organization of cortical activity is so called be-
cause 1t 1s opposed to the organmization mmposed on the cortex
by sensory events. It appears at birth ® n the large slow waves

* 1 g, it is "mnate”, but it may or may not be unlearned. There are two
possibihties (1) that there are pacemakers which are inherently such as
to dommate other neural cells and produce the synchronous finng, end (2)
that the synchrony is “learned”—estabhshed in uterc as a result of the
neura] actvity riself The comparatively slow change of the infant's EEG
toward the adult pattern, and the lack of any sharp dscontinuty between
the two extremes, suggest the second mterpretaton Supposmg that the
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of the infant’s electroencephalogram, and in the sleep or coma
of older subjects, At birth, that 13, the intrinsic organization 18
completely dommant, m psychological development its domu-
nance decreases, but 1t continues to recur periodically, generally
in 2 dmrnal thythm, Its behavioral correlate 15 a heightened
hmen for sensory stmulation and a marked absence of the per-
sistently directed activity that we call voluntary and purposeful.

This does not mean that there is any sharp lme that divides
infant behavior, or sleep, from the behavior of the wakeful adult,
1t does not mean, erther, a2 hard-and-fast disinction between the
corresponding EEG’s But there appear to be two extremes in
the organization of cortical activity that correspond exactly with
the two exiremes of learning asbihty discussed in the last sec-
tion. One 15 established early, mterrupted rather than sup-
ported by a varned sensory activity, once the alternate orgamiza-
tion begns to appear, manifested by large potentials in the
EEG, and correlated with an machwity of the musculature or an
aimless, undwected activity and a slow and mefficient learning

firing of central cells 15 onginally at random, the synaphe changes discussed
earlier would lead to an mcreased coordnation of finng and the estabhsh-
ment of massive self-exaiting systems These mught be comparatively
sunple closed cirewts at first but would tend to steadily recrut other cells
and later other ercats  This 13 the “growth™ referred to in the discussion
of perceptusl development (p 76) Without the constant sensory disturb-
ances resultmg from the motor actwity of the walang animal, the growth
would make for local integrahon, and hypersynchrony, with them, the m-
tegration 15 in anatomucally didffuse systems and reduces local synchromza-
hon

This discussion makes a good deal of the electroencephalographic evi-
dence as the most direct mdex of physfological orgamzation in the normal
living brain It 15 wise to recogmze exphcitly, however, that the index 1s
a very rough one 1 have treated the slow waves of the mfant’s EEG, and
those of adult sleep and coma, as having the same meaning  Appavently
they may have, m one respect 2s idicating a local synchrony of finng m
corical neurons {see the assumphbon made earher, p 8) But mn other
respects there may be sigmficant differences Indeed, there must be, and
foture developments in electrnical recording may reveal them For the
present, the important thing 15 to see that there 13 in one respect an den-
tity of cortical activity i infancy, sleep, and pathological conditions which
is at the opposite extreme from that of the normal wakng adult, as seen
both in the electneal record and in the presence or absence of sustained
purposeful behavior
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The other 1s slowly acqured, dependent on a constant change
of the sensory wflux for its mamntenance for any period of time,
produces a flattened, uregular EEG, and 15 the precondition of
the normal adult waking behavior and the adult level of learning

Note that what 1s discussed here 15 a vanation of organized
activity 1n the cortex In the later discussion of fear and neu-
rosis the notion of a disorgamzation will appear, producing
nerther quetude nor purposeful activity but incoordmation and
autonomuc activity Intrinsic or promtive organization, and dis-
organization, are to be dishnguished

Agamst the background of the mtrimsic orgamization, the in-
fant’s first visual learnmg could proceed steadily, although
slowly, with no disruption If the first sensory excitahon feeds
mto an orgamized activity, where cells are firmg rhythmieally m
large populations (which I asstme is what the large waves of
the infant’s EEG mean), the argument of the schema can still
stand, although visual learning must be slower than if the cells
of area 18 were always ready to be fired, and never refractory,
when an mmpulse amves from 17 The only change m the
schema 1s to show still another reason for the slowness of first
learning m the hagher primates,

At the same time, an explanation of the difference from lower
species appears The process of perceptual learning must be
thought of as establishing a control of association-area activity
by sensory events The larger the association areas, both abso-
lutely and relative to the size of the sensory projection areas,
the slower the establishment of such a control must be and the
less ngid and more complex its final form.

Let us suppose, as we safely may, that the principles of cen-
tral orgamzation i other sense modes do not differ from those
of vision, Anatomical differences 1n the various sensory systems
may affect the complexity of discrimmation, fineness or acuty
of discrimination, and so on They may lead to a greater rela-
tive mmportance of temporal mtegration m one sense and of
spatial m another, as 1 hearmng and sight But these ana-
tomical differences do not mmply different principles of central
neural mtegration m sight and hearing, or mn touch and smell

Our problem essentially 1s to see how a particular sensory
event can have the same central effects on different occasions
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despite spootaneous central activity If we conclude with
Adnan (1934) and Weiss {1941a) that the unstimulated neural
cell must eventually fire spontancously, we must also accept
Adran’s conclusion that this cannot happen in the cell that is
exposed to persistent bombardment. As long as the receptor
surfaces are being stimulated, therefore, the sensory projection
areas of the cortex must rematn completely and constantly under
environmental econtrol

Also under control are the fibers that lead from the sensory
areas mto the association areas According to the schema of
perception, this control 15 extended gradually, synapse by syn-
apse. Considermng the associabon aveas as made up of a popu-
labon of trapsmussion umts, two factors must affect the length
of time needed to bring all these umts under control One 15
the number of controlhing fibers leading from sensory areas mto
association areas The second 13 the number of transmission
umts in the assoctabion areas themselves,

With cortex of a gwen size, these two factors may be con-
sudered to be roughly proportional to the size of the total sen-
sory cortex, and the total association cortex. It then follows that
the length of the pnmery learning period will be roughly pro-
portional to the ratio

total association cortex
total sensory cortex '

which ean be called the A/S ratic The sentory projection
areas are directly under environmental conjrol, and if they are
large, with respect to the assomatwon areas, and so project a
large number of fibers mto the association cortex, their control
should be quickly estabhshed If the sensory projection 1s small,
asspciation cortex large, the control will take longer, the penod
of “primary learning,” that is, will be long,

But we may have to consider a Further factor. With the same
A/S ratio, but with different absolute size of bram and a larger
absolute number of transmission units in the associahion areas,
it seems that the larger brain might also make for slower first
Jearning A larger number of transmission umis means a greater
vanability 1n the spontanecus activity of the associabion aress,
as well as a larger number of synaphe junctions over which
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sensory control must be extended It will be recalled that the
synapses i question are not the mmunum number through
which an afferent excitation mught concervably reach the motor
cortex. We are dealing with recurrent circuits and complex
closed systems. An absalutely greater number of transmissigr
umts in the assoczabion areas would probably make for greater
variability m early spontaneous achwity and a greater ultmmate
complexity of organmization. Both ymply that & sensory control
might be established more slowly in a larger brain, even with
the A/S ratio constant,

The sensory projection areas are widely separated in the bramn,
almost as if to maximize ther influence Orly in the Irontal
pole in primates (and to a less extent m the temporal pole} i
there cortical fissue that s far removed from a sensory projec-
tion area. We can then regard the stage of primary learming os
the period of establishing a first environmental control over the
association arens, and sa, mdirectly, over behavior. With this
proposiion we have at once an explanation of the slowness of
the first learning m prunates, in which bram and A/S ratio are
larger, and of the ultimate level of the primate learning capacity.

The rumerical aspect of this fraction cannot be stressed, smoe
presumably there are other factors of finer neural anatomy, of
metabobism, and so on, to be taken mto account It may be
suggested, however, that the size of association cortex, and the
A/S ratio, when these can be expressed in terms of cell counts,
may provide the basis of a better morphological mdex of the
Jevel of behavior than the bramn-weight/body-weight ratta. This
of course 1s not testable at present. No cell counts are avail-
able, and psychology has so far found few satisfactary compar-
sons of wmntelhgence as between different species. 'We have not
even any exact data on the gross size of the sensory cortex
different species.

But, for widely differing phylogenetic levels, a hierarchy of
“mtelligence” (or psychologcal complexaty McBnde and Hebb,
1948) can be assumed, which corresponds to gross differences
{1} wr s1ze of the cerebrum, or (2) mr the proparton of afferent
to mternuncial neural tissues. In the lower vertebrates, the
cerebrum 15 small, and the afferent systems are massive mn com-
panson with the mterpupcial. Withm the mammaliar senes,
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there are differences both of absolute a2nd relative size of asso-
cration cortex which may be assumed (in the total absence of
any exact data) to have a relevance to the greater speed with
which the “lower” species can learn to respond selectively to the
environment, and to the comparative simpheity of the behavior
when 1t 15 fully developed.

These anatomical considerations draw attention to another
point. The learning ability of higher species at maturity 1s not
merely the capacity for a greater number of associations or for
associations that involve finer sensory discnmmations, The be-
havior also shows a less direct control by the stunulus of the
moment, from the immediate environment In larger association
areas the central phase sequence can be more complex+ 1t must
stll be orgamzed and ultimately controlled by the relatively
smaller sensory projection areas, but the phase sequence can
escape the direct control more frequently and for longer periods
The possession of large association areas 1s an explanation both
of the astomshing meffictency of man's first learning, as far as 1m-
mediate results are concerned, and his equally astonsshing effi-
ciency at maturnty,

MECHANISM OF ADULT LEARNING

The question has been raised as to how, if the association
areas of the bramn have a continuous and vanable activity, a re-
peated stimulus can have the same central effect on separate
occasions, to make cumulative learning possible The question
was answered for the infant, and the answer helped to account
for the slow first learming of higher species It can now be
answered for the adult

Fortunately, 1t 1s no longer necessary to account for a cumu-
lative effect of stimulation that 1s supermnposed on an snde-
pendent activity of the association areas (fortunately, because
this activity must be extremely varable m the waking adult)
The learning occurs when the events to be associated can
already command organized tramns of cortical activity, i other
words, when the environment has a control of the association
areas that can be repeated, so that the central achvity 1s not at
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random and the stunulation cen mpmge on the same central
pattern when the trammng situation 1s repeated.

1 have made 1t an essential condition of learming that two
central events occur together, The reader 1s remmded, how-
ever, that this 15 not always a sufficient condion In discussing
the question earher (p 77), I considered the probability that
two systems would acquire an interfacilitaton by being active
at the same time The systems referred to, at that pomnt mn the
development of the theory, were newly orgamzed ones, and the
question was of the first association of one system with another
durning primary learmng The conclusion was that the ease of
association must vary greatly, even when the two systems he
intertangled m the same gross region of the bram They might
promptly coalesce, at one extreme, or might, at the other, fail to
do so despite often being active at the same time, over a long
pennod It was concluded also that the larger the system the
greater the probability of its estabhishing an effechve inter-
facihitabion with another—provided that the two are well organ-
1zed, so that arousing part of one will arouse the whole

But we are now interested i the associations formed at ma-
turity, between much more complex processes Learning at
matunty concerns patterns and events whose parts at least are
famliar and which already have a number of other associations.
This changes the problem considerably It means that the
learning 15 not an association between totally unrelated proe-
esses. It must concern a complex of cell-assemblies, and elabo-
rate phase cycles {in the jargon of my schema}, and amounts
to a strengthenng of facahtations, not a settmg up of new con-
nections between wholly unrelated activities

The characterishe adult learmng (outside of psychological
laboratories) 1s learning that takes place m a few tnals, or mn
one only It seems always to mvolve a recombmation of fa-
mihar perceptions and familiar patterns of movement Thus
one can typically remember a new name when given name and
surname are already famihar, or a new face when 1t 1s one of
a racial group to which one has long been exposed. Vary these
conditions, and repeated effort may not do the tnick. Complicate
the problem even by requining that the new name and new face
be learned smmultaneously, and the difficulty 1s mcreased, it 19
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usually overcome only by repeating the name and locking at the
face a number of times 10 a short interval So adult learning 15
typically an mteraction of two or perhaps three organized activa-
ties, being orgamzed, they are capable of a continued existence
after cessabon of the shmulation that set them off, which gives
time for the structural changes of permanent learning to take
place For the theory being developed, a prompt learning 18
possible when the stimulation sets off well-orgamzed phase se-
quences, but not otherwise. This orgamzed actvity of the asso-
ciation areas 1s subject to environmental control To the extent
that the control 1s effective, and re-establishes the same central
pattern of activity on successive trials, cumulative learning 1s
possible,

Adult learning 1s thus a changed relationship between the
central effects of separate stunulations, and does not directly
concern the precipitatmg stimulus or, prmanly, the motor re-
sponse whose control 15 mbedded m the central activaty

The same conclusion 15 reached from another approach. Ex-
peniments on learning have shown agam and agamn that the
nonsense syllables tob, del, rec, til, and so on, are harder to
memorize than the more complicated rmtems tobacco, dehghts,
recommend, and heartily, and still hardertthan the sentence
“I recommend the delights of tobacco hearhly” The event
with meaning 18 best remembered, moreover, 1t 1s the meaning
that 1s remembered rather than the specific strmulation that
aroused meaning (McGeoch, 1942) That s, the central effects
of sensation are what enter mto an association, rather than the
comparatively smmple sensory event itself This seems especially
true of the most efficient learnmg—the kind that 1s established
most easily and persists longest.

Such learning may be diagrammed as m figure 14, where each
circle represents a conceptual achwity 'The concept of an ob-
ject or place 1s an wregular cycle, each phase of which 1s the,
activity of a cerebral cell-assembly If 2 large enough part of
this phase cycle 1s aroused, the whole becomes active. Thus m
figure 14 the concept A was ongmally orgamized by an nter-
action of hearing, touch, and vision  Once organized, 1t may be
aroused by hearing alone, or perhaps by hearing and touch, but
the essental association between A and B, resulting from simul-
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taneous activity, would be the same whether each was aroused
by wvision, or whether onc was aroused by hearng and the
other by touch.

In this way learning may be “free” of any particular sensory
cues (Tryon, 1939) The rat may learn a maze by the aid of
cues from wvision, smell, touch, and kmesthesis; the maze once

c

Hearng < Vision

Touch

Yision

Frieunz 14 A and B represent two conceptual achvities C, C, possible
conpechons between A and B These are not stmple closed neural cirewts,
nor even the more complex “assembhes,” but “phase cycles” systems of
assemblies whose several activihes are temporally integrated and tend to
recur m an wregular cycle 4 was ongmally orgamized by auditory, tactual,
and wvisusl shmulahon (that is, it mmvolves assemblies in each of these
modes), B, by visual and tactual shmulaion When these cycles are well
orgamzed, therr achvity may be fmtated by part of the onginal stimula-
tion—A for example by heanng, touch, or vimon When A and B are
simultaneously active, they may acquire an interfacihtation which 13 dia-
grammatically represented by € and C. The learning is independent of any
particular shmulation, the associabon might be set up by two visual shmu-
lations, but be manifest later when A 13 aroused by heanng, or B by touch

having been learned, any of these cues may be disturbed or re-
moved, but the learming persists and utihzes those that remamn
We shall see 1 a later chapter that the behavior of the bhind rat
15 permanently affected by his having had vision durng the
penod of development. The rat blinded at maturnity solves cer-
tamn problems that rats blinded at birth do not The properties
of the concept A (figure 14) depend originally on wvision, but a
rat might be blinded, after A had been developed, and stll re-
tam the concept as one that can be aroused by heanng and
touch alone,

Now as to the mode of association between two such con-
cepts The two neural sbuctures may have enough chance ana-
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tomical convergences (Chapter 4) that a direct mterfacihtabion
15 established. Thus 1s represented (still quite diagrammatically)
by C, C m figure 14 'Then, even though the shmulation argus-
mg A and B is bnef, they may continue active long enough for
synaptic knobs to develop The result would be one-tnal learn-
ing, mvolving two separate neural systems

But thus, it seems, 1s unhikely When new connections are to

0)

Fioure 15 To illustrate the possibihty that a subsystem, C, may act as a
Ik between two systems (conceptual complexes) One concept 15 repre-
sented by A,, A,, and C, the second by B,, By, and C The two systems
have a subsystem, C, in common, to provide a basis of prompt associahon

be set up, as in figure 14, 1t is probable that a number of tnals
would be necessary, and the diagram 1s best considered as rep-
resenting rote learning  The facts already discussed have mdi-
cated that one-tnal learning occurs only as the associaton of
concepts with “meaning”—having, that 1s, a large number of asso-
ciations with other concepts. Figure 15 diagrams another pos-
sibility, which can be given more weight. A percewved object
consists of a number of perceptual elements (p 83) The same
elements recur in different perceptions, so that two concepts to
be associated may have phases (assembly actions) in common.
These would be ready-made links, needing only to be strength-
ened to establish the assomation

But more the perception of an actual object (that can be seen
from more than one aspect, and touched, heard, smelled, and
tasted) involves more than one phase cycle It must be a hier-
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archy: of phases, phase cycles, and a cycle or senes of cycles.
(“Cycle” 1s-of course temporal: referrmg not to a closed ana-
tomical pathway but to the tendency of a senes of activities to
recur, uregularly ) The two 1deas or concepts to be associated

.,_\ ~
f""\ {  o—
\\ ) \_,1,’ N

Frcune 16 Diagrammmg in another form the same prmclple as In figure 15
The complexes A and B are sensorly aroused at the same tme Schd
curcles represent systems that are rehably aroused, broken arcles, ones that
are facihitated by the achwity of adjacent systems, but not rehably aroused
by them That 13, the “bringe” systems X, Y, Z, C, and so on, receive a
facalitation from A which 15 often not sufficient to arouse them, which ones
are active will depend on preceding activity 1n the tissue and aceidents of
concornitant stmulation  The complex C might or might not be aroused as
a sequel to A, or to B, but when both are active simultaneously, C 13 more
blely to be arcused. Thuy the subject associates an object B with the ob-
Ject A, because both are asscciated with something else, C+ a farmbar tnck
m memorizing hsts of words or nonsense syllables in learning experiments
But the processes A, B, and C all occur wathin what 15 grossly the same
tissue, not spaced as m the diagram, and when by virtue of G's actlvity A
and B are persistently actve together, they may slowly bmld up 2 dwect m-
terfacilitation—so that C can drop out eventually, leaving A linked to B
directly, by a short-circmating,  (Woodworth, 1938, p 34, McGeoch, 1942,
p. 166)

might have, not only phases, but one or more subsystems m
common. This 1s suggested by the diagram of figure 15 It
should provide an even more effechve link Such a mode of
association 15 possible only between complex systems, and 1t may
be recalled agam that a complexity of meaning 18 more readily
remembered than a simpler perception without meanmg,

The same general principle 1s mvolved i figure 16. This
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represents the fapuhar fact that a subject required to learn
pars of words with no obvious relationship will mvent relation-
ships, and will lumself supply extra terms in domg so. The
subject trymg to associate conceal with above may do so by
thmking above = crxLmNnG—conceal, or with marble-punish, may
thmk of being punished For PLAYING marbles ror xeeps (Wood-
worth, 1938). The subject 1s making his task more complex
when he chooses to remember three or four terms imstead of
two, but he also makes it easier. Thus figure 16 shows how two
concepts A and B may be associated if a thurd one (C) 1s aroused
to which A and B are already related

The prompt learning of maturity 1s not an establishing of new
connections but a selechive remnforcement of connechons already
capable of functioning Observe, however, that this account
differs from traditional association theory n at least one respect,
which 1s of the greatest importance for applymg the theory to
the results of experiment Two concepts may acquire a latent
“association” without ever havng occurred together in the sub-
tect’s past experience. Although the “association by simlanty”
of older theory recognized this fact, the explanation seemed to
depend on the 1dea of 1dentical sensory elements The present
theory suggests that the 1dentical elements may be conceptual
rather than sensory, that 15, two things may seem symlar with-
out excihing the same receptors.

The concept A 1 figure 16 1s capable of arousmg, or facili-
tates, C, but the facilitabon may be from one of the subsystems
of A on a subsystem of C, so that A and C need never have
been active together at any earlier time. Or, as m figure 15,
two systems may coalesce promptly because of having a sub-
system m common. It seems likely that something of thus sort
1s the explanation of the happy figure of speech, wihich hnks
two sets of ideas not previously associated the more unhke
they are, superfically, the more effechive the figure, and yet 1t
158 effective only because something about the structure of the
two 1deas 1s the same (For examples of such paus of ideas,
the reader may consult the discussion of scientific analogies
earher mn this chapter )

My treatment of learning here 1s tailored carefully to the
expermental facts, but 1t also follows naturally from the ongmnal
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neural schema. At this pont, ;n the emphasis on pre-existent
associations m learning, we have come to a classical problem
that we can examine a hittle more closely. the meaning of “mean-
mn

gThe implication of the precedng paragraphs is that a concept
is not unitary Its content may vary from one time to another,
except for a central core whose activity may dominate m arous-
mg the system as a whole To this dommant core, :n man, a
verbal tag can be attached, but the tag 1s not essental,® The
concept can funchion without 1t, and when there 15 a tag it may
be only part of the “fringe” sometimes aroused with the dom-
nant subsystem, somehmes not The conceptual actwity thaf
can be aroused with a himited shmulahion must have its organ-
1zed core, but 1t may also have a fringe content, or meanmg,
that varies with the circumstances of arousal

Thus 1n figure 16 the activity of A may be accompamed by
the activity of X on one occasion, or of ¥ and Z on another
Which will happen 1s not mdetermmate, but depends on the
excitability of each subsystem at the moment, and on the facih-
tation from other concurrent sensory and central activities,

Now consider the subject learning a list of words again  Fol-
lowing cne train of thought, 1n which an activaity ocemrred which
facilitates achvity m C (figure 16), the occurrence of A and B
(also facilitating C) leads at once to the sequence A-C-B On
another occaston, A and B at first might have excited no common
system In such circumstances, the subject would look at the
words, “think™ about them (that 15, A and B are persistently
active, with a varymg fringe achwity), until the facilitation on C

® It seems hkely that there is a great deal of conceptual actvity that is
unreportable (and so “unconscious”) 1 human thought above all, in what
can be called intuihve judgments { Hebb, 19482) Despite reliable end pre-
dictable verbal responses in the recognibon of emotion, for example, a sub-
ject may be quite meapable of saying what considerations deterrmned Ius
choice of terms There may, consequently, be concepts 1n man that do not
have a verbel element, just as there are 1n amumals On the other hand, it
seems gquite clear that many concepts are fundamentally and essentally
verbal—the “core” 15 8 word or other symbol, without which the concept
could no longer be an element 1n thought (funchon sz a neural system)
If we recognize, first, that there are nonverbal concepts, we must recognize
secondly that some concepts are verbal only
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from some one of the fringe activities suddenly becomes lmmmal,
and the relationship A-C-B 15 “percerved ”

Ewidently such changes are what has been called, in the psy-
chological Literature, 2 “restructurmg” of thought, and the sud-
den activation of an effective link between two concepts or per-
cepts, at first unrelated, 1s a simple case of “msight” (p 158)
This 15 a tope that will be discusseg,more fully 1 the followmg
chapter The mechanism of theSudden perception of new re-
lationships 1s, I propose, the one that has just been discussed, m
1ts simplest form.,

This account does not, however, sufficiently recognize the or-
“derly, directed, persistent feature of the phase sequence that
leads to msight. a problem that presents major difficulty (Hum-
phrey, 1940), and 15 considered m the following chapters m the
treatment of attitude, motivation, and pleasure For the present
theory, msight 1s a “chance” combmation of facilitations from
different phase sequences; but thus 15 chance only m a hmited
sense, and given phase sequences that persistently return to a
certamn conceptual activity (motivation to solve a problem) the
ultinate occurrence of 1nsight may be quite predictable. What
may not be predictable 1s just when the occurrence will take
place, and this of course agrees with the facts of behavior.

L

MAZE LEARNING

Having considered how a certam kind of human learming
might occur, m which the subject given one word must repro-
duce 2 second, let us next see how the theory of phase sequences
and “concepts” can be apphed to the learning of a rat 1n a maze

Suppose that we have a simple maze with a starting pont A,
three choice pomts B, C, and D, and a goal E As the rat runs
the maze correctly, the environmental or sensory sequence would
be A, B, C, D, E The phase sequence determming such & run
cannot be so simple, because of the central facihtation that may
arouse a conceptual activity m advance of its sensory arousal
(“expectancy”), and equally may arouse the concept of-a pomnt
that has elready been passed (“recollection”)., This can be dia-
grammed as

A-e-b-B—gq—o-C—-+-E
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where the small letters represent centrally aroused complexes
(cach corresponding to the recogmition of a point m the maze),
and capital letters represent semsorily aroused ones, or actual
perceptions

The existence of the procurrent 1tems m the sequence above
15 both an mference from the neural schema and a reasonable
mference from the hlerature on expectancy The recurrent
item (a following B) 1s mamly an wnference from the schema,
but 1t 1s suggested also by the backtracking done by sophist-
cated rats m a simple maze

In a long and complex maze, with unsophisticated rats, re-
tracing 1s usually thought to be simply an error, part of the rat’s
effort to reach food as quickly as possible But in the method
of testing intelligence described by Hebb and Williams (1946),
the rat often acts in a way that suggests something different.
After reaching the food box the ammal may turn and explore a
blnd alley, or retrace the entire maze (sometimes without a
single error) His return to the food box 1s usually at a higher
speed than the first part of the run, and he eats enthusiastically—
on the second time of reaching food Behavior 15 determined
by the central phase sequence, and this means that the sequence
15 recurrent as well as anbcipatery., Similarly, “mental back-
tracking” 18 reported by the blindfold human subject learning a
stylus maze (Woodworth, 1938, p 143)

Also, when one 1s finding one’s way through an unknown city,
or by compass through the deep woods or at sea, one has a con-
tinual awareness of the supposed direction (1) of the goal and
(2) of the earher route, though the apparent direction of either
may be quite wrong There are mdications 1 both ammal and
human behavior that learming depends on setthng up a unifica-
tion of the total situation even when 1t cannot be surveyed as
a whole It 15 not necessary for the learning that an accurate
picture of the situation be achmeved (Brown, 1932), only that
the goal-concept dominate the phase sequence, and that each
particular complex 1 the sequence corresponding to a correct
run rehably evoke the next complex, with the resultant recogm-
tion of the direction of the next choice pomnt

As an illustraton when dnving to the neighbormg city, 18
miles away by a winding route (on a modern highway, that s,
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on whch all the turns are very gradual), I persistently feel that
the part of the highway on which I am at the moment leads
nearly siraight toward my objechve. When a bend m the road
approaches, the apparent direchon of the city changes, each
turn 15 remembered, nconsistently, as a turn toward the goal,
except when two turn: close together I am unable to hst
all the dufferent segments of the route from memory, in the
nght order, all I can do rehably 1s make the night turns at the
right time

This proves nothing, perhaps, except that I am easily confused,
but 1t illustrates the point that a series of correct responses can
be orgamzed mto a smooth sequence under the influence of a
goal anticipation without requiring that the subject (whether
rat or man) have any accurate or detailed image of the total
sttuation  The phase sequence determmmg such bebavior need
not be so well organized that 1t can run off complete without
sensory support. As I start dnving, it consists of little more
than an awareness of the startng pomt, the goal m a certam
direction, and the next distinctive pomnt m the route.

How 1s the sequence established? It will be clear, from the
facts reviewed 1n the early part of tlus chapter, that the half-
grown or adult ammal comes to his task with an elaborate con-
ceptual orgamzation ready made, and that the leaning 1s a
modification of this to fit the particular properties of the new
sihuahon Before one can attempt anything Iike an explanation
of adult learnmg, therefore, it will be necessary to find out
much more about the ontogenetics of behavior. The expen-
ments reported in the followmg chapters hardly amount to a
beginning at thss task, until they are carried much further a dis-
cussion of the details of maze learning must be speculation only
The expenments referred to suggest, for example, that much of
a rat’s learning to run a maze is done 1 his home cage, before
he ever enters the maze at all 'What I propose to do here and
in the following chapters 1s outlme the approach that 1s 1m-
plied by the theory and define the problems that it rases for
rese

One of these problems 1s the development and control of
hunger. Expenmental evidence presented later (p. 193) indi-
cates that there is an important element of learnmg in hunger,
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It 15 not always enough to have an ammal lack food mn order to
get hum to eat At the same time, the analysis of the control of
eatmg made by Morgan (1943) shows that no simple learning
formula will provide for the known facts This problem, then,
must be Ieft to one side for the present Assume here that the
foundations are laid, the rat put into the apparatus will eat food
when he finds it, will move about until he does find 1t, and has
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Figure 17 A simple maze problem, the simplest of those used m the
method of testing rat intelligence, that 13 bnefly described in Chapter 11
S, starting box, F, food, A, B, C, D, pomnts 1n the maze The hne C-D
representy the single bamner used 1 this test problem, in the preceding prob-
lem, four barriers, differently placed, presented the rat with a more difficult
problem.  Crossing the broken line conshimtes an “error”™

become used 1 prehmnary training to the general situation and
has orgamzed his perception of room cues, the remote objects
that determine perceived posihon (p 92)

With a simple problem such as that of figure 17, one of those
used m a rat “intelligence test” (Hebb and Williams, 1946),
learning takes from 1 to 5 tnals  In this method the food box 15
always m the same place, but there are movable barmers that
are changed for each test, so the rat 1s used to finding food by
a different route each day. With the problem shown, a bright
rat 15 hikely to enter the error zone BC once or twice, and then
make no more mistakes, followmg the route A-D—F consistently

At the pomt A, the rat's behavior on the first tnal 1s deter-
mined by lus experience with preceding problems. He has
sometimes found food by gomng toward B followed by a mght
turn, sometimes toward D followed by a left turn, and always
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in the general region of C and F. At A, accordingly, the phase
sequence 18 vanable (umque at any one moment, but changing
from one moment to another as “meaning” varies—p 133). With
each phase sequence, there 1s a selective mfluence on the motor
system, determining head-and-eye movement toward B, C, or D
Further, the phase sequence 15 dommated by two things an
anticipatory concept or expectancy of reaching food, and per-
ception of the rat’s present place m the maze Each two con-
ceptual complexes are lmked by activity of the cortical motor
system facilitating not only movements of the head but also loco-
mohon The latter facilitation 1s not always himinal, but when
1t 15 limimnal the rat runs, m the direction determined by the
earher movement of head and eyes

The sequence of events, as the rat reaches A, might then be
as follows perception of A—expectancy of food, with omenta-
tion toward C—running—percephon of C—expectancy of an alley
leadmg to F. No alley appears, and esther of two thmgs may
result.

1 The first possibihity 1s that the controllmg phase sequence 1s
not strongly established and readily gives way to another wuch
determimnes a different direchion of movement. Expectancy Was
not confirmed, the ongmal phase sequence has not been rem-
forced by a corresponding sensory sequence, and the proba-
bility of its occurrence when the rat next arrives at A 1s—at
most—not mcreased On a second trial, the run may be toward
D. Now the expectancy of an alley beyond D 1s reinforced sen-
sorily. The mdividual phase m the phase sequence 1s aroused

* both by a sensory and a central facilitation, strengthenmg mter-
pbase facihtations and so mcreasing the probability that on a
third tnal the rat will go from A direct to D

2 As the rat approaches G on his first run, the second possi-
bility 1s that the phase sequence determming this behawvior 1s
strongly established, with a strong motor facilitation. The end
of the cul-de-sac not only fails to pronide sensory remnforcement
for the phase sequence but disrupts it. There 1s a conflict be-
tween the ongmal phase sequence and a new one aroused by
contact with the end of the cul-de-sac, which has been asso-
ciated i earlier expenience with a nght-about turn. This con-
fhect may appear as an emotional disturbance (anticipating the
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discussion of emotion m the following chapter), and amounts to
breaking up a link m the chamn of the recurrent orgamzation of
the phase sequence In succeedmng trials when the rat reaches
the pomnt A in the maze, the phase sequence may be, as before,
perception of A—expectancy of food, with onentation toward
C—anticipation of C  But the anticipatory concept of C 1s now
linked wath a disruption of cortical orgamization, The cycheal
series A~C-F-A-C-F, and so on, 15 broken up, permitting
another cycle A-D-F (orignally less strongly established) to
occur mstead.

This, 1 outlme, is the approach to adult learning that 1s sug-
gested by the phase-sequence hypothesis As I have said, there
are large gaps m the evidence, and when these are filled 1n the
hypothesis may be found to need serious modifications It has
not made use of motivation or msight as special processes mde-
pendent of the phase sequence, because these with emotion seem
already subsumed by the hypothems 1 shall try m the follow-
mg chapters to show how such processes may be dealt with m
more detail.
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7. Higher and Lower Processes
Related to Learning

The course of learming 15 rarely a smooth accession of motor
skill, or a closer and closer relabonship of response to some par-
ticular environmental event, as the learming process goes on.
Learning curves, for the individual animal, show great fluctua-
tions from day to day—now backshdmg, now sudden mmprove-
ment It 1s only by averaging the results from a number of ani-
mels, trial by trial, that one can manage o get & simple curve
showmg steady improvement with practice

It 1s usually considered that these fiuctuations are caused by
a number of factors that are independent of learmng and of
each other. Just what factors are invoked depends on the inds-
vidual wrter and lus theoretical pont of view In general,
they mclude (1) processes that guide and strengthen learnmg:
physwological needs and motivations {in one kind of theory}, or
such things as attention, expectancy, and msight (m apother),
(2) processes that weaken or disrupt learning, such as emotional
disturbances, and even (3) the innate processes of instinct that
are thought to take the place of leaming

The question of differences in the learning of different species
has already been broached. Amphifymng this topic will also serve
to fill m some of the more mportant details in the account of
learning that has been cutlined m preceding chapters In the
present chapter, accordmgly, the “lgher” processes of con-
sciousness and insightful behavior will be discussed together
with the “lower” factor of instinet, and, more bnefly, the rela-
tion of these to emotion and motivation, leaving a fuller account
of the latter processes to following chapters.

140
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ENDURING SELECTIVITY IN CENTRAL ACTION
ATTITUDE

An mmportant aspect of an ammal’s behavior 1s the occurrence
of periods of directed behavior, m which one kind of achon
appears only, or m which responsiveness 15 to one kand of shmu-
Iation. This selectivity appears to be hike the selectivity of at-
tention but lasts Ionger and is less specific. It mught be referred
to as attitude, mterest, or intention (though these terms may he
objectionable), to distingwish 1t (1) from the more briefly last-
ing attention, and at the same tume (2) from the stable selec-
tiity that may be either mborn (and referred to as nstmet)
or established by slow learming, and remamns unchanged from
one day to the next The behavior discussed here 13 behavior
i which responses are now to one class of stmulus, now to
another, n the same environment.

At a purely descriptive level, tus aspect of behavior must be
considered when one attempts to deal wrth species differences.
It seems first that the duration of the selectivity—the amount of
time likely to be spent continuously in ore kand of achvity—may
vary for lugher and lower species Periods of spontaneous play
are shorter in the rat than m the dog, and stil shorter than m
man, the penod of emotional disturbance following momentary
stimulabon seems progressively shorter as one goes down the
phylogenehc scale, and so on  Secondly, the number and variety
of the distinchve forms of behavior mvolved is greater m higher
species—the number of recognizably different athtudes or inter-
ests, that is, is greater. And, finally, the vanabiity of action
that still remalns selective is also greater in lugher species: an
aggressive athtude, for example, has a much more variable ex-
pression in the chimpanzee than i the dog.

At a theoretical level, it seems further that there can be no
explanation of learmng and problem-solving 1n any rmammal
without reference to the persisting central neural influence that
sustans achvity i» one particular direchon. Even m the rat,
learming continvally shows this selechive responstveness to one
aspect or part of the environment. In hgher forms, where
expectancy has been most cleatly demonstrated, 1t seems aften
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to be orgamzed by an expectancy of a particular reward or goal
This is clearly not sensory but g conceptual process (to which,
however, sensation must continually contribute)

To account for a senes of responses to the environment in
which a lasting central influence is evident, it would be con-
venient to be able to think of reverberation in some thalamo-
cortical system, acting without mterruption to mfluence other
cerebral systems in a particular way for éxtended penods of
time But this is at the least unlikely Even if such a system
were unexposed to external disturbance, simple reverberation
without afferent support cannot be expected to last more than a
frachon of a second (Lorente de N4, 1939) The schema of
neura! action on which the present theory depends has made it
appear that there is no constant, unmterrupted activity deter-
mining behavior, no one enduring patterm of neural firing, hut
a continual fuctuation. If the theory up to this point is to be
accepted, a selectivity of bebavior that may last for minutes or
longer must be ascribed to some other linitation on the vara-
bilsty of finng pattern m the cortex How might this oceur?

Fust, there may be classes of associated cortical activities,
Because of having occurred together frequently, each activity
m a class A, B, C, D, and so on, would facilitate other achvities
in the same class more than those mn another class L, M, N, O.
Arousal of any one achvity A would then arouse others
B-C-D-A:++, but none of L, M, N, O. Each letter heye stands
for a conceptual activity, or phase cycle, not a cell-assembly
action The duration of each phase cycle might be a matter of
seconds, of the seres of cycles (or conceptual series), corrve-
spondmgly longer. This would be one mechanism of a persist-
ing athitude, with a mainly mtracerebral ongin, Its mamtenance
might also be contributed to by sensation; the behavior would
amount to a seeking out of certam stimulattons rather than
others, and these rught be such as to remforce the selectivaty
of further response,

But secondly, if the inthation of one of these protracted and
selective conceptual seres involves some lashng bodily condi-
tion such a9 lack of food, which 1n the presence of a particular
environment sets up an expectancy of eating, the expectancy
mught dominate the series and have a further organizing influ-
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ence (The assumption 1s that hunger pangs, or a low level of
blood nutrients, would have a selective effect on the limen for
the conceptual activities determinmg eating. This assumption
will be discussed later, in relation to the problem of hunger )
If A then stands for the expectancy of eatmg, and B, C, D for
conceptual achvities associated with eatng, the senes might be
A-B-A-C-A-B-D-A, and so on, with A in a domnating role.
Thus a lasting bodily state might repeatedly mduce a concep-
tual activity whose frequent recurrence would act to organize a
conceptual series and restrict its content This second mech-
anism presumably would make paosstble a longer duration of
athtude than the first alone.

The duration of a self-maintained activity, as contrasted with
an activity that 1s frequently remstated sensonly, depends on the
complexity of the system m whach it occurs, A simple closed
circuit may reverberate for perhaps 0001 to 005 second; the
cell-assembly, m which an alternating reverberation 13 possible
(by-passing refractory transmission umts), has heen assumed
to be capable of activity for pertods as great as half a second
(p. 74}; a phase cycle, or sequence of recurnng assembly ac-
tions, mught then endure for perhaps 1 to 5 or 10 seconds (the
apparent duration of conceptual processes :n man). I have
assumed m the preceding paragraphs that a senes of such cycles
or concepts might Iast for mmutes or longer and conshtute a
transient athtude, A greater complexity does not ensure a
longer persistence of self-mamtained activity in the system, but
may permit it, and at the same time it permits or depends on
a greater vanabdity of spectfic content from moment ta moment.
In the conceptual class A, B, C, and so on, A facilitates B, C,
and D. A temporardy high linen 1n B at the time of A's activity
would not prevent continuance of selective behavior, smee C
or D may be aroused by A if B is not. The 1dea mn essence 1s
that a conceptual senes A-B-C-D-A-B—-C-D, and so on, might
have a greater duration, at its maximum, than A~B-C-A-B-C,
and so on.

In a lugher bramn, accordingly, in which more assemblies are
organized by learning and may occur mn more varied combma-
tions, the upper time lmit of a selechve central wfluence 1s
greater and the selectivity at any one moment 1s less specific
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The anatomical factor here 1s both absolute size of the associa-
tion areas and the A/S rato (p 124) This provides some ra-
tionale for the observed relation between (1) phylogenetic level
and (2) the complexty and duration of athtude and interest.
The problem dealt with here has not of course been solved. It
will be returned to m Chapter 9

Now the behavior that shows this sort of control i1s the be-
havior that 1s called conscious or voluntary. These two terms
are not in good standing m modern psychology, and yet they
refer to an important psychological dishnétion not anly for the
clme, where 1t 15 fundamental, but even in the expenmental
laboratory, where for example the differences in conditioning
voluntary and mvoluntary responses are well kmown It 15 pot
important whether one 1s to continue usmg the words conscious
and voluntary in psychological discussion, it 1 mmportant to
have the distinchion to which they refer made explicit, and to
be able to deal with 1t theoretically.

Let us start by recognizmg that the distinction is not between
discrete, unrelated states but between the extremes of a con-
tmuum, The mportant thing is to define the contiouum, not to
decide just where a hne should be drawn to divide one end from
the other, or even to divide it at all.

The preceding discussion of attitude makes a theoretical defi-
mitron of “voluntary” and “conscious” possible, and, just as mm-
portant, draws attention to what seems to be the empincal mean-
ing of these terms, quite apart from theory. For the present
theory, a voluntary act 1s one that 1s determined by a phase
sequence or conceptual series with some duration 1n tume, to
which both sensory and central faciitations conimbute con-
stantly, These sequences are recurrent as well as anticipatory,
so the voluntary act 1s influenced by immediate memory and
set as well as by an expectancy of the future—particularly, an
expectancy of the immediate consequences of the act. This
theoretical defimtion is considered also to cover the adjective
“purposeful”~from the pomnt of view of mechanism, there is no
apparent basis for distngushing “voluntary” and “purposeful”
(the distmetion 1n usage may actually be a distnction between
the circumstances in which a single kand of process occurs),

Empirically, a voluntary act appears durmg penods of selec-
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bve responsiveness, conditioned both by earher stimulations (the
mfuence known as set) and by present stimulation. The influ-
ence of present stumulation is not always obvious, since the act
1s not necessarily mtiated by an envwonmental event, It be-
comes evident, however, whenever an environmental c¢hange oc-
curs during the act that would change its effect. There is at
once a vanaton of muscular pattern that 15 such as to tend
toward a constant end effect. This muscular variability with a
single result has been called “motor equivalence”™ by Lashley
(1942¢) It 18 an essential mark of the voluntary act (and 13
essentnlly the only meaning of the adjective “purposeful”).

The form of an involuntary act 15 characterstically not a func-
tion of set, or any preparation of the subject by mstruction or
the like (Hilgard and Marquis, 1940). It is determined by the
sttmulation of the moment plus the general physiological condi-
tion of the ammal, and does not show motor equivalence. The
occurrence or strength of an involuntary response may be sub-
ject to the influence of set, as when ghost stories facilitate a
startle reaction, but the startle 35 mvoluntary as long as it mamn-
tamns the chamctenstic ngidity of pattern The distinchon is of
course between two ends of a continuum, not attempting a sharp
separation of two {otally different kmds of behavior Some in-
voluntary acts may show “purposeful” motor vanability, or vary
m pattern as a function of set, but the more they do so the Jess
certamn the clasmfication must be.

Consciousness then is to be ident:fied theoretically with a cer-
tain degree of complexity of phase sequence m which both cen-
tral and sensory facditations merge, the central acting to rein-
force now one class of sensory stmulations, now another The
cortical organization consists of a diffuse finng in a succession of
assembly achions or phases that are orgamized Brst in phase
cycles (conceptual activities) and then in series of such cycles
that maintamn a selective influence on behavior for appreciable
periods of time, but always with the possibility that the current
organization may be changed or disrupted by an unusual sensory
event. The limen for the unusual, that is, remains Jow, The
unresponsiveness to some stmuli that 15 charactenstic of the
conscious anmmal 15 always for fammliar features of the environ-
ment. Fmally, this organization is opposed to the intrinsic or-
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gamzaton of infancy and sleep (p 121), and appears to be
maintamed by the constant sensory flux to which motor activity
contributes, It fs rarely possible for any prolonged period of
unchanging sensory pattern (when sleep or catalepsy s likely
to ensue).

Empincally, in behavior, the most important mark of con-
sciousness 1s the continually changing selective responsiveness
to different aspects of a famibar environment, the unchanging
responsiveness to unusual or unexpected events, together with
the continual presence of “purpose,” “means-end-readiness” (Tol-
man, 1832), or motor equivalence. Another mark might be the
occurrence of “operants” (Skinner, 1938), or actions not mitated
by an environmental change. However, these occur also m
carhiest mfancy, 1n very pnmtive orgamsms, and m sleep, and

so do not very clearly distinguish a conscious from an uncon-
scious amumal.

MODES OF SENSORY-CENTRAL INTERACTION

The chief need left by this discussion of attitude, or enduring
selectivity of central achomn, is a more detaled treatment of the
mterplay of sensory and central facihtations. I have said that
the phase sequence persistently escapes from a direct sensory
control. But this by no means mmplies a total lack of sensory
mfuence, at any time, By “dwrect” control 15 meant that asso-
cation-area activity 18 determuned by the pattern of immediately
precedmmg sensory stimulation, since this activity determines
behavior, a drect control would mean that with any given sen-
sory stmulation an ammal would respond m only one way.
Thus, as we know, dees not occur in hugher anunals in a famihar
environment At the same time, 1t 13 quite evident that there 13
a contmual mfiuence, of some kand, from sensation.

Defiming this influence in its vanous forms rases a number
of problems. The schema of neural achon made the mode of
sensory-central interachon explicit as far as momentary excita-
tions are concerned, but new duficulbes appear when one 1s
dealing with lasting central activities and a series of sensory
events Some of these are handled reasonably well in the phase-
sequence bypothesis. Others remnam as problems for expen-
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mental investigation. They can be defined here and at least re-
lated 1n a general way to the hypothesis

At each pomt m a conceptual series, the ensuing activity 1s
determuned by the total pattern of sensation at that moment and
by the residue of facilitation and negativity from the preceding
central activity In general terms, this means that there are
three possible ways m which sensory and central facilitations
may interact. (1) They may conflict, producmg phase sequences
that are mutually mcompatible; (2) they may have unrelated
effects, tending to set up independent phase sequences n
parallel, and (3) they may remforce one another’s achon, both
facihtating the same subsequent pattern of cortical action

The second and third of these possibilities are the subject
matter of later sechons, dealing respectively with the relation of
attention to learming, and the role of expectuncy m a skilled
motor performance The first possibility, a conflict of facihta-
tions, 15 related to the problem of emotional disturbance

 THE RELATION OF EMOTIONAL DISTURBANCE
TO LEARNING

The original idea of emotion was probably a reference to the
demons that now and then disturb ordmary behavior Demons
or no, let it be observed that this was an mference from
behavior, demons (mcluding the soul iself) not bemg easily
seen by most people.

Very much later a quite different 1dea appeared, and 1s stil
current. Emotion 15 now generally thought of as an awareness,
a distinctive conscious process that 1s quite separate from ntel-
lectual processes. This notion has led to a good deal of confu-
sion, for 1t has gradually become clear that no such dishnct kind
of awareness exists (& surprismg unamumty of psychological
opwion has been reviewed elsewhere—Hebb, 1946z) In tus
sense, the term emotion has lost much of i1ts meaning  Further,
it 13 meaningless as refernng to any momentary muscular or
visceral response, for here also no dishinctive pattern can be
found {Dashell, 1928).

But 1t 15 still true that emohonal disturbance exists, and can
be recogmzed as a long-term deviation from an ammal’s ordi-
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nary behavior {Hebb, 18464} Something causes it. I propose
that we return to an earher, behavioral, mterpretation {but sub-
stituting neural events for the demon), and define emotion as
the neural process that 1s inferred from and causes emotional
behavior, with no reference to consciousness However, for
reasons to be conswlered later (Chapter 10), we shall be con-
cerned m the present chapter with emotional disturbance rather
than emotion

Now as to mechamsm The causes of rage (Hebb, 1945a)
and fear (Hebb, 1946b) are extremely diverse Unless we are
to suppase not only that there are a number of separate emo-
tions, with mdependent neural mechanisms, but also a number
of angers and fears, each equally mmdependent, we must ask what
these various causes can have m common

One answer to this question has already been suggested.
Emotion may be a disruption of cortical orgamzation, which
could occur mn several ways: the occurrence of incompatible
phase sequences, the absence of a sensory facilitation that has
always contnibuted to the phase sequence, “pain” shmulation
that can be supposed to be mmately disruptive of cortical ac-
tivity {see Pamn, Chapter 8); and chemical change of the blaod
content, altermg the rate of firmg of mdividual neurons and
so disruptmg a cortical organization that 1s fundamentally a
matter of timing (see the discussion of hunger and addiction,
Chapter 8)

Some of the points involved must be left for later chapters,
For the present we are concerned with the possibility of a sen-
sory disturbance of the phase sequence, as an wfluence on leam-
mg In the schema of neural action, it was concluded that a
neuron, or group of neurons acting as a transmussion wrat, must
be expected to enter nto more than one assembly if the assem-
blies are organized at separate times. In two assemblies wnvolv-
mg some of the same transmussion umts, a simultaneous activity
would not be possible. The activity of one would prevent ac-
tivity m the other

In assemblies of cells that are frequently active at the same
time, fractionation eliminates from each the transmission units
whose action is mterfered with or controlled by others {pp
88-9) In a fammhsr environment, therefore, such conflict would
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not usually occur The same process would also gradually elimu-
nate conflict occurring at the first presentation of a new stimulus
combmnation, as the combmation is repeated, the make-up of one
or both conflicing assembhes would be changed by fractiona-
tion, and the disorganization would decrease The strange com-
bmation would now be familiar and no longer disturb behawvior,

In the phase sequence, the central facihtation from one phase
on the next 15 usually not specific, since sensory events occur m
a varable order, and, because of this, the facihfation from one
phase cycle or conceptual activity 18 not completely specific but
tends to arouse one of a number of subsequent actvities (pp.
133-4} Ths flexibility of the phase sequence permits e con-
siderabje vanation of the sequence of sensory events without a
disturbing effect Such considerat:ons do not permit one to say
how great an environmental change must be to produce an
overt disruption of learned behawvior, but the assumption that
distuption of cortical organization may vary m extent and m
duration, and the assumption that the disruption when it has
more than a momentary duration means some mecoordmation of
effectors, make sense of the emotional disturbance that appears
when environmental change 1s great enough What I postulate
1s that, up to a certan pomt, lack of correspondence between
expectancy and perception may sumply have a stmulatmg (or
“pleasurable”) effect {Chapter 9); beyond this poist, a disrup-
tive (or unpleasant) effect.

The changes that disturb behavior must also include the ab-
sence of a customary sttmulatton The phase sequence 1s & con-
tinual interaction of central and sensory events, and the back.
ground facihitabion from a constant sensory faciitahion must
affect the composition of the cell-assembly, dunng its organiza-
tion, and be a factor 1n 1its Jater arousal The absence of a cus-
tomary stimulation will be “strange,” and exciting But agam,
if this condition 1s repeated, a reorgamizabion of assemblies and
change of mterassembly facilitations can re-establish the sta-
bility of the phase sequences concerned With a vaned expen-
ence, the anmmal will become less and less dependent on any
particuiar stimulation that is not a constant feature of his envi-
ronment.

This 15 an effect of learnming on emotion, a mechanism of
L}
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adaptation to the strange. The converse 1s a directing influence
of emotional disturbance on learning, a problem raised m the
preceding chapter., It has been concluded that the prompt
learning of matunty depends on a phase sequence with & re-
current orgamzahion, Disruption of any link mn tlus disrupts the
whole. Hypothetically, the disturbance vanes m extent when
it 15 widespread, 1t may cause deterioration of other, alternate,
phase sequences—an exlreme instance, presumably, bemng the
paralysis of terror. With less marked disturbance, the effect
may be to prevent achvity 1n the current phase sequence only,
and so allow apother mntegrated sequence to take its place. In
this case, there would be little sign of emotion m the behavior,
although the disturbance would have its effect 1n 2 changed
direction of response

Thig 18 supposed to be the way in which emotional disturb-
ance guides learning An example will make the proposed idea
more definite Let us suppose that a rat 1s bemg tramed to
avold a darkened door, by bemg given an electric shock, and
bemng allowed to find food when he goes through a hghted door
As the rat makes his choice, suppose also that lus perception 15
of the relation of the nght-hand door to the distant environ-
ment, the relative brightness of the door not arousmg a con-
ceptual activity He approaches the night-hand door, and re-
ceives a shock The disruptive effect here is on the conceptual
senes: perception of present place—door A—expectancy of food—
door A, and so on Back at the choice pomnt, an alternate series
mvolving perception of door B can displace the first, the rat.
goes through B, and finds food The effect of this one tnal is
to teach the rat to go through the left-hand door. Unless there
was a conceptual activity arcused by the different highting of
the two doors (p 108), this trial would not set up a tendency
to avoid a darkened door as such.

Subsequent trials, with the dark door sometimes right and
sometmmes left, would accumulate a disruptive effect on botk
“spatial hypotheses.,” But on any trial when the conceptual con-
tent includes phases determmed by the brightness or darkness
of a door, an assacration of darkness with shock can begmn to
be established. With this, the phase sequence will alternate
between* perceiving present postiion at the chowe powmi—per-
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celing a brighter door—expectancy of food, and percelving
present posthwon—percelving darker door—expectancy of food.
The first 15 reinforced by a corresponding senies of sensory
events, as the rat runs under its influence, the second s unrem-
forced, and, further, disrupted. When this stage has been
reached, the final leaming of the task should be prompt.

This, and the discussion of frustration m the preceding chapter
(pp 138-9), represent in pninciple the role of emotional dis-
turbance as it might affect learning in an expermmental study.
A special relationship between emotional disturbance and learn-
mg wil be dealt with m Chapter 10, which tries to show how
learning might develop typical rage and fear, with ther distine-
tive patterns of orgamzed response, out of what (m its ongins)
is sumply disorganization.

INTENTION AND ATTENTION AS FACTORS
IN LEARNING

We can now tum to the second way m which sensory events
may be related to the current central process The first possi-
bulity, just discussed, 1s that the two may conflict. The second
is that they may neither conflict nor reinforce one another, but
determitie independent phase sequences. This possibility bears
directly on the commonly held opmion that no learning 15 pos-
sible without intention to learn, no memory of a sensory event
unless 1t was “attended to™ at the time of its occurrence

It is often supposed also that there is an extraordinary wmty
about attention~-that one can attend to one thing, or to another,
but not to both at the same time unless the two are a single
untt, responded to as a whole. These conclusions need qualifi-
cation

There is actually no evidence to justify the general statement
that learning never occurs without the help of attention {though
my treatment 1n the following paragraphs assumes that this 1s in
a sense true}. It has been shown repeatedly that a subject may
not remember what he did not attend to, or that he remembers
more with attention than without. But other things are apt to
be remembered to some degree. It 1s ¢common experience to
remember details of a sttuation to which one did not, appar-
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ently, attend—when the details later have become relevant to
one’s thought. Similarly, the remark made by someone else,
when one 1s reading, may not be noticed or responded to m any
way, as far as anyone can tell, and yet 80 seconds or a mmute
later one becomes aware of the remark and answers it The
event was remembered Are we to postulate an “unconscious”
attention to explam the fact? If so, attention 1s no longer uni-
tary—even if there were no other objection to such a treatment
of the problem,

‘This 1s a pomt, it seems, at which such thearetical concep-
tions as attention and mtention are no longer precise enough.
I have already defined attention as the mmmediate facihitabon
from one phase, or assembly action, on the ensumng one, with
no mphcation that two such processes might not occur at the
same time. In so far as the term 13 to be useful, it should be
restticted to this very bmef central facihitation. “Intention”
seems a still more shppery term, related to “atbtude” but with
the implication that motor components are prominent If the
term has any intelligible reference to neural function, 1t must be
to the enduring selectivity of central action that was discussed
earlier,

There 15 a certam umty about this achon, but not at all the
absolute unity with wiuch attention, at least, has been endowed
i the older hiterature. There may he more than one phase se-
quence m the association areas at one tme The discussion of
meaning in the precedng chapter implied also that the phase
sequence may contmually tend to branch out it more than one
direction, ameba-like—some, or all but one, of the hranches even-
tually becoming abortive for lack of the general background
facilitation of “athitude” that determines the general trend of the
phase sequence. I have emphasized the idea that the motor
facilitaton of phase or phase sequence may be sublimmal, and,
to the extent that attention has the umty 1t 1s supposed to have,
the unity may consist of a control of the motor_system by one
phase sequence only, when two or more run in parallel Even
then it shouid be remembered that we very often carry on two
farmbiar activities at the same time. Argumng and driving a car
will do as an mstance, neither seems possible without “attention
It certainly seems that the unity of attention has been exag-
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gerated, and the phase-sequence hypothesis, at least, suggests
that 1t may often be multiple

Memory for an meidental shmulation then may oecur because
the strmulus has aroused a second phase sequence without m-
terruptmg the prior dommant one This can happen only with
familiar activities and perceptions, and only if a phase sequence
is aroused by the stmulus in question; and, in agreement with
the importance of meaning for learming, only if the meidental
phase sequence has a certain degree of complexity and persist-
ence There will consequently be plenty of occasions on which
“unnoticed™ events are not remembered, as the expertmental it-
erature has shown

So also with the effect of set on perception (perceptual set is
another aspect of the phase sequence, closely related to atten-
tton) It has been shown that m certain circumstances one seeg
what one expects, or 15 set, to see But thus 1s no general rule,
else one would be mecapable of seemg the unexpected. When
a stimulatton 15 sufficiently strong or distinctive from its back-
ground, and famidiar or composed of famuhar parts, it will be
capable of mitiating 1ts own phase sequence, regardless of what
ather phase sequence may be gomg on at the moment (If the
new phase sequence 18 mcompatble with the pre-existmg one,
startle or emotion may result ) The sensory event is capable of
taking control of central achon, just as 1 other circumstances
the central action 18 capable of remforcing one sensory event at
the expense of a second

MOTOR EQUIVALENCE

Two modes of sensory-central mteraction have been discussed
The first, a conflict of sensory and central processes, was re-
garded as & source of emotion, the second, m which a sensory
event has central effects that neither support nor conflict with a
prior central process, was treated as accounting for certain kinds
of incidental or unintentional learning,

The third mode, an active support and direction of the phase
sequence by sensory processes, 1s at least as important. It 1s
hest exernphfied in the phenomenon of motor equivalence. a
vanability of specific muscular responses, with circumstance, i
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such a way as to produce a single result. The phenomenon and
its importance for the theory of leaming have been emphasized
by Tolman (1932), Hull (1934), and Lashley (19422) At the
same tmme, theory has not handled the problem very success-
fully. It 1s usuael, and in practice necessary, to define an am-
mal’s response 1 terms of 1ts end effect the rat reaches and
enters the food box, the chimpanzee’s hand makes contact with
a shmulus plaque and moves it It would be mpractical to
record the actual series of muscular contractions that brings
such an event about But one must not then assume that a
common end result means a smgle pattern of contractions.

It 1s necessary to use very special condibions of tramming mdeed
to establish a “learned response” as a constant effector response
A rat tramed to depress a lever to get food may do 50 from any
of several positions, in each of which the muscular pattern 1s
different. He may chmb on the lever, press it down with the
left forefoot, or the nght; or use his teeth mstead. Very often,
all that can be predicted after the response 1s learned 1s that
the lever wall be moved downward. It 1s not necessary here to
multiply examples of such behavior, 2t will be evident to any-
one who cares to watch animal or man carry out a learned re-
sponse With long overpractice it may seem at times that the
subject has settled down to the use of a specific muscular pat-
tern, an exact dupheation of his movements from one tnal to the
next. When this happens, however, it will rarely be difficult for
an expenimenter to change that pattern and stll observe ap-
proxumetely the same end effect (Timung, however, may be
disturbed. ) '

In general, the vanability of motor pattern in a hungry am-
mal’s reaching food becomes comprebensible if 3t 15 supposed
that the behavior 15 determined both by an expectancy of the
mmedaate result of each movement and by a continual percep-
tion by the animal of lus own locus and posture at each stage
of his response. The problem has sometimes been discussed as
though the motor varability occurred despite a constant set of
shmulating conditions Sometimes, mdeed, 1t may, when there
ere two or more equally efficient modes of solution available to
the anumal But the varmbility characterishically appears when
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there is a vanation of the ammal’s imtia) posture, of his locus
with respect to the goal, or of mtervening barriers

The animal must perceive his own posture and hus place in
relation to the goal, and his behavior must be affected by this
perception as much as by his anticipation, expectancy, or fore-
sight of the state of affawrrs 1n which food has been found in the
past {remember that we are discussing the variebility that oc-
curs after leaming 15 established) The monkey that must lift
the hid of a box to get food has an expectancy of the lid's rising
m contact with lus hand, and he knows where his hand is at
the moment. The question then 15, what neural mechamsm wall
account for a movement of the hand direct to the edge of the
hd?

Here we have an example of motor vanability in a learned
response that 15 about as simple as can be, The muscular pat-
tern of response, when the hand moves direct to the Lid, 15 obwvi-
ously different for each mtial position of the hand We cannet,
I beheve, accept the solution of this problem proposed by Huil
(1934), m Iss concept of the habit-famly hierarchy, for he
assumes that the final muscular event m the sequence 15 con-
stant, though earlier ones can vary Here even the final pattern
of contractions is variable, depending on the monkey’s position
with respect to the box, and we know that the monkey will open
the box despite changes of distance from the retaiming cage or
changes of the box’s onentation

But we can follow the general line of Hull’s argument and
assume (I believe, necessanly) that an earher generalized
learning, of infancy provides the basis of response, together with
an expectancy by the animal of his own later movements. The
only thing that seems common to the various responses 1s a per-
ception of the hand in final contact with the Iid of the box In
the normal primate, this perception certanly nvolves vision,
I assume thus that the movement of the hand primanly follows
an eyemovement that fixates the powt of contact. Part of the
learmng of infancy must establish an ability to move either hand
or foot drectly from any pomt to the line of vision Given this,
the bebavior 1s explamed, my earher schema of neural action
baving provided for eyemovement m percephion.
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The schema has also shown how the cortical process control-
ling eyemovement might be subhimmal for actua] movement and
yet have a facihteting action on other cortical processes The
first learmwng involving manipulation, 1n the normal prnimate,
would be accompanied by eyemovements; but later, n man at
least, there 15 a capacity to move the hand to the pomt one only
“thinks” of looking at. In this case 1t 1s assumed that the motor
process 15 sublinmal for eyemovement, but still with an mte
grating function for other cortical processes My account 1s
exphcitly 1n terms of wisual processes, but I will add that the
arguments applied (in the earlier schema) to eyemovement
mght as easily have been apphed to movement of the hands, so
this does not mean that the vartable motor behavior of the con-
gemitely blind 1s unaccounted for, or different in principle from
that of the seemng, Further, there 15 plenty of evidence to show
that the space perception of the congemtally blind is radically
defective (Senden, 1932)—which justifies an emphasis on the
role of vision m the mampulative activity of normal subjects.

In the specific example discussed abave, the hungry monkey
mght equally raise the lid of the box with exther hand, with a
foot, or even with a stick- all that 1s necessarsto account for
the behavior is that the foot, or the end of the stick, be seen in
its present position, that its end position m contact with the lid
be conceived of m advance, and that ‘the monkey have learned
to move 1t from one posttion to another presently bemng looked at.

More complex patterns of mampulation require only a number
of such steps a continual awareness of the present position of
the hand (or foot), and at each pomnt m its movement an antier-
pation of the next pomt mn space to which it must be moved.
At all times the behawvior is under the comtrol of these two
things, the muscular pattern of the half-grown or adult animal
is so variable simply because the subject 15 not learning now to
make specific movements (as he is earlier, perhaps, when he is
learnmg to bring the hand to the hne of vision), but learning
a relatwonship, an association, between perceived environmental
events This makes adult leammg primarily perceptual, but, mnx
accordance with the developmental changes of leaming dis-
cussed 1n the preceding chapter, it still leaves a great empbasis
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on the motor learnmmg of infancy, which frequently can be re-
garded as purely sensor-motor.

In this section I have tned to presest my solution of a
ubiquitous, fundamental psychological problem. It would be
wrong to Jeave the smpression that the solubion can be regarded
as complete. The solution says m short that motor learning at
matunty 1s perceptual leaming mn the first place. It also says
that a true motor learming of mnfancy 1s an essential element m
the equivalence of adult responses. The'adult who learns to
operate a slot machine learns, that s, that a quarter’s moving
mto and falhng down a slot wall be followed by the appearance
of a package of cygarettes, He learns that the depression of a
certain lever starts the motor on hus car. He does not leamn to
make a certain senes of muscular contrachons, but, once the
perceptual relationslip between depression of the lever and
starting the motor 15 learned, an earher mfant learming 15 enough
to provide for the adult’s being able to put a hand or foot—or
a stick—in contact with the lever and depress it. But all thus
1S m very general terms.

I believe that such conceptions will be a good hasis for the
study of motor learnmng, but 1t should be emphasized that the
study 13 stilf needed—that nothing more has been provided than
a rational approach which may or may not be found adequate
in the long run. The discussion has said nothing about the
changes of skill wath practice What 1s their nature? Are they
to be comprised mn the conception of changes in the cell-assembly
due to an mcreased frequency of activity? Does the subject
revert to his first clumsiness of performance when he 1s required
to use a new muscular pattern? Does his perception of the
situation change with prachce, or fus muscular hming-—or both?
Above al, is he still responding to the same cuesP

We stll have a great deal to learn about the modification of
motor performance with prachice It should be said exphotly
that this discussion has not attempted to cover the developrient
of motor skills mnvolving a precisely timed series of movements,
nor such learnng as that demonstrated by Sperry (1947), which
monkeys are capable of and rats are not.
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INSIGHT AND HYPOTHESIS

A somewhat different aspect of the problem of learning, and
its phylogenehc correlations, brings us to the question of intel-
lLigence or mwmght in learning, and the related question of
“hypotheses™ in animals. These ideas have occasioned & good
deal of dispute, and some confusion, in the psychologcal litera-
ture,

The analysis of animal intelhgence, by controlled experiment,
has been o slow process. Mainly, the trouble has been to make
the transition from an earher subjechve psychology (resorting
freely to the notion of “mind” or conscious awareness as an agent
m behavior) to an objective theory of neural action, without
oversimphfying the facts

If an ammal shows “intelligence” m his learning and problem-
solving (Hobhouse, 1915), “sdeation” (Yerkes, 1918}, or “msight”
(Kohler, 1925), can the fact be dealt with in a stmetly momstic
theory with no hidden thread of ammism? It was hard to find
a way of doing so 'What psychologists really needed, of course,
was a physiolopical mechanism of thought to supplement therr
frankly physiological treatment of afferent and efferent mecha-
msms. The fmlure to suggest any intelligible mechamsm of
msight, or 1deation, led to two sharply opposed pomts of view
One group—in general, those 1 have called learning theorists—
began by denymg that the facts were what they seemed, and
argued that msight must be reducible to sinple learning

The other group—n general, the confignrationists—proceeded
by urging the need for a better theory of learning, whether it
could be found at once or not, and continued a search for evi-
dence to show that the need existed” that anmals do have deas,
or insight, or intelbgence.

As a result of this undertalung, psychological knowledge made
a considerable advance I am gomg to argue that such notions
as msight have a hmited value, and that somethmg with more
precision wiil be needed for the further development of theory,
but 1t should be recogmized that these ideas have led to an im-
proved analysis of amumal behavior and its qualitative variations
at different phylogenetic levels
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Besides Hobhouse, Yerkes, and Kohler, already mentioned,
Lashiey (19294, 1938b) and Krechevsky (1932) should be Lsted
as makmg major contribubons to the difficult problem of analyz-
mg animal mtelligence, and Tinklepaugh (1928}, Tolman (1932),
and Cowles and Nssen (1987), as well, for demonstrating ex-
pectancy (a form of :deation) m animals and establhishing the
value of this notion m the theory of behavior

It is generally conceded by now that learming involves more
than the gradual rewmnforcement of responses origmally made at
random. “Sophisticated” learnmg theory recogmizes the fact as
much as configuration theory (Spence, 1938, 1940) Learmng
18 often discontinuous, error curves show sharp drops without
warning, and the kind of error that 1s made on one day may bhe
qute changed on the next. The great disagreement that stll
contmues 10 psychology does not concern the existence of some
factor producimng these effects, but its nature. bow it operates,
and haw 1t 15 related to learning as such

Let me make this a lttle clearer. In the first efforts to be nd
of anthropomorphism m anmmal psychology, “learning™ theory
said something hike this When an anmal 15 faced with a new
problem, we can avoid any reference to mtelhgence or compre-
hension and describe the cat’s attempts to open the door of a
problem box (for example) as at first a series of random move-
ments. Some one of these movements will eventually open the
door, by chance The tendency to make that movement is then
increased because it was rewarded (the “law of effect™).

On each tnal, the tendency 15 further mcreased. Eventually,
the cat opens the door immediately~—not because of any separate
process of ntelhigence or understanding, but because a specific
association has been bwilt up This 15 the “naive” theory of
learming by trial and error, 1t 15 no longer mamtamed, largely
because of the work of Hobhouse, Yerkes, Kohler, Lashley,
and Krechevsky, together with an important analysis by Adams
(1929) and the later work of Thomdike (1981) But it had its
value It was a necessary corrective to the vagueness of other
theurnes, and though in development 1t has become rather vague
itself 1t stll represents & live of thought that insists, nghtly, that
theory must arm at definable conceptions and a clear statement
of its original assumptions
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The configurationist attack on the earhier, “nawve” learning
theory proceeded as follows A search was made for tasks to
set an ammal, of just the nght degree of difficulty for each spe-
cies to demonstrate the operation of intelbgence The task must
neither be so easy that the amimal solves the problem at once,
thus not allowmg one to analyze the solution, nor so hard that
the animal fails to solve 1t except by rote learming in a Jong series
of tnals,

With a problem of such borderhme difficuity, the solution may
appear out of a biue sky. There 15 a period first of fritless
effort m one direction, or perhaps a seres of attempted solu-
tions 'Then suddenly there i1s a complete change m the direc-
tion of effort, and a cleancut solution of the task. This then 15
the first critenon of the occurrence of mnsight The behavior
cannot be described as a gradual accrehon of learning, 1t 15 evz-
dent that something has happened 1 the apumal at the moment
of solution (What happens 15 another matter )

The sccond, and essentially more 1mportant entenon, involves
a comparison of species To the human observer, a monkey’s
efforts to get at food may at times appear utterly stupid. It 1s
one of the great acluevements of madern psychology to show
that the stupidity 15 always & matter of degree, and to make a
begmmnuing at saymg what mtelligent behavior 15, 1n its various
manfestations. The description of intelhgence 15 a more diffi-
cult task than it sounds, this 1s one matter 1n which appearances
are really deceptive The box-stacking of the chimpanzee, for
example, 15 a very clumsy performance indeed. The chimpanzee
has no notion of statics and must pale hus boxes by tral and error
until finally they will stay piled and bear his weight (Kohler,
1925). But comparison with other species reveals a considerable
mtelligence i this performance, nonetheless. The dog 15 not
low m the intellectual hierarchy, and yet he 15 unable to see the
possibility of moving even one box to a place where he wants to
chimb  Physically, thus 15 possible for hun, though pihing one
box on another may not be. The failure is thus mtellectual.

The dog, agan, shows hus great superionty to rat or hen in
hus skill at passing obstacles, and reachmng a goal by the shortest
route (psychologically & more brilhant achievement, more m-
sightful, than it may sound)
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It is often said that most human beings never think, and go
by habst instead of intelligence. The dullest person who can
earn a hiving 1 this culture, however, continudlly functions at
a level well above the chimpanzee's—complex as the chimpanzee
intelligence 1s—and 1t becomes nonsense 1 view of this fact to
suppose that a man could ever get along solely by routine with-
out the continuous operation of whatever it 1s that we call wtel-
hgence. Ths becomes even clearer when one looks at cases of
aphasia, As we shell see later, aphasia 15 by no means a mere
loss of speech, the patient has lost something else as well, an
mtellectual capacity that no chimpanzee will ever have and one
that every normal person has and uses continuously (even if he
never sits down, puts his chin 1n his hand, and announces in so
many words that he 1s about to “think”). Without the study of
insight in animals, we should not have been able to see how
much 15 mvolved in ordinary, everyday behavior that seems ele-
mental in its suimpheity but 1s not,

There 15 an unsuspected degree of intelligence 1n aven the
sumplest behavior of normal man Krechevsky (1932) estab-
Lished a symlar pont for the rat, showing that apparently sunple
learning 15 more than an uncomplicated acquisition of stunulus-
response connections, 1t mvolves “hypotheses™ as well

Briefly, what Krechevsky found 15 this, A hungry rat is gaven
a repeated choice of two doors, one left and one nght, one white
and one black (for example) The white door 15 sometimes on
the left, sometimes on the night, and food is to be found by
gomg through one of the doors (the other bemng locked). With
such a problem, the rat does not choose at random At first he
15 almost certamn to persistently try the door on one particular
side, trial after mal, and later, to try the other side n the same
way, Stll later, he may alternate, one left, one nght, and so
on, or choose always the white door, whichever side it may be
on, untl fually one of these systematic attempts at solution is
consistently rewarded. The rat is then said to have had a series
of hypotheses, and 1t 13 clear that his learmng 15 not a gradual
strengthening of responses that were at first made at random.
The behavior 15 stupid-enough, by pnimate standards, but it 1n-
volves intelbgence of a kind and it throws a good deal of hght
on the bebavior of higher species.
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DIFFICULTIES OF THE CONCEPTION OF INSIGHT

So much for the value that psychology has drawn from the
concephions of msight and hypothesis (the latter evidently a
form of msight itself) We can next ask mn what respect such
concephons are unsatisfactory, and the mquiry will lead us to
recogmze a complementary value m the “learning” theory that
has been consistently opposed to the theory of msight.

From the first the meanng of msight and hypothesss, as exact
scienhfic terms, has been left confused. Their connotations ob-
viously are anthropomorphic and unfortunate. This maght have
been less important if the terms had been well defined, but they
were not,

“Hypothesis” has been defined as a form of behavior: a set of
responses that deviates systematically from a chance perform-
ance. This will not do at all, as Prentice (1948) has pointed
out; it confuses cause and effect An hypothesis, it becomes
evident, is something postulated, hypothetical, inferred from
behawvior,

Psychology has sometimes in the past been too free in postu-
lating special processes to explam behavior Now it 13 doing
penance by gomg to ancther extreme, scientifically just as smful,
This current misconception of the scientific method makes any
hypothetical entity somehow disreputable Psychologists now
seem to feel that 1t 1s risky mdeed to depart from statements of
fact, nothng should be mentioned that 15 not “operationally”
demonstrable. Thus it another field we find emotion defined as
2 bodily reaction, which 1t 18 not; or neurosis as a set of neurotic
symptoms At the same time, the context mm which such defini-
tions appear makes 1t obvious that the wnter has m mind some-
thing inferred from behawior, not the behavior itself, just as the
rat’s hypothesis 15 mferred It 1s completely necessary to keep
out of such confusion (in the first place; and in the second place,
to realize that nexther operationalism nor logical positivism really
discourages inference or postulate but only seeks the rules by
which inference is to be made)

Insight, again, has on occasion been defined as a sudden
change m behavior, or as a conscious expenence that one may
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have in solving a problem. Neither definition gets at the real
meanmg, which 1s that of a causal factor m behavior,

When this 1s clear, it becomes clear also that there is no need
to say that a rat has an hypothesis only when he makes a senes
of systematic choiwces The hypothesis might endure only for
one trial, or part of a tnal; though 1t could not then be directly
detected, 1t would still exist. In the same way, 1t 18 not neces-
sary to himit msight to those occasions such as when a chum-
panzee, at first falling to reach a banana cutside lus cage, sud-
denly turns away, looks for a stick, and rakes in the food These
are the occasions on which 1t 1s ewnident that something has
changed in the ammal and has led to a solation But if 1t 15
insight that solves a problem followimg error, 1t 13 no less insight
when an animal makes no errors and sees the solution at once.
When the solution 1s seen at once, there must be at least as much
insight as when the solution 15 delayed

In this sense “msight” 13 fully equivalent to “mtelligence™—
the term that Hobhouse used. The term mmsight therefore seems
to have two references, one to an endurmg factor m behavior,
the other to a variable one. Both “msight” and “mtelligence” are
probably unsatisfactory terms—it will be seen m the following
chapter that they may be hard to distinguish from some uses of
“motivation” except as different aspects of the same thmg—hut
it may be suggested that, if they are to be used, “mtelligence”™
should refer to the endurmg aptitude, the existence of a causal
factor n problem-solving that may or may not lead to the solu-
tion of a particular problem, “mnsight™ to refer to its operation
m the partcular mstance. .

There 1s stll a dufference of opmion as to what this causa) fac-
tor in behavior 15, and how it operates 15 msight or hypothesis—
or, m the broadest terms, mtelhgence—something distinct from
the mechamsm of association? And here, 1 think, we must take
a long step toward the position of those theonsts who originally
denied the existence of msight but who now, like Hunter (1934)
or Spence (1940), are concerned to show that it can be denved
from a theory of learning.

Whatever insight 15, we now know that it continually affects
the learning of the adult mammal. This has been maintaned
by those who have emphasized the value of nsight as a theo-
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retical conception; if we grant it, the conception does not be-
come more voluable for theory, but less

We find at once the need for more precise conceptions The
ongmal value of the notion of msight lay mn the distinchion be-
tween intelligent and rote learming. Now all behavior involves
mtelligence, and the dishnction 1 a matter of degree how much
insight (or intelligence) 1s present? Further, if all learning is
msightful we can no longer speak of insight as if it were a sepa-
rate process and distinct from learming.

The conception of msight was a valuable first approximation,
but a first approximation only. Insight 15 not distinct from at-
tention or expectancy (which are also first approxamations), just
as 1t 1s not wholly separate from rote learming. Postulate nsight
to account for the discontinuity of a sudden mmprovement m
learning, and sooner or later we shall have to add other postu-
lates (temporary forgetfulness, frustration, loss of mterest, and
50 on) to account for the regressions and disuptions that also
occur in learning

1t has already been seen how msight, as & sudden perception
of new relattonships, can result from the simultaneous activity
of two conceptual cycles m adult learnmng (pp 1334) This
need not be elaborated further; the new relationship 1s a change
of the phase sequence, and each phase sequence has its distme-
tive motor facilitation, so the change would be evident in a dis-
contmuity of behavior—the actual evidence from which the -
sight 15 inferred.

Apart from the special case of a sudden solution followmg
falure, msight 1s essentully the phase sequence iself, the au-
tonomous central factor in behavior It is that which makes
behavior directed, mstead of random, the mechamism that s
both anticipatory, adjusting behavior to an obstacle before the
obstacle 15 reached, and recurrent, so that the chimpanzee, try-
ing to reach a banana, remembers the stick he saw a moment
before, goes and gets it, and rakes in the fruit.

Phylogenetic differences of insight are thus the differences in
the complexity of phase sequence that 1s possible i the bramn
of a lugher or lower species. The_ lack of insight m the earhest
learning of prunates becomes comprehensible, since the phase
sequence must first be organized.
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Also comprehensible 15 the slowness with which msightful
learming develops m these species, by the very mechamsm that
makes their ultbmate level of behavior more msightful than any
other. The larger association cortex of pnmates, both mn abso-
lute terms and in A/S ratio (p 124), means a slower establish-
ment of sensory control, and so a longer time to set up the phase
sequence and msight. At the same time, m a larger association
cortex the number of assemblies of cells that can function as
separate closed systems wnll be larger. Thus means that the
higher animal at matunty will see any particular situation in a
larger number of ways The comparatively small sensory pro-
jection means also that the phase sequence can escape from
complete sensory control more frequently, and for longer pe-
nods, so that the insightful behavior of higher species 1s less a
response to the immediate environment and more an mtegration
of senal sttmulation from situations that cannot be surveyed as
a whole.

Fmally, all this explains how insight depends on experience
and yet 15 not a simple, direct result of learmng, or the operation
of specific habits (Brrch, 1845). The perception of new relation-
ships discussed above 15 usually not delayed, but immediate, the
ammal put mto a new sttuation will percerve its parts as famiar,
and as related m a meanmgful way (that is, by the mechanisms
discussed on pp 130-4). The behavior 1s then wmnsightful, as an
orgamzed set of responses to a new total situation An organi
zation that consists of a new temporal combimnation of elements
which themselves were orgamzed by experience obviously de-
pends on learning, but 1s not learned Heredity sets a lmmit to
the amount of development of the phase sequence and deter-
munes the principles of development, but expenience 1s necessary
as well,

THE RELATION OF INSTINCT TO LEARNING

The problem of instinct is the correlative of that of intelli-
gence, or insight, and of learming, It has just been seen that
mtelhgence is not an entity that is quite distinct from learmng;
and we may now see that instinct, also, 18 not to be cut off
sharply from either.
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The term “mstinctive” will he used here to refer to behavior,
other than reflex, m which mnate factors play a predomnant
part Empmcally, this 15 behavior m wlich the motor pattern
is vammable but with an end result that 15 predictable from a
knowledge of the species, without knowng the history of the
mdrndual ammal, This class of behavior must be recognized,
and we are no farther forward by commg a new name for .
“Instinet,” hawever, is less useful. It suggests a spectal egent
m behavior, just as “intelligence,” “msrght,” or “drive” may.
Essentially, we are involved here mn the difficulies of the
constitutional-expenential dichotomy that are discussed later
{Chapter 10} We must distinguish, conceptually, the consh-
tubonal factor in behavior from the experiential, but there 1s pre-
sumably no mammatizn bebavior that is anmfluenced esther by
learmng, or by the conshitution that makes some learming easy
or mevitable. We need not consider {1} that mstnchve be-
hawior is sharply distinct from other behavior, or {2) that # m-
volves same special process that is radically dafferent from those
wmvolved 1 other behavior, Ultimately, our sirn must be to find
out how the same fundamental neural principles determine 2l
behavior.

There is & means at hand for aftempting this. Cons:der Srst
Lashley's {1938a) wseful distinction between reflex and mnstmct,
A reflex may be defined as innately determined behavior that 15
coptrolled by stimulation of a specific group of receptors and
takes the form of a predictable set of muscular contrachons. In-
stinctive bebhavior, on the other hand, is more than a complica-
tion of reflexes, although of course it involves reflex ¢lements.
It »s not always controlled by a specific stimulation, and may
m fact be aroused by a perceptual lack (“reaction to deficut,”
Lashley, 1938g; “vacuum achvity,” Lorenz, cited by Tinbergen,
1842). Inshnchve behavior does not consist of a predetermined
sequence of muscular contractions, and yet it has a constant and
predictable end result. The spider of a given species will spm
a web haghly specific in design, though the movements necessary
to produce it vary with the distance of the objects to which it 15
attached, the kmd of movements and number of trips made by
a bird in building a nest (in those cases where the design can
be foretold from the bard’s species) depends on the kand of ma-
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terial used and the shape and size of the crotch or ledge that
supports i, and so on.

All this means that the behavior, though it cannot be called
reflex, 15 stil} continually under sensory mfluence, more or less
direct. At each stage in the construction the muscular actity
varies with circumstances and 15 such as to produce a certan
perceptual effect. This indrect sensory control is demonstrated
whenever actident destroys part of the structure The muscular
activity then does not contirue iz a predetermined sequence, but
reverts to an carlier stage, 1 suck a way as to restore the missing
part Smce the behavior is contunually responsive to such
events, it must be under afferent influence thronghout,

Now we bave already seen that the A/S ratio, or proportion
of associztion-area cortex to sensory cortex, effects the dwect-
niess of sensory control over behavior and the promptness with
which it can be estabbshed. In order to make this relationship
meaningha! for Jower formy m winch the cerebral cortex 1s absent
or msignwicant, let me speak here of the proportion of inter-
nuncial fo afferent cells (assocsation/sensory cortex bemng only a
patticular case of this more general relation) A massive affer-
ent system and a neghgibly small internuncial one implies an im-
medhate and direct sensory control of behavior, aad one m which
any pariicular sensory consteliation would tend 1o bave a smgle
effect on behavior. The larger the internuncial system, the
more slawly can a sensory control be set up A sensory contral
that 15 established only with expenence, however, means that
there 1s an element of Jearning in the subsequent bebavior—and
s0 an increased varmability Thus, with phylogenesis, the pre-
dictabdsty of mstinctive behavior would steaddy decrease as the
rabo of afferent to mnternuncial tissues becomes smaller

This does not of course explam why the nstinchve behavior
of any ane species takes the particular form i does, but at this
pomnt we do have an explasation for the fact that imstinet is most
evident in Jower spemes, in which mternuncial structures are
small, both absolutely and relative to allerent omes. Before
specsfic instmcts can be explamed, much more must be known
about the behavior in question and the finer nervous structures
that determine it. 1k 15 a reasonable expectation that the knowi-
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edge will be obtained, and that the explanations when they are
found may be much smpler than one would suppose

To show that the expectation is not chimencal, that ths
does not simply dodge & crucial difficulty for the present theory
of behavior, let me cite the earther discussion of the “spatal
hypothesis” or posthon habit. The position habit of course 1s
not called mstnctive by psychologists, presumably because it
only shows up durnng the course of learming, and learning and
mstinct are supposed to be mcompatible But it 15 so completely
predictable mn the rat that it might well be called mstinctive.
Before a2 means was found for analyzing the behavior {(Hebb,
19384, 1938b, Hebb and Williams, 1941) 1t almost appeared that
the rat had a thoroughly mysterious capacity for perceving
compass direction, It turns out, however, that lus behavior 15
simply response to the most constant shmulation of his environ-
ment (pp 91-5).

Eventually, explanation at a smilar level can be expected for
other species-predictable—or mstinctive—behavior It 1s almost
certamn that the mysteriousness of the processes determining m-
stnct 15 generally overrated, when analysis has finally suc-
ceeded, the process turns out to be quite duffcrent from what it
appeared at first (Schneirla, 1948} The nest-bullding of the
pregnant rat may be the simple result of a disturbed tempera-
ture control (Kinder, 1827) The visual preference of the honey-
bee for complex flower forms eppears to come from the fact that
these forms produce a greater flicker frequency m the bee’s eye
(Wolf and Zerrahn-Wolf, 1937) and thus have a maximal stimu-
lating value. The preference 15 not at all an mnately deter-
mmed perception of a particular pattern as dishnct from other
patterns  There 1s stll an mnate factor, but a much simpler one
than 1t seemed at first to be, and the evidence does not require
the assumphon that some special and complex process 1s 1n-
volved m the behavior Another example is the apparently pur-
poseful behaviar of the newly hatched loggerhead turtle m
gomg directly to the sea (Daniel and Smith, 1947), which, how-
ever, 15 phototropically determined

I have already suggested that “instinct” may fundamentally
mvolve some learming even at lower phylogenetic levels, if the
kind of learming 15 strictly limited and if 1t may occur m a matter
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of seconds (pp. 113, 115). This 1s quite speculative at present,
but one thing 15 clear, at least, that there 1s no evidence to
justify the g priori assumphon that the control of learned and
the control of inshinctive hehaviar are quite separate processes
(Beach, 1937, 1939). In mammahan behavior, certamly, we
cannot separate out one group of responses that are innate,
others that are learned Conshtution (the factor of heredity)
may domunate m determning some properties of behavior, expe-
nence (the factor of learming) m others, but there must be a
gradation from the one type to the other

In the same way, mstinct 1s not a separate process from ntel-
hgence or mnsight It 1s mtelligence, or msight, that 1s mnately
lmited n variety. An animal low m the scale must see a par-
ticular situabion m a particular way because of the overwhelm-
mg mastery of afferent over mnternuncial activity, whereas a
higher animal with a more vanable association-area activity,
under 1mperfect sensory control, may see 1t 1n a number of ways
and respond accordmngly, now 10 one property of the shmula-
tion, now to another But the mechamsm of response 1s not
different in the two cases, except m complexity

This should be more explicit m one respect It has been
argued that expectancy 1s an essential explanation of motor vana-
bility in mammahan behavior At the same time, 1t must be
clear that mstmctive behavior does not mnvolve an expectancy of
its remote brological results (this would be the worst sort of
teleology)

I have said that instinct and imtelhgence differ m complexty
of mechanism, and cne of these differences 1s 1n the degree of
anticipatory central ection that 1s called expectancy, and n the
temporal extent that expectancy can span At the lowest levels
of mstinctive behavior there can be no expectancy whatever,
where the mternuncial activity 1s completely under sensory con-
trol, without intermission At intermediate levels, there may be
an expectancy of the immediate consequences of the smgle act
in an mstnctive sequence (the bird may have an anticipatory
concept of a twag placed n a certain part of the nest, before 1t
is actually laid there, the rat whose pups have been scattered
may possibly retneve them under the mnfluence of an expectancy
of perceiving them m the nest again). Even this degree of
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expectancy, however, mvolves learning, expectancy must be an
association between a present state of affairs and one that has
followed that state of affawrs (or smilar ones} in the past. The
temporal span of expectancy m mshmchve behavior must vary,
from zero to the human expectancy of pregnancy and birth nme
months after copulation {and the difficulties of rearmg a child
for twenty years after that) To the extent that expectancy oc-
curs 1t must represent an mfluence of Jearnng, not an mbom
knowledge of the future.
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8. Problems of Motivation:
FPain and Hunger

This chapter and the next aim at a broader picture of the
problem of motivation than 1s usually drawn when neural mecha-
nisms are to be discussed The biologically pnmitive hunger,
pan, and sex drives are important in behavior, but these are not
all of motivation. In particular, there 1s an essential problem m
play, and 1n the changes of motivation that occur when bodiy
condition (mncluding humoral factors), and the environment
all important respects, seem unchanged

In the present chapter, motvation is dealt with first as a theo-
retical conception, particularly m relation to the theory of learn-
ing; we can then try to see how the more general 1deas that re-
sult from this exammation are to be appled to the speeific prob-
lems of pamn and hunger The following chapter will be an
attempt to round out the picture by treating the spontaneous
variations of motivation that appear 1n such different aspects of
behawvior as play and sleep.

THE CONCEPT OF MOTIVATION

The term motivation concerns two distinct questions: {1) why
1s an ammal active at all, and (2) why does the activity take a
partcular form? Ostensibly, (1) is the fundamental question
Actually, 1t 15 (2) that modern psychology is usually concerned
with—though the writer who uses the term often seems to be
talking about (1).

We have seen (Chapter 1) that early experiments with nerve-
muscle preparations made 1t easy to think of the nervous system

as mert, unless stirred up by some outside mmtant. It then
171
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seemed necessary to look to sensory shmulation for the cause of
any muscular contrachon Now, however, 1t 15 known that the
central nervous system 1s conhinuously active, and the necessity
has disappeared, as long as we do not ask about the patterning,
the timmg, of muscular contractions

In fact, most of the musculature itself 1s continuously active
{for whatever reason), and the chief problem the psychologist
1s concerned with, when he speaks of motivation, 15 not an
arousal of achvity but 1ts patterming and direction Lattle tine
15 spent discussmng the source of an ammal’s tonic contractions
and random movements, 1n the first stage of a learnmng expern-
ment. What we have usually wanted to know 1s why the random
movements change and become directed The mam question
for psychology concerns the #sming of muscular contractions, not
their arousal

There seems still to be some confusion on thus pomt Psy-
chologieal theory sometimes seems to be still locking for some
extraneural irmtant to account for maternal behavior, for ex-
ample. In an earlier day, it was thought that maternal behavior
must be aroused by the sensory shmulation of distended breasts,
male sexual behavior by distention of the semmal vesicles, the
search for food or water by stomach contractions or dryness of
the throat, and so on. Without exception, these ideas have
broken down Deswre to drink can occur when the throat 1s
moist or anesthetized, eating continues after the stomach has
been surgically removed This pomnt has been adequately dis-
cussed by Morgan (1943) The older manner of thinking per-
sisted, however, As contradictions accumulated, a tendency
appeared mstead to postulate “central receptors”™ instead of
pertpheral ones as motivating agents By this device, 1t 15 stll
possible to discuss motivation as a shmulation that arouses ac-
tivity of a particular kand *

® The imphed distnction between thecries of motivation does not merely
concern use of the word “stmulabion ™ It is more than a question of defl-
mbon The sex hormones, for example, are known to have a primary action
on the central nervous system This action might be ether (1) by exct-
g speafic cells—in which case 1t would be meaningful to speak of e
“central stmulus”"—or (2) by changing the excitability or frequency prop-
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Tt has frequently been proposed that all behavior, and all
learming as well, must be motivated The proposthon may be
taken 1n erther of two ways Furst, we can treat it as 2 funda-
mental assumphon We then mfer the existence of a motiva-
tion, known 1 no other way, when an apparently unmotivated
actis seen (When the rat reaches food and, before eating, goes
off to some other part of the maze, he must have an exploratory
drive or motivation. He has a hoardmg motivabion when he
gathers pellets of food without eating them.) Such a use of
assumption 1s often legihmate, what it really does 15 define mothr-
vation or drive, and such definitions have been an essental part
of the scientific method But here the term motivation becomes
so broad, when all the deviations of behavior are considered, as
to have httle usefulness, except as a convenient reference to the
fact that bebavior n general 1s directed and organized The
fate of the term becomes that of msight when all learming 15 saxd
to be msightful.

Or, secondly, one can define motivation independently, as an
extraneural bodily condition or an urtant that acts on specific
neural cells The proposihon that all behavior and learning are
motivated then becomes untrue, on the existing evidence, and
with it the proposition that learnmg is diwrected only by mot-
vation.

And yet there 1s an important problem here. In its simplest
terms, the question that has bothered psychologists 13 this An
ammal learning to solve a problem makes some right move-
ments, some wrong, What 1s it that remforces the nght ones
and discourages the wiong? Why are the right ones remem-
bered mn later trials, the rest forgotten? This has been a persist-
ently baffling problem, and 1ts solubion is essential to the theory
of behawvior.

The difficulty may seem trivial If so, however, the reader
may be beggmng the question by saymg to himself, 1n a common-
sense (and animistic) way, that the animal of course can see that
one of his movements has had the nght effect, others not.* But
if the question 1s asked, What neural processes consttute the
erhes of a system of cells, without being able to induce activity in the

system directly. If the term “stmulus” is to have a determinate meamng, it
should not perhaps be overextended to mclude the second reference (2).
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“seemg”? the solution is evidently as far off as ever. The sm-
phicity of the question of reinforcement, or selective retention of
some responses and not others, 1s Iike the simpheity of the fun-
damental postulates of mathematies that are takwg centuries to
mvel out A simple common-sense answer has no value what-
ever, the first thing one has to do 1s get away from the animusm
that saturates common sense. Having dope that, there remains
an uncommonly difficult screntific problem.

What it mnvolves will perhaps be seen best in showing its re-
lationshup to Pavlov’s theory of conditioned reflexes Pavlov's
faitlure to solve the problem is one of the decisive reasons why
psychologists have had to abandon or change the theory.

THE THEORY OF CONDITIONED REFLEXES

Pavlov (1027, 1928) formulated a simple rule for the occur-
rence of learning Any stimulus thst acts repeatedly at the
same bme as a response will form a connechon between the
cortical cells involved. Subsequently, the stimulus will be suf-
cient to arouse the response. {The classic example s & bell rung
at feeding time. after a number of tnals, nngwg the bell alone
makes the animal’'s mouth water ) The ongnal or unconda-
twned stimulus (food  the mouth) has an mnate relationship
to the response. The subshtute or conditioned stimulus (the
sound of the bell) has an acquired relationshup. The relaton-
ship 15 supposed to be set up in connections from sepsory to
motor area m the cortex.

This assumption is the keystone of the theory The theory as

a whole is of course much more elaborate, with a number of
other assumptions, but I have not oversimplified the point under
discussion An afferent activity at one pomt mn the cortex, and
an cfferent activity at another pont, at the same time or 1mme-
cduately after the afferent one, is all that 1s needed (with enough
repetitions) to establish a senson-motor connection, and all be-
havior 15 determmned by such connechons, mnate or conditioned

This means that all acts at the time of a particular stimulation
would be associated with 1t; and the act that has most frequently
occurred would be most strongly associsted. Now in problem-
solving, or any learmng situation m whuch a number of acts are


http://www.cvisiontech.com

The Theory of Conditioned Reflexes 175

possible but only one rewarded with food, “mistakes” occur fre-
quently Often, in the first tnals of maze leaming, the same
vustake 15 repeated much more frequently than the “correct”
behavior. Yet the net effect 1s that mistakes vamish, and leave
only the correct responses Instead of being associated, the act
that occurred frequently is forgotten. Its ehminaton, also, can
hardly be ascribed to an mhibiion  Paviov defined inhibihon
as producing a cessation of activity and leading divectly to sleep
But repeated mistakes do not tend to make the animal drowsy
or motionless 'They are often followed by an mcreased activity.

Maze learning, however, 1s not a very clearcut instance. For
the theorist, a more crucial argument has been found with
Paviov’s own procedure, and mmor vanations of it. ‘This argu-
ment is in the fact that the conditioned stimulus does not evoke
the unconditioned response, as Paviov imphed (Zener, 1937, Hil-
gard and Marquis, 1940)

The condioned response is not a duplicate of the uncondi-
tioned, but something new All the elements of the uncond:-
tioned response may be there, but f so some of them are muu-
mal, and the total pattem is significantly changed. When the
dog hears the bell, he does not usually make eating move-
ments, with lus nose m the food dish, until the food itself ap-
pears. Conditioned and unconditioned stimuli, then, are not
just two ways of arousing the same combmation of effectors.

If the objection 1s made that no one would expect the dog to
chew and swallow until food shows up, the answer is that Pav-
lov’s theory says he will. The canditioned stmulus 1s supposed
to set up connections wwth any following effector activity; and
eatmg movements follow the conditioned sttmulus as much as
the secretion of saliva does. If the crrtic of this argument pomts
out that a dog 18 too wntelligent to respond to a bell m such a
way, he is really criticizing the onginal theory A separate in-
telhgence, to tell the dog when his conditioned reflexes may
operate, would be a deus ex machina. One may suppose that
the dog is mtell:igent, but not that his intelhgence is separate
from his neural activity, and we are examining the theory that
all higher neural activity consists only of canditioned reflexes,®

¢ The physiological and clinical lterature suggests that a oumber of
workers stll feel thet Paviov's conclusions are a factual statement of what
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MOTIVATION IN CONDITIONED-REFLEX THEORY

Now let us see whether some principle of motivation can be
added to the theory and thus make 1t able to account for the
facts Hull (1943) has made this addition explicitly to show
why “nght” responses become conditioned, others not. Hull
proposes that those acts that are immediately followed by a
“need reduchion” are retamed, and he beheves that with this
change Pavlov’s main structure can stand, successfully reducing
behawvior to 2 set of conditioned reflexes. That 1s, Hull has in-
troduced motivation as a supplementary principle The idea
was used earhier by Thorndike, who called it the law of effect.

The law of effect is roughly this An act that 15 closely fol-
lowed by satisfaction, pleasure, or comfort will be learned, one
that 1s followed by discomfort, forgotten or elmmnated Partly
because of the result of subsequent experments, Thorndike’s
(19381) later treatment is not m terms of pleasure and pam but
refers to a very vaguely defined condition of “belonging” as the
factor that makes for learning. The response that will be re-

is known to go on 1n the cercbrum It is mmportant to see the difference
between the facts he demonstrated and the theory based on the facts
Pavlov has deservedly had a great ifluence on psychology, and his theary
has not been rejected because it is too physiological but because 1t does
not agree with experiment Apparently, Pavlov wsolated himself from the
contemporary Hterature, and his theory took no account of psychological
discussions after 1000 Cnteism at present 15 based on later experiments,
physiclogpce] as well as psychological.

The mam points can be hsted bnefly (1) Simultaneous sensory and
motor achvity 15 not enough to establish a condihoned reflex when the
motor actvity 15 directly arcused by stunulation of moter cortex (Loucks,
1935, 1938) (2) The data published by Pavlov do not agree wiath his
theory of a slow nradiation of excitation across the cortex {Loucks), and
the strychmmzation method reveals a land of cortical orgamzation qute
unhke what Pavlov assumed (Higard and Merquns, 1840) (8) Irradia-
tion, by which Pavlav accounted for stmulus generalizabon, does not pro-
vide for generalization of shmulus intensity {Hovland, 1037, Hilgard and
Marquis), and the theory also has conmderable trouble with the kind of
pattern generahzation illustrated in figura 1 (4) Finally, it does not seern
possible to translate Pavloy’s system mto terms of problem-solving or serial
learning without serous modiflcation. This 18 the pomt discussed in the
text.
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membered and repeated 1s one that “belongs” in the total situa-
tion. Unfortunately for the older and simpler law, pumshment
by electnic shock for the right response may help the subject to
learn as much as pumishmg wrong ones Mild punishment for
erther may be better than no pumshment, whether with ammal
or human subjects (Muenzmger, 1934, Drew, 1938, McGeoch,
1942), It 1s therefore not possible to say that discomfort always
acts to ehminate a response. The vast hterature on thus issue,
and the facts that led Thorndike along with many others to
abandon the ongmal law of effect, have been surveyed by Post-
man (1947).

To substtute belongmmgness for comfort and discomfort makes
the law of effect extremely vague and says nothing about physio-
logical processes. The theory presented here can be regarded
as an attempt to fill in the gap left by Thorndike’s treatment of
this pomt. In psychological approach his ideas are :n many
ways identical with those that were outlined earher (Chapter 8).
They conshtute, that 1s, a theory of association, as distinct from
a theory of condihoned responses, m which an associabon may
be between autonomous central processes mstead of between
afferent and efferent processes

Hull (1943) has attempted to deal wath the problem m another
way, essentially by gomg back to the earher law of effect wath-
out the vagueness of Thorndikes later formulation. Unfortu-
nately, he has done thus by retaning the 1dea of motivation as
stimulation, and of all learning as consishing fundamentally of
sensori-motor connections.

“Effect” becomes a reduction of need, and a need 1s defined as
follows. “When any of the commodities or conditions necessary
for individual or species survival are lacking, or when they de-
viate materially from the optimum, a state of primary need 1s
said to exist” (Hull, 1943, p 17). Further, the need affects be-
havior by sthmulating special receptors, either peripheral or mn
the bram 1itself (Hull actually starts out by saymg that they
“probably” do [p 18] but thereafter takes the pont for granted,
his argument and diagrams deal with stmulations of particular
hypothetical cells )

What the theory says m short 1s this All behavior 1s deter-
mimned by sensory stmulations All learnmng consists of form-
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ing or strengthenmg S-R connechons An S-R connechon is
strengthened whenever the stimulus, S, and the response, R,
occur together and some need stimulstion, N, decreases at the
same time The S-R connections amount to conditioned reflexes.
What Hull has done, m this modification of Pavlov’s 1deas, 1s to
postulate a special class of stmulus that (1) must be present
before learming can occur, and (2) must then declme The de-
chine, and the declhine only, determunes the occurrence of new
connectons No wayr 15 suggested as to how the decrease of
stimulation promotes the formation of connections

To Hull's system as a whole vigorous objechons have been
made by other psychologists Its weakest pomt, and clearest
departure from the facts, 13 1 the treatment of motvahon as
biological need.

In the first place, the apparently clear and precise definihon
of a need will not hold water A need occurs “when any of the
commodibies or conditions for ndividual or species survival are
missing” One of these needs 15 “the occasional presence and
speczhzed reciprocal behavior of a mate.” But the absence of
a mate cannot excite sensory receptors. By this defimtion, evi-
dently, another need s for testes in the male amimal and sinul-
taneously ovaries and uterus m the female. Species survaval 1s
not possible otherwise  But lack of testes 15 not usually a mot1-
vating condihon, nor can 1t excite receptors The mpection of
male hormone would not affect the needs of the animal, as de-
fined, smce he 1s still mcapable of fertihzing a female and con-
imbubng to survival of the species  Yet hus behawor sexually is
that of a normal animal once the injechon has been made

The preciseness with which “need” has been defined 1s llusory
It 15 a hiological statement that does not comcide with the psy-
chological conception Hull had m mmd when he wrote Furst,
then, 1t must appear that Hull's reformulation of the law of effect
is not the precise postulate that 1t was meant to be A system
of deductions that makes repeated use of it may have a funda-
mental flaw.

Secondly, the law of remnforcement, as 1t is now called, 1s open
to the same criticism that made Thorndike abandon the law of
effect 1n 1ts earher form As we have seen, pam does not always
act to ehmmate a response Incidental learning, unaccompanied
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by reward or the avoidance of pumshment, does occur  Accord-
ng to the theory, the rat in the maze should learn nothing about
it until one of his responses 1s accompamed by a decrease of
hunger or thirst, or escape from electric shock, or some smmilar
reward In actual fact, when he 1s allowed to run m the maze
without reward or pumishment the rat learns a good deal about
it. Ths 1s shown by the small number of errors he makes later,
when he 1s put mnto the maze hungry and allowed to find food
there (Blodgett, 1929, cited by Hilgard and Marqus, 1940)

The third pomt 1s the extreme narrowness of the range within
which needs as Hull has defined them must operate This 15 a
return to the old idea that the only sources of action are such
things as hunger, thirst, pam and concupiscence, with mother-
love thrown m for good measure. Stimulation that 1s frequently
associated with one of these 1s supposed to acquire the same
kmd of influence It 15 not denied, therefore, that man or animal
may act without prospect of pnmary reward But according to
the theory these secondary motivations can be set up only by
repeated comcidence with 2 prumary one, and the connechon
between the two must be frequently remnforced thereafter

Emphasis on biological needs seems to hmit anmal motiva-
tion much too narrowly It excludes conditions that clearly m-
fluence behavior and learning (Allport, 1946, p. 342), and 1t
may have the unfortunate effect of preventing the student who
takes the hypothesis senously from seemng many of the facts
of behavior For example, children spontaneously avoid dark
places even though no unpleasant event has been associated
wrth darkness (Chapter 10) They can learn what to do to
make their parents come mto the bedroom and turn on the hght
But the “need” here 1s for more shmulation, not less It 1s the
theorehcal preoccupation with hunger, thirst, sex, and avoidance
of pam, as sources of motivation, that has led many child psy-
chologists to deny that there 1s any emotional response aroused
primarily by perceptual lack, such as darkness. Nevertheless,
the evidence 1s strong that such responses occur.

The pomt has been labored enough As far as one can see at
present, 1t is unsatisfactory to equate motivation with biological
need Theory buit on this base has a defimteness that 1s very
attractive, but 1t may have been obtained at too great cost. To
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follow this line seems to require either a persistent disregard of
facts such as those referred to above or the continual addition
of new assumptions as soon as one gets beyond the subject
matter of the classical expenments on rote learning m ammals
It 1s clear of course that the prumtive drives of pamn, hunger,
and sex are often of overwhelmmg importance. We need an
approach to motivation that neither mmnimizes these things nor
fails to provide for the unrewarded learming that also occurs
when the amimal’s belly 15 full and his sex dnive satated.

AN ALTERNATIVE TREATMENT OF MOTIVATION

The alternative treatment of motivation that is required by
the present theory is here mtroduced i general terms and 1s
made more precise in the followng discussion of pamn and
hunger This will shill have some of the essential pomnts of con-
ditioning theory as developed ongmally by Paviov and later by
Hull The differenhation of two stages or levels of learning
(first, the assembly of cerebral cells, and second the establish-
ment of connechions between assemblies) makes it possible, per-
haps, to treat motivation 1n a Pavlovian way without msertng
a specmal postulate in the theoretical sttucture Paviov neces-
sarily thought in terms of a sensori-motor condiboning, but, with
the data available from electrophysiology of the central nervons
system, one can conceive of condihoming as the establishment of
relahions between cerebral neurons (in the first place) and be-
tween systems of neurons (mn the second} The result, as 1 have
suggested, 15 a theory of associations, from another pomt of
view, it 1s a way of mcorporating some of the advantages of asso-
cation theory into a theory of condiioning—a common ground
perhaps for Thorndike (1931) or Woodworth (1938), with Hull
(1943) or Guthrie (1946}

Learnmng according to the present ideas consists of a lastng
change of facilitations between the activities of specific neural
structures. The change results when two structures (smgle
patbways or assermblies) that have sufficient anatomical con-
nechons are active at the same tume The first learming estab-
hishes an organization of individual transmission umts mto an
assembly. But later learning, the kind that 15 usually studied
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u
expermmentally, is a change of facilitation between organized
systems, a changed interaction between ane complex of assembly
actions and another. In the termmology of Chapters 5 and 6,
learning 1s & change of relationstup between cortical phase se-
quences—or conceptual activties—because of therr having oc-
curred together.

It then follows that the experimenter who wants an animal to
learn some particular thmg must aclueve some control of the
phase sequence In a sigle environment, the phase sequence
may be extremely vanable Putting an ammal into a particular
situation does not determine what particular conceptual activity
will result, Therefore, 3t cannot determine that a facilitation
will be established between the conceptual activities the expen-
menter is wmterested m When the expernmenter takes further
steps to limit the variety of conceptual activity that will occur
m an ammal, he sets up a motwation The term motivation then
refers (1) to the existence of an organized phase sequence, (2)
to its direction or content, and (3) to its persistence 1 2 given
direction, or stabiity of content.

This defimbion means that “motivation” 1s not a disbnctive
process, but a reference in another context to the same processes
to which “msight” refers, it also means that the waking, normal
adult anumal always has some motivation (because of items 1
and 2 m the defimtion} though its persistence in any one direc-
tion (3) may not be great.

If a bodily need 1s found to hrmut the vanability of central
neural action, it can be used expermmentally to coniro} learmng,
but this of course 15 quite different from saymg that the ammal
will learn nothing unless he has first been deprived of food or
mjured by electric shock. Without such means of control one
1s less able to predict what will be learned mn a given sifuation,
but one would still expect some learning to occur

Now we have 10 ask how such bodily conditions can control
conceptual acbwihies. Farst, pamn.

PAIN

The relabonship of pam to leaming has already been taken
for granted, 10 the assumption that certamn afferent processes act
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primarily to disrupt central neural activities (p 150). Disrup-
tive processes are a general classificabon that mcludes more
than pamn. In most sensory modes there 15 an intensity hmen
at which avoidance appears Below this point, the shmulation
may be sought out—that is, it 15 “pleasant”, above it, the same
kind of simulation produces avoidance and, if the avoidance 1s
unsuccessful, behavioral disturbance. With different kinds of
stimulation, the avoidance himen falls i a different part of the
mtensity range Pain is not umque, but may seem so partly be-
cause there 1s a great range of mtensity abave the hmen of imtal
avoidance Pam, therefore, as a particular class of event, 18
regarded here as a disturbance ongmating in the somesthetic
afferent system, though its mechanism may be like that of dis-
turbance originating from certain sounds, smells, or tastes

It should be understood that we are not mamly concerned here
with the conscious experience of pamn, and consequently that the
class of event discussed is not quite coterminous with pamn as
discussed m the imtrospective hiterature. There 1s, for example,
what has been called “pleasant pain,” which will not be discussed
apart from pointing out that the phenomenon may be exactly
parallel to “thrill” or pleasant fear (p 233).

I class pamn then as a disruptive somesthetic event The dis-
ruptive action 1s usually limited, and is mamly at higher levels
in the bram stem or n the cortex At the spmal level, tissue
mjury may arouse only integrated reflex responses (Sherrington,
1908). At the thalamo-cortical level, the disturbance must still
be focalized, since of course pamn is referred to specific parts of
the body. lts effects may be widespread, but if the disturbance
becomes really general it is emotion, not paimn.

With these assumptions, 1t has been shown how pain mght
control learming by disrupting one phase sequence, leaving
another unmolested. Essentially, this 1s 2 hmitation of concep-
tual processes m a given environment Pam then 15 a means of
channeling motivation, as motivation was defined m the preceding
section It is not a source of learning, from this pomnt of view,
but hmats and directs it  However, pam does have an energizing
effect on behavior, and 1n some circumstances it appears to fa-
cilitate learming directly. To this possibility I shall return.

Now let us see what the assumptions mean concermng pam
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itself. There have been in general two theories of pain (Morgan,
1843). In one, paimn 1s not & special sensory mode but an effect
of overshmulation of receptors for heat, cold, or pressure In
the other, pamn 1s a sensory mode with its special receptors,
peripheral nerve fibers, and conduction paths 1n the spmal cord.
Each of these theories has its difficulties, each bas something to
recommend 1t The two seem to have been thought of as mu-
tually mcompatible, and exhaustive if one 1s proved wrong, the
other must be nght But followmg up a suggestion made by
Nafe (1934),* and makmg a comparatively small change m each
theory, we can find a way of combining them The combination
has the best features of both, and covers certamn facts that may
be equally destruchive of erther theory singly

Apamst the first, peripheral-intensity theory, 1s the existence
of pam spots 1 the skin, here a weak stmulation can arouse
pam, although a much stronger stmulation elsewhere does not.
Pam seems also to depend maunly on the activity of C fibers m
the sensory nerve This m itself demes that intensity 1s all that
matters 1n pam, but, even more, intensity i neural terms must
be a matter of impulses per second, and C fibers are the very
ones m which conduction is slowest and which deliver the fewest
number of ympulses per second to any one pomt mn the nervous
system

However, there are strong arguments agamst the altemative,
sensory-mode theory If pam 1s a sensory mode, it 15 known that
1ts receptors must be free nerve endings, and free nerve endings
are also known to mediate pressure There may of course be
two kands of free nerve ending, histologrcally indistinguishable
However, very weak or very brief stmulation of pamn spots or
pamn fibers produces no pam, as Nafe has pomted out, thus has
obliged supporters of the sensory-mode theory to hold that there
may be “nonpainful pam.”

Also, 1t 15 not at all clear that pain can be permanently abol-
1shed by clean surgical section of one or two of the tracts only,

® And see Weddel, Sinclair, and Feindel (1948}, whose views m some
respects are identical with those elaborated here Wortls, Stemn, and
Jolhffe (1842) have also antimpated some of this treatment They sug-
gested that the faster-mnming mmpulses in A fibers can prevent G mmpulses
from traversing certain synapses, so preventing pain.
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in each side of the spinal cord there are tracts that are mamly
mvolved 1 the production of paimn, but are they solely involved
m 1t? Finally, there 1s no speciahized cortical area for pamn as
there is for touch, and apparently no specialized pamn nucler m
the diencephalon or lower bramn stem if specialized tracts for
the conduction of pam do exist, what do they conduct to, other
than the centers of somesthesis?

The suggestion of Nafe, to which I have already referred, 1s
that pain somehow concerns the patterming of central activities
aroused by the pamn stimulus, and with this 1t seems that the
mam contenbons of both classical theories can be combined
Let us forget peripheral mtensity, as the essential determmant
of pain, and think mstead of a central intensity that could, as
we shall see n a moment, be mtiated by a weak stimulus 1n the
periphery as well as by a strong one Let us also suppose that
the pam fibers do not mewvitably metiate pam, that the slow
mpulses, and the central connections of these fibers, are such
that they are peculiarly effechve mn producing sudden massive
discharges mn somesthetic nucler at thalamic or cortical level,
with a widespread effect This would be pain  Isolated shmu-
lation of a pain spot then would not necessarily produce pain
but would usually do so.

It 1s a highly sigmificant fact that pain 1s often the result of
conditions that must decrease sensory activity, mcluding activity
m the pam fibers or therr central connections. As Lashley
(1938¢c) has observed, pain 1s often an accompamment of n-
Jury to the somesthetic system all the way from peripheral
nerve to thalamus In some cases, the pamn may be due to -
tation, but 1n many cases there 1s httle basis for the assumption,
if the facts can be explained without it As the work of Adman
(1934) and Weiss (19412) has shown, an essential function of
normal sensation 1s a regulation of central firmg, wathout con-
trol, the firmg 1s spasmodic or with a local hypersynchrony, with
it, the cells do not build up to the pont of spontaneous dis-
charge but are fired diffusely mn 2 frequently varying pattern
If lugher somesthetic nucler are deafferented, everything we
know about neural funchion mdicates that the cells must even-
tually fire, and fire more or less 1n synchrony, with massive jolts
to other nucler connected with them. When 1t 18 supposed that

-~
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pain may be a disruptive activity at the corheal level, 1t must
be supposed also that a conceivable source of pam 1s a decrease
or absence of peripheral sensory activity, even mn pam fibers

Thas hypothesis does not specify what kind of disturbance con-
stitutes pain  Ewvidently there are deviations from normal sen-
sory funchon, mcluding hypofunctions, that never mvolve pamn,
so the hypothesis 18 certamnly not complete As for pan m
healthy persons, the predominantly slow impulses m the sensory
nerve may produce pamn only (1)} because of some pecubarity
m the pattern of thalame activity they arouse, apart from total
frequency of impulses m a gven part of the afferent tract (s e,
apart from intensity at this level) Alternatively, pain may occur
{2) because the slow impulses are pecuharly effectve m arous-
mg excessive bursts of firmg from the thalamus Either expla-
nation will sutt my more general thesis, though the second 15 the
one I have preferred But the essential pomt 1s this a theory
of pamn must provide for the fact that an mcrease of pam often
results from hypofunction 1n afferent structures

I have already referred to Lashley’s observation, that pamn
may follow lesions anywhere m the somesthetic system up to
the thalayme level, In Head’s (1920) classic experment on the
regeneration of cutaneous nerve, hyperalgesia was promment
According to Boning (1916) the hyperalgesia 1s not a lowenng
of the pamn threshold. Thresholds, mncluding that for pan, are
raised, yet the pam when 1t does occur may be of extreme
severity Wolff and Hardy (1947, p. 173) meke the same pomt,
concerming patients with thalamic lesions It seems obvious that
the rise of threshold means a decrease in the total amount of
afferent achivity The pain that 15 so often felt in the phantom
hmb (Riddoch, 1941) also seems an obvious accompanment of
a decreased semsory ectivity After amputation, regenerating
nerves may form neuromas that are a source of sensory umitation
But 1t 15 very unlikely that the total of this afferent activity can
be as great as would result from the use of the whole limb, and
why should pamn fibers m the neuroma be more wrritable than m
the normal limb? Neuralgia, finally, 15 usually thought of as an
rritation, as a hyperfunction that must be reduced by deaden-
ing the nerve But only too often an mjection of the nerve fails
to work—just as might be expected if the pamn, in such cases, 1s
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essentially related to a hypofunction. The origmal source of the
neuralgia must have been a pathalogical process in the nerve or
the nuclei to which it leads It 15 lughly improbable that a
pathological process can merease the efficiency of any fiber, even
a pam fiber, 15 1t not more hkely that total afferent activaty has
decreased, and that a disruption of central tmmg has resulted
from an incomplete penpheral control of central activity?

Return for a moment to the older theories of pawn, The ewi-
dence concerming hypofunchon directly demes the theory of
peripheral intensity. It also makes dufficulty for the sensory-
mode theory, but a more clearcut argument agamst the latter 1s
found in the fact that the pattern or combmahon of stimuly s
often the decisive factor for the occurrence of pain. Stimulation
of A produces pam, of A and B together, no pamn, The clearest
example has been provided by Head (1920). Stimulating the
tip of the glans pems with water at 45° C is pamnful, but the
pamn totally disappears when the glans 1s immersed more deeply
in the water Such facts might be accounted for if pam im-
pulses are “inhibited” by other sensory mpulses, but thus expla-
natron has really grave difficulties

The difficulhes of the mhubition idea are clearest if we con-
sider an organ, such as a sound tooth, that contamns pam fihers
but bas never been the site of pain. We can hardly suppose that
there are normal nerve fibers that have never once heen active
over an mdividual’'s ifetime I we suppose that they are active,
but at a low level that is not recogmzed as pain, then we have
conceded that the activity of the pam fiber does not essentially
mediate pam, and the alternative 1s to suppose that an mmhih-
tory achon of other fibers has throughout a Iifetime prevented
the occurrence of pamn It is very doubtful that an hibitory
process can be so umformly and continuously efficient (p. 212).

It seems in short that the pam receptors mn a sound tooth, or
m the cornea of an eye that has had no gnt m it for months,
must have some other function~with weak or brief stimulations,
that they are pressure receptors as well. It is still reasonable to
think of them as pamn receptors if, as it seems, the thalamus m-
nately has a very Jow tolerance for the achvity they imtiate, if
therr action tends innately to result m a disruption of any be-
havior that 1s accompanied by tissue damage.


http://www.cvisiontech.com

Pain 187

It may be objected that pamn 1s a unique sensory experience,
and therefore that it must have its special receptors and central
connections which serve no other funchon. But competent in-
trospective observation has always found more than one kond of
pawn experience, and Titchener (1920) gives four- prick, clear
pain, quick pam, and ache, each no more closely related to

Tickle

Neutral

Ficong 18 Dragram from Titchener, 1820, showing the mdependence of
varous kmds of pain, mtuspectively determined By permmssion of the
American Journal of Psychology, Kax1 M Dallenbach, Editor

another accordmg to his diegram (Hgure 18) than quick pain is
to bnght pressure or to itch,® Clearly, the subjective evidence
in itself does not establish a separate modabhty of pan, internally
umfied, and distinctive from others. How then have we amved |
at this impression of uniqueness?

I have already suggested that pain may seem umgue because
the lunen of avordance in the intensity range of the pain

* Professor Dallenbach, in a persomal communication, has ponted out
that other evidence may render this account of pain, by Titchener, out of
date. I cite it here, however, as ashowmg that competent introspective
observanon does not inevitably find pain to be a single entity, whatever
the conclusion from other experiments may be Professor Dallenbach has
drawn my attention also to his mgemous experiments with Burna, Stone,
and Edes {Dallenbach, X M, “Pain history snd present status,” Amer J
Psychol, 1939, 52, 331-347), which comtrovert the theory that pam 1 in-
tensive sumulztion of tactus} receptors only, but do not appear sufBaent to
show that it 15 a separate and coequal semsory pode
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stmulus is so Jow It may also seem umque because the char-
acteristic event causing 1t, damage to body bssue, 18 not 1mme-
diately reversible. Once the damage 15 done the sthmulation of
nerve continues and avoidance does not put an end to it. It 1s
common knowledge that there are noses that are almost unbear-
able, although the fact s hard to demonstrate in the lahoratory
{Miller, 1947). But one can move away from the noise or cover
the ears, at once decreasing the mtensity of stimulation These
condibions must tend to determine a special kind of Jearning
related to pain, with a more strongly marked avoidance and a
greater emotional element, even though the mechanism of the
disturbance when 1t does occur 15 the same n different sensory
systenis.

Let me say again that,this hypothesis of pamn 1s incomplete,
Hypofunchon often occurs without pam, syrmgomyeha, a de-
generative disease of the cord, provides an outstanding example.
The hypothesis 15 of value mn suggeshng how pamn may result
from hypofunction, and in reconciling divergent views of normal
pam. Intensity is still a factor, but at the cortical or thalamic
lavel, and the arousal of C fihers may still have a special sen-
sory quale, not disruptive of behavior at the very lowest level
of mtensity or duration, but promptly becommng disruptive un-
less they are part of a much more extensive shtmulation that has
a thoroughly well-organized central action Thus central orgam-
zation would be a duffuse firing, and would make impossible what-
ever pattern of local synchromzation 1t is, in the ventral nucleus
of the thalamus, that leads to lacal disruption m the cortical
somesthetic area and so constitutes pam

It may be proposed that the optunal condition for the arousal
of pain without gross bodily injury 15 a punctate stimulation of
the relatively ineficient C fibers—being inefficient, they do not
readily set up a well-orgamzed central action, and, accordingly,
that 1t is not a complete bypofunction of afferent systems that
conduces toward pain, but a decreased efficiency. Higher somes-
thetic nucler then lack therr normal degree of sensory control
and become hyper-responsive, and yet are shll exposed to an in-
termittent “tnggermg” from peripheral stimulation A complete
deafferenting consequently would fully elimimate pain, while
pathological changes without complete destruction, up to and per-
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haps including the nucleus ventralis thalami, would increase it
Specifically;~lesions of peripheral nerve would then be con-
sidered to have reduced the efficiency of A fibers to that of C
fibers—that 15, make them mto pam fibers, ugher lesions would
have a similar effect by reducing the efficiency of A-fiber con-
trol of thalamic and cortical tissue It would thus be concetv-
able also that “quick pan” could be aroused by undamaged A
fibers, though less readily, smce therr control 15 more efficient
than that of the C fiber
It is possible now to complete the picture of pain as related to
learning, and especially as having a positive value in learnmng
The psychological entity pain must be a disruptive action at the
cortical level, but the pan stunulus has other effects In the
spinal animal, 1t may arouse only a well-coordinated reflex avoid-
ance (Shermngton, 1906). In the diencephalic animal, it is
Iikely to produce sham rage, with an imntegrated action of the
whole orgamism (Bard, 1934) It has been seen in the preced-
mg paragraphs that the strmulus that by itself arouses pain may
have no such effect when combmed with other stimulation
The pamn stmulus arouses pam when 1ts central action 13 un-
organized and mterferes with other, orgamized action, but not
when 1t enters mto and forms part of an organized neural action.
Pavlov (1928) and Liddell (1944) have shown that the dis-
turhing effects of cutting and burning the dog’s skin disappear
completely when the pan stimulus is regularly followed by feed-
mg, m the conditioned-reflex procedure The transformation
from typical pan responses to feeding responses was gradual,
once it was established, there was /mmediate relapse when the
site of pam stimulation was changed to new parts of the body.
This means that there were synaptic changes m the cortical
region m which the focal pamn disturbance onginally occurred,
leading to the disappearance of pain from one region of the
hody, not from others. 1In that one region, the pam stmulation
now aroused organized cortical activity. This conclusion 1s
meaningful for the observation of Muenzinger (1934} and Drew
{1938} that giving a rat electric shock for the correct response
(followed of course by food) mcreases the rate of learning. In
Drew’s experwnents, when the food itself was electnfied so that
the rat got a shock with every bite, eating was voracious. In
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such.a case, once the central effects of the pain stimulus have
become organized, we must regard the stimulus as essentially
motivating. just as a blow of the whip may be motivating and
energizing to a racehorse that appears already to be exertmng
himself to the utmost—a further stmulation that adds 1o the
effectiveness of a pre-emstent cerebral control of bebavior

HUNGER

The treatment by Morgan (1943) 15 taken here as a basis for
discussing the problem of hunger, with hwo guestions to be kept
in mind how the approach to mohivaton ocutlmed m this
chapter accords with the expermmental facts of hunger, and
whether it can be of any further value for understnnding the
behavior involved

The fundamental problem 15 to know what controls the mitia-
tion and termination of eating {or drmnking) Hunger 15 defined
here as the tendency to eat, conscious awareness or verbal report
of hunger 1s important ouly as a convenent mndex of that tend-
ency. Eahng s not necessarlly dependent on the gecurrence of
stomach contractions, smce the surgical removal or denervahon
of the stomach does not prevent or decrease it 1t is not neces-
sardy dependent on blood-sugar level, since hunger 15 reported
when the blood-sugar level has not changed (Scott, Scott, and
Luckhardt, 1938) Both stomach contractions and blood sugar
are related to hunger, but 1 no sumple way

The terrmnation of eating also has no simple control The
anumnal that has heen starved eats more than one that 1s well fed,
but the termmation of eating comes before the food can have
much effect on bodily tssues A thisty animal will drmk ap-
proximately the amount of his water deficit, and stops drmnking
before the water has been absorbed. The experiment can be
done m fact with a dog with a Sstula 1n his throat, so that little
if any of the water 15 absorbed, yet “satiation” oceurs {Bellows,
1939)

The problem is complicated but not fundamentally changed
by the demonstration that there 15 not one but a number of
hungers (Richter, Holt, and Barelare, 1938, Young, 1841). The
rat lacking any one of a dozen or so substances will choase a
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diet contamning that substance, selectively correcting a specific
deficiency. We stll have the same problem: what is it that mi-
tates the eating of salt or sugar, or drnking water, and what
termnates 1t? Appetite and satiahiop are selective, but it is de-
sirable 1f we can to avord postulating fifteen or twenty mecha-
msms (allowmg for future discovery of other hungers besides
those we already know), all in control of normal eating  If pos-
sihle, we must find a smgle mechanism to comprehend the facts.

The nenral mechanism that determines such motivated be-
havior as eating or sex achivity Morgan has called the “central
motiva state™ This, for the theory presented m this book, evr-
dently is a phase sequence or conceptual activity It does not
require that we postulate a2 special process to deel with bunger,
but only that the process already postulated have some distine-
tive feature for each of the separate hungers Conceptual senes
A, B, and C mnght correspond to one hunger, A, B, aad D to
another, and so on.

The total process would fit Morgan's specifications for the cen-
tral motwve state, s;nce [1) the phase sequence is independent
of input from any speafic sensoty mode, (2) it has a central
pnmung achon that reinforces some sensory stumlations and not
athers, and (3) it evokes specific forms of behavior, smee each
phase 1 the phase saquence may have itz specific motor facih-
tahon Morgan’s final specification {4) 1s that the central mo-
tive state arouses general activity or restlessness for the present
theory, this 1s quahified by saying that the restlessness must ocour
only when the environment fails o supply the specific shmula-
tion that the central mative state would reinforce—that is, when
the hungry ammal 1s not exposed to food, ar the sexually moti-
vated ammal does not have a sex pariner at hand.

This pomt s of some mportance We must distingush be-
tween an integrative, motvating effect of a lack of food, and 2
disintegrative one The integrative action appears m any pur-
poseful search for food, and m eatmg That 1t occurs, in the
experenced anpnal and m a famihar environment, is an evident
fact, 1t 1s the real fact with which most discnssions of hunger
have been concerned. But the picture will not be complete if
we recogrize only this aspect of the problem, and assume im-
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plicitly that the physiological need of food eguals hunger (that
iSJ t.hﬂ tendﬂncy to eat).

There are two reasons for denying such an assumption. One
15 that feamng 15 mvolved ip hunger, as we shall see m a mo-
ment. The other is that, unti] this learming has occurred, the
Jack of food 1s apt to be disruptive of behavior. The effect of
the lack appears m restlessness, winch s not directed behavior
but imphes an mstabihity of direction. restlessness as such 15 not
a purposeful seeking but activity without purpese. With more
expenence, the restlessness becomes a directed search Bio-
logeally, it has served a purpose, having made a certain kind
of learning possible, but this does not make it, from the psycho-
Jogcal powmt of view, purposeful-and the pomt here 1s that the
first effect of a lack of food is not an mcreased directeduess m
behavior {unless the mouth bappens to be in actual contact with
the nipple, when there 15 directedness at the reflex level )

Even in experienced subjects the need of fgod has disintegrat-
ing effects. The relation of hunger to emotional disturbance 13
notonous, and Goodencugh (1881) has shown 1t clearly in a
study of anger in cluldren. Lack of food, or of some particular
element in the diet, such as salt (Saphir, 1945), can produce
profound end lasbng emotional disturbances

Furthermore, hungey itself—the tendency to eat—may be dis-
rupted by a lack of food Hunger practically disappears about
the fourth day of starvation in man, and there may even be a
“repugnance” to food {Carison, 1918) In the rat, the rate of
eabng 1s markedly lowered by the fourth day, and the amount
eaten 15 also low (Bouskeld, 1935). Physical changes in the ali-
mentary canal would account for the smaller total mtake, and
even perhaps for a 50 per cent dechne 1 the rate, but they would
not account for a total loss of human appetite if the neural
mechamsm of hunger were undisturbed

In chronic starvation, however, the hunger mechanism seems
undisturbed even though the degree of malnutntion may be
great. Is it possible that the difference here is due to learnmng,
e the same way that learmng changes the restlessness of the
first need of food mto a directed search? Let ws Jook at some
evidence cancernng the relation of learning to hunger, before
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returning to the question of how a lack of food might disorganize
behavior. -

1t 15 common knowledge that a person eatmng on an uregular
schedule when he is used to a regular ane, and so without hus
usual environmental cues for eatmg, may be “hungry without
knowing it” With a deficiency sufficient to produce headache
and imitability, he may find out what is wrong oaly when food
tastes unusually good or when his symptoms disappear as a
consequence of eating. The fact obviously suggests that eating
is partly & leamed response to certain environmental events,
Hunger, defined as the excitation of a neural mechanism that
controls eating, 15 not a simple direct product of a need for food.
There are cogmihve factors to be cons:dered when humger s
studied i the mature ammal.

It does not affect the value of Bwchter's study of food prefer-
ences {Richter gf al,, 1838} to recogmze that Jus method clearly
permats of a short-term learning as a factar m preference. Young
(3944) and Beebe-Center, Coffin, and MacLeod * in fact have
shown that the learnmng has a strong infiuence.

Also, 1t is well known that tame laboratory rats deprived of
food, taken from their cages and offered food m a strange place,
will for some time eat httle or nothing. Before he will run in
a maze for food reward, the rat must be given the routhne “pre-
hmmary traming,” extending over a period of days. Inaniion,
meanwhnle, may become extveme. It has been generally sup-
pased. that the failure to eat 1s due t0 an tndependent emotional
disturbance, but some prelumnary experwnents {to be reported
i more detail elsewhese) suggest strongly that thrs 15 not the
whole explanation.

Six rats were thoroughly habituated to an enclosed field, con-
tammg a pumber of movable objects, over an 8-day period.
Then they were deprived of food for 24 hours, and put into the
field with food and water prasent. ‘The amount of time each
Tat spent eating, in a penod of 120 seconds, was recorded. The
procedure was repeated a number of times as one would carry
put & learming experiment, to see whether the amount eaten
would be affected by “practice”~whether it would be small at

* Persomal communication from Or [ G Beebe-Centex
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first, and increase on subsequent days, whether “forgetting”
would oceur when practice was mterrupted, and whether
changes m the environment might change the response, but
without inducmg emotional disturbance to account for failure
1o eat

The amount that a rat can eat iz 120 seconds 1s not rearly
enocugh to mamntam health, but the average tune spent eating
m the first test was only 79 seconds, one rat eating for as short
a tme as 35 seconds. On subsequent days, the amount m-
creased, dropped whenever practice was mnterrupted (1e, after
the rats had been left for a few days iz therr cages with food
and water present, before bemg tested agamn) and rose once
more when practice was resumed, and dropped with each
change in the arrangement of objects m the expenmental envi-
ronment The changes mduced exploration but no evident signs
of emotion It 1s also important to note that there was no tend-
ency to take a bite of food and then explore, or even to take
a quck bite whenever exploration brought the amimal near the
food (this shows up later, as the rat becomes more sophist-
cated).

A second expeniment was dore to check on these results, and
also t see what would happen when exploration was elimmated,
In this experiment 10 rats (from another colony) were tested
mdvidually m a living cage, bemng allowed food for 300 seconds
after a 24-hour deprivation, and again after a 48-hour depriva-
tion. The average time spent eating was agam low on the first
test—41 seconds one ammal ate for as short 2 ttme as 5 seconds
On the second test, the average rose to 140 seconds But the
total amount eaten was still estimated to be not more than one-
tenth of what would be necessary to mamtain even a depleted
body-weght.

It seems therefare that the rat must learn to eat the amount
he needs, and “satiation”—cessation of eatmg when no external
event has ocowrred to mterrupt it-—occurs before the physio-
Jogical needs of the unsophisticated animal have been met.

These results agree with the aindications that human bunger 15
partly dependent on being aroused by events associated with
eating They also show that a theory of hunger does not neces-
sardy have to account for an automatic regulation of the amount
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eaten, that will just equal the amount needed. The termmation
of eating or drmking may be determined by expertence, m part
at least (but partly as the termination of other pleasurable ac-
tivities is determined, by a kand of fatigue Chapter 9). Ths
learmng process 15 prolonged. I have the impression that the
rat, offered food for short periods only, at 24-hour mtervals, will
take from 3 to 5 weeks before he gets to the pomnt of promptly
eating the amount of his food deficit as soon as food 18 made
available, ’

Must there not be something of the same sort of learning m
the hunger of the dog and cat? The expeniment suggests that
when hunger i the dog 15 to be studied it will be necessary to
know the amumal’s history or, better, to rear the amimal m the
laboratory with a systematic control of his experience of the
need of food. Data obtamed when this has not been done may
make hunger appear more an 1apately established process than
it actually is.

METABOLIC FACTORS DISTURBING BEHAVIOR

The evidence discussed m the preceding section has mdicated,
first, that lack of food tends to dwsrupt behawior, producing rest-
fessness, discomfort, imtability, and, 1n the extreme degree, emo-
tional apathy Secondly, a learning process seems to be mvolved
in transformmg this primitive disturbance into hunger as we
know 1t in the adult animal or human bemg

We may now ask what the source of the ongmal disturbance
is before considering {m the next section) the processes that
transform it The present discussion, pnimanly of the ongins
of hunger, has a broader imphcation and will be relevant also to
the problem of emotional disturbance due to metabolic disorders,

It is well established that the need for food affects the central
nervous system directly, through changes in the ‘blood content
(Morgan, 1943}, (There may of course be penipheral effects as
well ) The effect of chemical changes m the blood content
would mfluence the rate of firing of the nerve cell A nutritive
deficiency may he thought of as usually lowermg the rate,
though a calooum deficiency might raise 1t (Lebmann, 1937s;
Bronk, 1039), the maportant thng bemng the change of rate
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rather than the doection of change It must also be assumed
that any particular chemical influence would not affect all cells
equally. There 13 8 considerable vanety in the make-up of cen-
tral neural cells and ther reaction to changes of blood content,
This is shown in the selective susceptibibity of particular parts
of the central nervous system to particular diseases and toxins;
it is also shown n the differential effects of anoxa and of vanous
anesthesias, The firng of some cells may be especially changed
by a lack of thiamin, others by hypochlorenua, and still others
by hypoglycemia

Now it has been seen that neura)l integration 15 fundamentally
a question of tuning, quite apart from the particular theory of
integration that has been developed in these pages. Metabole
changes, by altering time relations i neural firing, must tend to
disrupt behavior—not merely slow it up, but disorganze 1it.

In the present theory, tming has its effect in the functioning
of the cell-assembly and the wmterrelation of assemblies. diffuse,
anatomucally wregular structures that function briefly as closed
systems, and do so only by virtue of the time relations m the
firing of conshituent cells Synaptic changes are necessary to
the settng up of an assembly, but these act by coordinatng
the action of two or more cells The firmg of one cell imme-
diately after another 15 not determuned by synaptic knobs alone
but also by what 1s gomg on in some other cell or cells, Synaptic
knobs alone cannot determime that a particular system will func-
tion as such

Furthermore, an individual cell or fransmission unit may enter
into more than one assembly, at diferent times, Which 1t wall
form part of, at any moment, depends on timing in other cells,
and to enter mto any assembly reguires that its frequency ac-
cord with the time properhes of the active system If a meta.
bolic change affects one cell much more than other cells m the
system, it must drop out, if enough cells drop out, the assembly
does not function

If, instead, all the cells in an assembly are affected to about
the same extent, the system would continve to function, but the
facilitation delivered to other assemblies might be modiffied m
a way that would disturh, or redwrect, the phase sequence {that
is, the sequence of assembly actions).
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At any one moment, the action of an assembly may be con-
sidered to be_on an all-or-none basis, the system functions as
such, or 1t does not. But an affected assembly might function
at one hme and not at another, 1 agreement with the statistical
approach of Chapter 4 Suppose for example that the function-
ng of an assembly requires the actvity of n pathways m parallel
at some point in the system, and that n 4 4 are anatomically avazl-
able At any time, some pathways are refractory but there 1s
normally a margn of 4 at this pomt, mamtaming the operation
of the system. If now a change of blood content lengthens the
recovery cycle of some of these cells, the average number of
refractory pathways might nise from 2 to 3, say, and the upper
lumit of the number from 4 tg & When 5 or 8 are refractory, the
number of available pathways would fall to n~1 or n—2, and
the assembly does not function for the moment. A half second
later, 1t might agam be responsive

One might assume that longer-established assemblies would
have in general greater safety margins With the greater devel-
opment of synaptic knobs, due to mare frequent activity, the
number n mught decrease (p 68) This would mmply that older
habits, and longer-established memories, would be most resistant
to disruption by metabohe changes of blood content

In general terms, these 1deas provide a rationale for the ac-
tually observed disturbance of behavior that may result from
changes of blood content, whether in hunger or otherwise In
hunger itself, the blood change might be a lack, as 1n hypo-
glycerma, or 1t might be the addition of the “hunger hormone™
of Luckhardt and Carlson (1915} end Morgan (1943) ‘Ths
would be a substance hberated by depleted body tissues, with
a selective effect on the finng of neural cells.

THE MECHANISM OF LEARNING IN HUNGER

The facts discussed earhier, showing an element of learning
in bunger, leave room at present for a considerable dufference
of opmion as to how large a part it plays. In order to further
define the problem for research, let us assume for the moment
that the mnate factor consists only of the reflexes of sucking,
chewing, and swallowing, of spithng out noxious substances, and
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of the activities of the gastromtestinal tract—that all else 1s
learned ®* The deficiencies of this approach will help us to dis-
cover what facts are needed for a better understandmng,

Stimulation of the hips of the newbom mfant ehicits sucking,
as a reflex activity. The same stimulahon stops hunger contrac-
tions, and the effect 15 increased by the stmulation of taste buds
and by swallowing (Carlson, 1916) In the adult at least the
effect of stomach contractions 1s related to pamn {“hunger 15 an
uncomfortable pamm sensation caused by stomach contractions™
Cailson, p 97)~mild, but painful. In the wfant, also, the be-
havior accompanymg strong stomach contractions 13 m general
not to be distinguished from the effects of a loose safety-pm m
the diaper.

Consequently, hunger contractions should have the same role
as pain i their effect on learming As the contractions begin
and get stronger, some tmme after suckling, there would be an in-
creasmg disturbance of the intrinsic organization of activity in the
infant’s cerebrum (p 121) This orgamzation it will be recalled
makes for mactivity in behavior, other than reflex behavior, as
1t 1s broken up, an mcreasing restlessness should be expected.
As a result, the moving mouth 15 likely to make contact with
the mipple. Reflex sucking follows, with a further stimulation of
taste buds and swallowing stomach contractions cease, and the
restlessness disappears.

Later, as the mfant becomes more mobile and explores more
of his environment, other things are investigated and enter the
mouth, with ssmilar effects. Some things produce, perhaps, too
strong a stimulation of salt, sour, or bitter receptors and are spit

®In comvecting proof I reahze how misleadmg this stutement may be.
Obviously, 1 assume that the “mnnate factor” also imncludes all the mechamsm
that determmes what kind of learming will take place It Includes for ex-
ample the susceptibility of cortical orgenization to disturbance by hunger
pangs or lowered blood nutnients

Throughout this book the reader may feel that the emphasls is oo much
on leaming  But this is only verbal Whenever ong could think of several
ways in which some particular learmng might happen, but recognizes that
the facts of anatomy or physiology allow only one of them, one 15 recogmzmg
the emstence of the mnate pecubarities of the central nervous system All
mammahan behavior involves learning, but the tnnate factor is always there,
determuning what learning ocewrs and how
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out. Others fall below the avoidance limen, reduce to paste and
are swallowed These edible substances, not only stmulating
taste receptors but also being retained in the mouth and even-
tually swallowed, are evidently the ones that most effectively
interrupt stomach contractions they provide more of the mhib-
1hng shmulation, and more-prolonged stimulation.

The conditions necessary for learning are provided mn this
sequence of events As the sequence 1s repeated, the sensory
stimulation—visual, clfactory, gustatory, and kinesthetic—organ-
1zes assembhies of cells with a motor facilitation of the vanous
activities of eating This brings eatmg farther and farther under
cortical control, and so mcreases the possible nfluence of learn-
mwg. The sight, smell, and taste of food, the tactual stimulation
of mouth and throat, and kinesthesis from chewmg and swallow-
mg are the stmuh that arouse this assembly action To a cer-
tamn extent, the sensahion from stomach contractions itself would
become condrtioned to arouse the same activity Though pn-
mardy disruptive, like pain, this sensation should like pam be
capable also of bemng conditioned to eating responses. It has
been seen that the potentially’ pamful stimulation 1s not disrap-
tive (that 15, 1t is not pamn) when 1t forms part of a sthimulation
that has well-organized central effects Finally, the development
of conceptual processes controlling eating makes possible an
association of eating with other conceptual processes

Schematic and oversumphfied, this discussion still shows the
way toward avoiding oversimphfication It pomnts out three
ways m which hunger—an orgamzed activity i the cortico-
diencephalic system-can be aroused (1) by the sight and smell
of food and the sensation of eating itself, (2) by stomach con-
tractions, and (3) conceptually, as the sequel to a train of
thought. These agencies may summate One, on occasion, may
not be effective by itself, but becomes effective when another 1s
added to st Hunger can then be aroused or further mcreased
by an attractive apperrance of food, or by its smell and taste

Such effects are famibar, but since they do not fit mto the
rubnic of hunger as a bodily need, or alternatively as sensations
from the stomach, we are apt to forget them. Consider the
salted-nut phenomenon QOrdinanly, one can take salted nuts or
let them alone--until one has eaten a mouthful, when 1t becomes
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much harder to let them alone, Hunger has increased but how?
A lack of food cannot be increased by eating somethmg, and
stomach contrachons are stopped by chewmg and swallowing,
If, however, we consider hunger to be neither a parhcular con-
dition of the body, nor a set of sensations from the stomach, but
an orgamzed neural activity that can be aroused (hke any other
conceptual process) mn several ways, the puzzle disappears The
schematizmg of the preceding paragraphs, then, has developed
some of the further possibilities of Morgan's conception of the
central motive state

The puzzle just referred to has been dealt with m the past by
a distinction of bunger from appetite, (“A taste of salted nuts
does not increase hunger, 1t only increases appetite™) The solu-
ton 1s not a good one because no one has been very clear as to
what appetite 15, if 1t 18 not hunger. It seems in fact that hunger
cannot exist without appetite; and “appetite” seems in prachce
to be a term that 1= applied to the tendency to eat when eating
is not brologically desirable or valuable, “hunger” when 1t is
desirable Such a distinchon has no place 1 discussion of the
physiclogical control of eatng

If the explanation proposed n thus section 1s nght, cutting the
vagus in the newbom infant will retard the normal development
of hunger, by preventmg the postulated role of hunger pangs
in the leaming process Cutting the vagus does not stop eating
m the adult, but it may have more effect at an earher stage
This would pravide a direct expermmental test of my schematz-
ing. It 1s not predicted, however, that nb learming could then
take place, smce there is shll a mechanism of addiction to food
to be discussed, whach would also prowvide a basis for learning
The explanahion predicts that cutting the vagus would retard the
development of hunger, perhaps seriously, but would not pre-
vent 1t entirely

HUNGER AS AN ADDICTION

I have already discussed the metabohic changes due to lack of
food as s disturbing influence on behavior. The treatment of
hunger can now be completed by considering the relation of
these changes to the learning process a relation that makes eat-
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mg, n the mature animal, equivalent to an addiction, as Catlson
(1918) long ago suggested.

It may be objected that hunger cannot be related to metabohe
changes, because of the experiment by Scott, Scott, and Luck-
hardt (1838) mn which it was found that hunger can occur
human subjects with no change of blood-sugar level. Ths ex-
periment 15 valuable, but 1n the Light of present knowledge, and
the discussion of the precedmg pages, it needs two thungs to be
complete:

1 In the first place, we need to know about other blood com-
ponents besides glucose. Glucase 15 only one of a number of
substances mvolved i hunger: if there are nme specific hungers
besides those for oxygen and water (Morgan, 1943), there are
nine substances whose concentration in the blood must be exam-
med before 1t can be concluded that hunger 15 not determined
drrectly by the blood content

2 In the second place, since we know also that there 1s an
important element of learming 1n hunger, the experiment should
be repeated with subjects in early mnfancy, Only then will it
be possible to say that stomach contractions are not determined,
ongmally, by changes of blood content, or to conclude that the
development of hunger 15 independent of such changes. The
obvious experiment, dealing wath both points 1 and 2, is to de-
termine the levels of thiamin, chlondes, and so on, m additon
to the level of glucose, at the time when a need of food begins
to disturb infant behavior or when the adult actuelly reports
hunger.

Until such an experiment 1s done we can only speculate, but
a Ittle speculation may belp to define the problem. Return to
the learning process of the last section In general, the cell-
assemblies whose activity 15 hunger would be organized m a
condition of mild deficeency We do not know whether this
condition 15 enough to produce a lowering of blood nutrients,
or secrehion of the hunger hormone, but, if 1t 15, observe that a
mild deficiency would be the optuimal conditon for the function-
mg of the assemblies m question It 18 not a low blood sugar,
or low chlondes, that would be disruptive of an assembly, but
a change from the level at which the assembly was orgamzed
If hunger is established onigmally in the presence of a shght
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deficiency, the return of blood sugar and s0 on to normal would
tend to disrupt it, and equally, a more extreme lowerng of the
bicod-sugar level 'This accounts for a loss of appetite m starva-
tion, and 15 a first step toward accounting for sahation

Suppose that an expenienced, adult animal 15 exposed for the
first time to a severe lack of food Both the increased hunger
pangs and lowered blood nutrients contribute to a disturbance
of cortical orgamzation and so of behavior If the disintegration
of the hunger mechanism itself has gone so far that there 1s -
difference to the thought of foog, or if the animal put where he
can find food makes no effort to seek 1t out—that 1s, of the hunger
mechamsm 15 not excitable conceptually—the sight and smell of
food may be more effective, or food m the mouth may be. Thus
sort of thing of course has been observed in starvation. The
animal 1s apathetic about food until he has eaten & mouthful,
and then shows an increased hunger (the “salted-nut phe-
nomenon” agam) Once swallowed, the food 15 absorbed and
reverses the slow fall of blood nutrents, increasing the possi-
bihty of actual hunger as an orgamzed cerebral action.

Now observe that each occurrence of such a sequence of
events 1 chromc starvation would tend to set up new cell-
assembhes (or modify old ones) by the same process that set
up assemblies m the normal infant, The new assembhies, how-
ever, would be such as ta function best mn 2 condition of low
blood nutrients. The learming then would establish a hunger
that could gccur strongly m the presence of starvation, and not
as before only with a mmmal need of food

Hunger established in the presence of lowered blood nutrients,
and having the effect (through eating) of raising them, would
be physiologically the equivalent of an addiction~biologically
valuable, but stll an addichion There has occasionally been
confusion mn dishinguishing between eddiction end habit. Some
wnters apparently have seen no difference (except possibly m
strength) between a habit of drinking mlk at breakfast and a
habit of drmking coffee But an addichon mvolves more than
a relahonship of overt response to certamn sensory stunulations
otherwise Sanka, with the taste and smell of coffee but without
its caffeme, would satisfy every need that coffee does and could
be substituted for it without the vichm’s knowng that anything
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had happened. Unfortunately, 1t cannot the addict may not
know what has happened, but he will know that something 1s
wrong An addiwction, therefore, besides involving habit, also
acts so as to mamntain a blood concentration of some substance
that 1s necessary to stable neural functioning, or whose absence
results m emohonal disturbance, restlessness, and discomfort or
pain. Thus 15 a trite statement, but one of its implications should
be considered 'What has happened to prevent integrated neural
function, in the absence of the drug?

We know, first, that there 15 always a penod of “learnmg” or
apprenticeship, m addsctron, and we know also that an addiction
lasts longer than the overt withdrawal symptoms of physiological
disturbance, It may be proposed, therefore, that the learning
is & genume learming, and that it consists m part of the change
of assembly action discussed above m relation to starvahon. It
follows that an addichon must be considered to be more than
a metabolic reorgamzation. it includes a neural reorgamzation
also, and one that tends to persist, smee {as any tobacco addict
or alcohohe knows) a “cure” 1s apt to be unreliable and the
addiction can be remstated much more promptly than acquired
for the first time.

It 15 this very learnmg m addiction that we must know more
about, to understand hunger. The leamng can be described as
an association between a sensory event and the subsequent
euphona’ being at peace with the world follows a full belly, or
an mjection of morphine ‘The reference to “association,” how-
ever, 1s misleading if it suggests that we understand the mecha-
nism mvolved We do not.

The problem of a learned preference, either for a drug or a
needed food substance, can be seen better in the hight of Spragg’s
(1940) study of morphme addiction mn climpanzees. For ex-
ample, bis expenment has demonstrated the difference between
physiwological dependence on a substance, and addichion to it
Daily mjections established a dependence on morphine, demon-
strated by withdrawe! symptoms when the drug was withheld.
But hus chimpanzees still took a considerable time—from thres
weeks to three months—before they discovered the connection
between (1) njection of the drug and (2) feeling better. This
exemphfies an iniermediate stage of addiction. Eventually, the
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chimpanzee in need of morphine tried hard to get an njection
(by struggling to get to the accustomed room, getting the hypo-
dermic needle and giving it to the expenmenter, and so on),
The learning that leads to this final stage of addichion presents
us with our problem, the same one that 1s mvolved mn hunger.®
It has somehmes been said that the rat i need of salt learns to
eat 1t, by “expeniencing its beneficial effects” Spragg has shown
that an association of this kind can occur, even iof its mechanism
15 not at all clear, and his data should be kept 10 mind m deal-
mg with the problem of the self-selection of diet. .

When a rat 1s suddenly put on a salt-free diet, he may be
considered to be m the intermediate stage of addichon His
behavior shows that he has a physiological dependence on salt,
but he may stll have to learn to look for salt-contammg foods
and eat them selechvely

The immediacy and rehabihity with which an anmmal will cor-
rect a dietary deficiency seems to have been overestimated—at
the least, overemphasized 1 have already ctted Young (1944)
and Beebe-Center (personal commumeation) as showing that
the rat’s preference for a needed food 1s not immediate, but
learmed With a low concentration of the needed substance,
preference 15 established slowly, it may require as long as 7
days. With stronger concenfrations, the preference appears
early But showmng that a rat already has a complete prefer-
ence at the end of 24 bours does not show that no learming has
occurred We badly need a detailed study of what learning may
occur in the first 10 mnutes, or first hour, of 2 rat’s exposure
to a chowce of foods,

The Editors of Nutrition Review (1944) in a summary of the
history of this topie, and a paper by Pigrmm and Patton (1947),
bhave drawn attention agamm to the unrehabihty of the self.
selection method 1 many circumstances The faillures must he
kept 10 mind as well as the successes, if selective hungers are

* Dr Austn H Riesen has pomnted out, in 8 personal commumication, that
another example 13 the slowness with which ar crews learn what to do
sbout oaygen deficiencies, when oxygen is avalable

Obviously the law of effect would be the very thing to invoke to account
for such learnmg, but I can sull find no satisfactery way of fittng 1t mto
the present set of physlological conceptions
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to be explamed. Man 1s notorously capable of malontrition
while freely choosing his own diet. This might be put down to
bad habits, mnterfering with an innately sound mechanism of
choice, but such an explanation would hardly account for hypo-
chlorema, promptly relieved by taking common salt (Saphur,
1945), 1n men who had access to salt-shakers Thewr symptoms
were severe, and therr condition once more can be properly
likened to that of Spragg’s clumpanzees when they had with-
drawal symptoms without seeking a morphine mjection Man
must often learn to take more salt when he moves to a trapical
climate, and the learning 1s not automatic,

Untl such learning has occurred, it appears that the only
direct effect of a need of some particular food, or of food n
general, 1s restlessness, emotional disturbance, and malaise. The
lack of specificity m this disturbance may well be a clue to the
nature of pathological eating, ansing from emohonal disturb-
ance, or of the alcohohic’s tendency to eat a less and less ade-
quate diet Climcally, there 15 an mescapable relation between
drug addichions, food habits, and chrome emotional disturbance.
The fact has some meaning on the assumption that the need of
food or drug, and emotional disorder, have a common element
m a disruption of timing in the firmg of central neural cells, and
on the further assumption that this disruption 15 transformed
mto an orgamzed action by a process of learning,

An hypothesis dealing with part of this learming process has
been set forth in the present chapter, but there remains a part
about which the hypothesis must be so vague as to have no
present value Once more, Spragg’s experiment makes the
matter clearest He found it possible, once a full addiction was
estabhished, o abolish withdrawal symptoms by an injection of
saline only—-bnefly, but nonetheless effectively (Spragg, 1940,
pp. 95-96). Smmlar effects are known ;n human addicts, and
“explained” by a reference to suggestion. Here we have a sen-
sory and perceptual event subshtuted effectively for the physio-
logical presence of a substance in the blood stream. The ana-
Jogue in hunger is the occurrence of satation long before a
meal has heen absorbed from the stomach and intestine. It has
been argued that withdrawal symptoms, or the restlessness and
discomfort of hunger, are the result of a disturbance of central
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organization If so, the sensory stimulation of seemg the hypo-
dermic needle and feeling its jab, or the sensations of eating,
must have some rather direct action 1n restormg the normal time
relations 1n the firng of central neural cells Some such poss:-
bility has actually been envisaged in supposing that sensory proc-
esses may actively support and direct a given cerebral organiza-
tion. Tlus of course 1s m extremely general terms, and no details
relevant to the present problem can be proposed, A more spe-
cific hypothests may be possible later, when some of the experi-

mental evidence 18 available whose need has been shown i1n this
chapter
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Q. The Problem o
Motivational Drift

The two pnnmitive motivations of pain and hunger can be re-
garded as mamnly determined by specific bodily conditions—
tissue damage and lack of nourrshment—although, as we saw in
the preceding chapter, neither of these relationships 15 simple
and nerther 1s as yet really understood. Hunger, particularly,
must be a very complex process.

A third motivation, biclogically primitive, 1s that of sex. The
sex drive 1s also tied to a definite physiological condition, the
presence of certain hormones 1 the blood stream But 1t would
once more be an oversimplification to make this the only factor:
like eating, sex behavior 1s not reducible to any sumple formula
(Beach, 1947a), and 1t serves especiaily to make clear a further
complexity of the problem of motivation This concerns the
hume relatrons mn the orgamsm’s responsiveness to a particular
class of stmulation In sex behawvior, the problem appears
the comparatively slow build-up of tnterest (that 1s, responsive-
ness to or seeking out of gemtal stimulation) and its frequently
abrupt declure, following orgasm humoral conditions presum-
ably remamng constant. A roughly parallel course of events is
to be seen m other behavior, particularly 1n the altermation of
sleep and waking, but also mn almost any behavior that 1s a
source of pleasure It should therefore have an important place
in the theory of motivation

A constant property of mammalian behavior 1s a varability of
responsiveness to the environment that cannot be ascribed to
conditions onigmating outside the nervous system-it appears,
that 1s, to reflect something mtrinsic to the orgamzation of cere-

bral achvity. I have already emphasized in Chapter 7 thus
207
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variability of athtude (or interest), and I propose now to look
closer at 1ts neural basis The reader will recall, further, that
“motivation™ has been treated not as a dishinet process, separate
from learnmg, msight, or attitude, but as a useful first approxi-
mation whose mam reference 15 to the temporal organmzation of
cerebral events (Chapter 8) The present discussion accordmgly
deals with the slow change or “drft” of motivation, but nter-
prets motivation m a rather broad sense.

THE PROBLEM OF A LASTING EXCITATION, FATIGUE,
OR INHIBITION

The problem of this chapter is the relationship between
cychcal changes of responsiveness m the whole ammal and °
events 1 the nervous system A permanent change of respen-
siveness, of course, 1s called learning, and does not concern us
here, but one that mvolves a continuing alternation of respon-
siveness to some stmulation, each phase lasting perhaps for
hours before revertng prechctably to the other, 1s a different
matter In descnbing the behawvior, such transient condihons
may be called excitation or fatigue, which 1s a commonly ac-
cepted and useful terminology. It has, however, certain dan-
gers and may conceal certam complications for the theory of
behavior. “Excitation,” “mmhibition,” and “fatigue,” as prolonged
neural conditions * determmning the behavior of the whole am-
mal, are conceptions which perhaps dre not a prumary concern
for the neurophysiologist but which certamly need examination
m psychological theory .

When an anmnal is “excited” what happens—simply an in-
crease of total cortical achvity? What changes take place when
excitability, or responsiveness to a particular kind of stimulation,

# It will be evident that a discussion of fahgne on this hasis 18 not very
closely related to the undertaking of Bartley and Chute (1947), who define
fatigue as a form of expenience that 18 the outcome of mental conflict They
have not been mainly concerned with the newal mechamsm of this con-
flict, or with the nature of the “loss of interest” which contributes to it
Their emphads on the complexites of fatigue, however, strengthens the
present argument that it should not be hghily invoked 2s an explanatory
concephon,
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increases over a period of hours, days, or weeks? Is there sumply
a decrease of cortical firmg 1 “mental fatigue™? When the
cortex inhibats a certam hypothalamic pattern of response, 1s one
group of cells preventing the firng of another group? Presum-
ably, these questions cannot be definitely answered at present,
but it should be seen that the answers are not obwvious, and that,
when the temporal characteristics of excitation are taken into
account, the question of 1ts neural basis becomes a crucial one,
for physiological psychology at least And so with mhibihon
and fatigue

Consider excitation first There are two aspects of the prob-
lem. one 1s sumply the duration of the excitation following brief
stimulaton, It seems generally recogmzed now that an excita-
tion which endures for minutes or longer at once raises a ques-
tion of the special mechamsm mvolved. The all-ar-none excita-
tion m the nerve cell i1s almost mfinitesymal m duration, bearmng
httle relation to behavioral exertations that take an appreciable
time to develop The widespread theoretical interest mn rever-
beratory or re-entrant pathways as the basis of a continuing ex-
citation 1n the central nervous-system shows that this side of the
problem has been recognized (unlike the problem of a conting-
mg mhibition, as we shall see m a moment).

But another aspect of the problem of excitabon needs more
attention A behawvioral excitation, an increase in some bodily
activity, 1s not necessarily a sign of an ncreased neural activity
either m the bram as & whole or m some one part of it The
pomt 1s well ustrated by the process of getting drunk. A smali
amount of alcohol may be an excitant—socially, and n 1ts imme-
diate net effect on behavior—but this of course does not prove
that alcchol 1s a neural excitant, it does not even prove that
lower centers are bemng released from cortical inhibition.

There 15 a fallacy here which 15 most likely to be made when
one 15 thmking of different kinds of behavior as controlled by
different parts of the bram “There 15 an merease m certan
behavior, therefore some part of the brain 1s more active, there-
fore—supposing that alcohel 1s not a neural excitant but a de-
pressant—a higher inlibition has been removed.”

Perhaps this 1s what happens The pont, however, is that it
is not logically inescapable A change of behavior does not
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necessarily mean that some neural units, achve before, have be-
come machve, and that mmactive ones have become active (ex-
cept at the level of the final common path, and very often not
even here smce the same effectors may enter mnto different re-
sponses) The same neural cells may stll be active, but 1n new
combmations, when a different response occurs, This 1s one of
the profoundly important implications of recognizing the role of
timing m neural transmission and of such conceptions as that
of “optional transmission” (Lorente de N4, 1933) Stumulate
AB and CD and the excitation follows one set of pathways,
stmulate AC and BD and the excitation may follow different
efferent pathways and determme a totally different response—
although the same mternuneial cells are active

The behavior of the drunk may' be produced because alcohol,
depressing all neural cells, depresses some more rapidly than
others and so changes the pattern of finng throughout the cere-
brum The cortex of course may be more affected than the rest
of the bram, but this 1s different from saymg that the activity
of the bramn stem actually mereases with the admimistration of
alcohol The idea that cortical function can be almost elimi-
nated before lower centers are affected 1s scarcely tenable, and
m fact the drunk, up to the moment of collapse, does not m
any way resemble a decorticate preparabon but continues to
manifest behavior that we know 1s fully dependent on the
cerebral cortex, The behavior changes and may be less adap-
tive, but 1s 1t less “cortical” and more “hypothzlamc” or more
“mesencephahc”P

The theory that drunken behavior 15 due to loss of corheal
mhibition 1s open to these objections first, 1t mmphes that the
inhibition, during long periods of sobriety, has an astoushing
duration and efficacy—a pomt to which we shall return, and
secondly, 1t seems to umply that all drunks should act much
more alike than they do, perhaps approachmg the picture of
sham rage before passmg mto stupor The other possibility,
suggested above, 1s that alcohol from the first knocks out cells
m the hypothalamus and stratum as well as 1n the cortex, and
slows up finng rates, thus reducing the complexity of cerebral
orgamzation but leaving untl the last some cortical as well as
subcortical function Whether this 15 s0 or not, it 1s encugh to
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show that there 15 no logical necessity of regardmg drunken
rudeness or hyperactivity as a loss of mhibition that permits an
absolute tncrease of neural activity 1n some part of the bram

Two pomts have been made concerning a lashng excitation m
behavior the long duration must be accounted for, and an m-
crease of some kind of behavior does not always or necessarily
mean an mcreased achivity in some region of the central nervous
system The same two powmnts apply to inhibition and fatigue.

If a decrease of bodily activaty that lasts more than seconds 1s
to be explammed by a neural mhibthon or neural fatigue, some
explanation 1s needed of the duration, and secondly, the decrease
of bodily actrvity 15 not @ priors proof that such an mhibition or
fatigue exsts. There 1s nsk mm assummg that eny prolonged
change in some aspect of behavior means a parallel change n
some one part of the brain that mental fabgue 15 2 neural fa-
tigue, or that a suppression of anger means that some one set of
cells (preferably cortical) suppresses the firng of some other set
(preferably hypothalame) A decrease of bodily activity does
not always mean a decrease of neural activity. sleep may consist
only of a change of the combmations :n which cortical cells
fire— e , may essentially be hypersynchrony, with no decrease of
total activity, and the EEG offers evidence that immobility and
unresponsiveness can accompany a considerable cortical activity
(Jasper, 1941).

It 1s commonplace to say that an orgame whole has properties
other than the sum of the properties of its parts m 1sclabon The
necessary corollary 15 this do not take for granted that the parts
of a neural complex—or that any one part—must act in parallel
with the achon of the whole The fatigue that leads to pro-
longed sleep, or the disappearance of sexual responsiveness after
ejaculabon—often for hours afterward—is not proof of fatigue m
cortical cells, or of an mhihon of sexuzl centers, for corre-
sponding periods of time.

Fatigue as demonstrated physiologically in the neuron (the
refractory period) has a duration measured in milliseconds
“Mental fatigue” may be a phenomenon of behavior, but its
duration gives us no warrant for identifying it with a primary
neural fatigue. Similarly, the mhibition that 15 studied 1 lower
neural centers (where a faurly direct inference 1s possible con-
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cerning what happens in the single neuron) is a bnefly lasting
process that s promptly followed by excitation. In a matter of
seconds 1t becomes possible for any strong excitation to break
through. Consequently, to speak of an inlibition that lasts -
defimtely 15 not just making use of the estabhished conception of
spmal reflex mhibibon but mtroducng a different one. The
conception may be quite valid, but 1t 1s not necessarily the cs
of Sherrmgton (1925)

This pomt applies to the idea that pam fibers 1 a sound tooth
can be continuously prevented from finng {p. 188), that the
sham-rage center in a good-natured, normal cat 1s continuously
mhibited by the cortex, or that a conditioned mhibition (Pavlov,
1928) can account for schizophrenic catatonia or for long-stand-
mg Freudian repressions Some of these 1deas assume first that
each form of behavior is determined by a separate part of the
central nervous system, and ell of them assume secondly that
mhibiion may have an extraordinary degree of persistence.

When for example damage to the frontal lobe 1s followed by
an increased appetite, or mcreased sexuahty, or increased re-
sponsiveness to carotid-sinus stimulation, some climical wniters
are prone to take for granted that this 1s of necessity evidence
that the frontal lobe normally mhibits whatever lower centers
are involved Not at all, the normal action of the frontal lobe
(and of the rest of the cortex) may be only to stmulate lower
centers, but determming at the same time a particular timing of
action m those centers The behavior that results 15 a funchon
of this bming, removal of the stsmulation (not inhibition) from
the frontal lobe means a different pattern of firmg and so a
change 1n behavior. It must be realized that when a patient
says nasty things to his friends efter lobotomy he uses the same
effectors as when he 1s polite—but in a different finng combma-
bon, and the appearance of rudeness followmg brain damage
does not show that there 1s a rudeness center m the bramn, nor-
mally inhibited by the region that has now been damaged.

Decerebrate ngidity, agam, may imply either (1) that the
cerebrum acts primanly to dimmmsh the achvity of ventral-horn
cells, or (2) that its action stmulates only, and m stmulating
continually modifies the activity of the mtnnsic circuits of the
spmnal cord which if left to themselves would simply rase the
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level of tome contraction. It is legitimate (though possibly con-
fusing) to speak of the cerebrum here as “inhibiting” the action
of these circuits, my point 1s to draw attention to the differ-
ence m meanng between such usage, and the usage when one
speaks of mhibition as the suppression, by one cell, of activity in
another. I have argued that the physiological evidence does not
Justify the 1dea that pamn fibers, for example, may be indefimtely
mhibited. It 1s a long step of inference from the prolonged n-
hibitory action of one complex set of neurons upon another to
an mhibition of the mndividual cell

As a last example of this problem, consider the “suppressor
areas” of the cerebral cortex (von Bonin, Garol, and McCulloch,
1944; McCulloch, 1844s, 1944b)

These areas, m or near areas 2, 4, 8, 19, and 24 of Brodmann,
are widely spaced m the cerebral cortex and appear superficially
to have a primary inhibihing achon  Stimulation of one of them
in the anesthehzed animal may have two effects relaxation of
the musculature on the opposite side of the body, and disap-
pearance of electrical potentials throughout the rest of the cortex
This might appear to be a direct suppression of neural activity,
as a positive action by one set of cells in the cortex that pre-
vents the activity of other cells It might appear to justfy, once
and for all, the conception of a primary mhibitory function of
the cerebral cortex.

The expermmental evidence, certainly, has made it clear that
stimulation of a suppressor area may produce a decrement of
achvity. But this leaves two questions: 13 thus inhabition, in the
sense that the vagus inhibits heart muscle, the same inhibition
that presumably must operate m Lloyd's two-neuron spinal reflex
arc (Fulton, 1943)? and does it occur as a result of the normal
action of suppressor-area cells, or only as a function of massive
nonphysiological stimulation by electrical current or strychnini-
zation?

Suppose for a moment that the normal action of the suppressor
area 15 a facilitation of other cortical activity, that the function
of areas 45, 19, and so on, 15 like the function of the reticular
substance m 1ts facilitation of oculo-motor reflexes (Lorente de
Né, 1939) On the lines of the theory of the preceding chapters,
integrated behavior requires a diffuse finng m the cortex. But
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a massive electnical stimulation would fire all the cells m one
region together and prevent therr entering nto the diffuse pat-
terns of finng necessary to the normal cortical control of be-
havior That 15, the “inhubibon” would be a loss of essential
facihitation only.

The evidence presented by McCulloch (1944b) fits mto such
a picture Suppressor areas are directly connected with the
caudate nucleus, and direct shmulation of the caudate produces
“large, long voltages” m thalamic nucler McCulloch, accord-
mgly, has suggested that the action of the caudate, m “suppres-
sion,” 15 not a posiive immhibition but the mduction of rhythms
of thalamme activaty that are incompatible with normal thalamo-
cortical reverberation

Finally, 1t 1s important to see that the suppression cannot be
a direct mhibitory action from one part of the cortex on another,
both because the strychmmzed suppressor area does not appear
to fire directly to other areas m the cortex and because of the
observed time relations. The first effect of suppressor-area stomu-
lation 1s the appearance of spikes m the immediate neighbor-
hood, but with no simultaneous loss of potentials elsewhere
Next, 2 spreading extinction of potentials moves outward from
the point stmulated, affecting the suppressor area before affect-
ing others. If the cells m this area were mhibitory, a high level
of finng here should comcide m time with a low level elsewhere,
but this 1s not what bappens The suppressor area suppresses
stself first, and then, after it has itself become mactive, makes
others tnactive. Obwviously, this does not fit in with the 1dea that
suppressor-area cells are mhubiting other cells but does fit m
with the idea of a slowly spreading loss of facilitatron—the mm-
plication of McCulloch’s remarks

It 15 stll early for final interpretation of much of the work that
has been done m this feld The nature of even spinal inhibi-
tion 15 still a disputed question, and there are serious dangers
m applymg the conception duectly to the complexities of cere-
bral function, especially when the time properties of a decrement
of activity are found to be markedly different If it were safe
to assume a true long-term mnbition {or, equally, fabgue) 1n
cerebral action, 1t would greatly simphfy the task of the psy-
chologist. As matters stand, however, this 1s not justiffied. It 1s


http://www.cvisiontech.com

The Time Course of Sexual Motivation 215

necessary to recognize the problems for behavioral theory that
result from_this fact.

Now let us see more specifically what some of these prob-
lems are.

THE TIME COURSE OF SEXUAL MOTIVATION

What we are 1nterested i here, essentally, 15 the nature of a
behavioral excitation, and this perhaps would present no par-
ticular problem if it were not for the way mn which excitability
and excrtation develop and declme, The difficulty 1s clearest in
sexual behawior.

The review of studies of mammalian sex behavior by Beach
(1947a, 1947b, 1948) makes for emphasis on an interaction of
sensory and central factors It has been clearly shown that the
arousal of sex behavior does not depend on any particular sen-
sory shmulation—on olfactory, visual, or auditory stimuli, nor on
somesthetic shmulation from the gemitalia or from other regions
of the body If gonadal hormones are also considered to be
stimuh, arousing receptor organs in the bram, even this stimula-
tion 15 not always essential to sexual arousal (smce gonadectomy
frequently does not put an end to copulation) Nevertheless,
all these factors normally play a part in the arousal. Therr effect
is additive.

The presence of gonadal hormones in the blood stream does
not often produce contmuous sexual excitement, and 1t appears
that a normal level of hormone facilitates certamn effects of sen-
sory stimulation, selectively, rather than itself producing any
specific pattern of coordinated responses When essentral stimu-
lation 1s lacking, the motor pattern of copulation 1s apt to deviate
from the norm or not to be completed Also, “There 183 ens-
dence that the cortex 1s mvolved m the arousal and mainte-
nance of the male’s sexual excitement, and reduction 1n suscep-
tibility to sexual arousal subsequent to cortical mjury appears to
be proportional to the amount of neopalhum removed” (Beach,
1042, p 187). The evidence thus gives us a picture of sexual
excitation as bemng produced by the close collaboration of sen-
sory and central mechanisms.

Durmg courtship and during copulation up to the pomt of
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orgasm, activity m the “central excitatory mechamsm”™ (Beach,
1942) summates, cooperating closely with sensory stimulation
and producing forms of behavior which mcrease that stmula-
tion, until the jomt effect of sensation and central facihtation
reaches a final hmen of response. Then, abruptly, the central
excitatory mechanism 18 somehow discharged, or, alternatively,
an mhibition or fabgue not evident before suddenly assumes
maximal effectiveness and may last without interruption for
hours.

It 15, I beleve, the first of the alternatives—a slow growth of
excitation followed by a condenserhke chscharge—that should be
explored theoretically. It has already been said that it would
be very desirable for psychological theory to be able to postulate
an mhibition or fatigue 1n such cases to explain the transient
disappearance of responsiveness But there are difficulties about
doing so, as we have seen, and for the present there is no ad-
vantage n postulating a special mhibiton m sexual behavior—as
if we understood the excitation but not its absence Really, we
do not understand either, and a transient disappearance of
excitability may be nherent m the nature of the behavioral ex-
citation itself Nothing that has been saxd in this discussion has
made 1t impossible to suppose that the mhibition referred to
above does exist, but if this 15 assumed, the essenhal problem
of the time relations remawns. ‘The mhbition must be such as
to last for days, on occasion, waning slowly i the older subject
who may be capable of copulation only after days of recupera-
tion from an earber copulation (Kinsey, Pomeroy, and Martin,
1948). This 1s no easier to explamn than an equally slow nse
of excitabuity.

Let us turn now to the similar problem of sleep, before askng
how this problem mght be solved

THE ALTERNATION OF SLEEP AND WAKING

The comparatively well-defined course of sexual arousal pro-
vides a clear example of a generally unsolved problem concern-
g cychcal changes of excitability, It cannot be asserted that
fluctuations m sexual excrtability, and the diurnal fluctuation of
general excitabihity called the sleep cycle, must have the same
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mechamsm, but the two have important sumilanties, and 1t may
be profitable to proceed on the working hypothesis that the
problems are m essence the same The course of sexual motiva-
tion suggests that a cychcal change may be mherent in the
process of excitahon, so that an extended period of arousal must
eventually be followed by an extended period of unresponsive-
ness (though the reason 15 hard to see), and this of course 1s
exactly what happens i the alternation of sleep and waking

Physiological study of sleep has centered about two questions-
(1) whether sleep may be determmed by one of several condi-
tions external to the nervous system, such as muscular fatigue,
the accumulation of toxms, and so on, (2} whether it may be
due to the action of a sleep center, or maction of a wakng
center, within the nervous system itself (Kleitman, 1939, Nauta,
1946). Research has emphasized the importance of a waking
ceater m the caudal hypothalamus, its action evidently has much
to do with reguletion of the sleep cycle Further kaowledge on
these two pomts must be obtammed by physiological methods,
and the present discussion will not contnbute to 1t

But there 13 also (3) a psychological factor of “mterest” or
“baredom” 1 sleep (Kleitman, 1939) With thuis we are directly
concerned 'The theory developed in the preceding chapters has
definite implhications about sleep, sleep has m fact been referred
to repeatedly because it seems not to be an isolated phe-
nomenon but an aspect of processes fundamentally invelved i
learning, for example, or vohtion or emotional disturbance—and
these implications make 1t possible to deal with the “cortical” or
“higher” components 1n sleep

Return to the earlier discussions of spontaneous neural actnaty,
and its relaton to sensahon and consciousness (pp 9, 121-4,
148), We have, to start with, (1) the suggestion by Bartley and
Bishop (1933) and Adnan and Matthews (1534) that uncan.
sciousness may be the result of a lack of afferent activity, and
(2) that this excitatton pormally has the function of breakmg
up the synchranous spontaneous finug of central nervous tissue.
Add to this (3) that the EEG 1n sleep shows a marked hyper-
synchrony and {4) the general conclusion of Jasper (1941) that
hypersynchrony may be opposed to adaptive behavior. We then
have (5) a picture of sleep as a state in which sensation has last
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its usual control of central neural firng, and 1n which a large seg-
ment of the cerebrum has dnfted, from the diffuse firing neces-
sary "to adaptive behavior, mto the hypersynchrony of uncon-
sclousness,

From such ideas 1t is a short step to thinking of sleep as a
functional deafferentation of the cerebral cortex (Klertman,
1939). But this phrase should be used cauticusly It may sug-
gest for example that consciousness 1s & function of the cortex
alone, or that the cortex 1s an isolable unit physiologically.

Even m the anesthetized anmimal, cortical action 1s closely re-
lated to activity m cortico-diencephalic cireuits (Mornison and
Dempsey, 1943, McCulloch, 18445, Murphy and Gelthorn, 1945).
There 15 probably a continuous mterachion with the stnatum as
well (McCulloch, 19445)  Also, the term deafferentation may
overemphasize the role of sensation in the sleep cycle of the
normal apimal. Important though 1t 15, the level of sensory ac-
tivity does not alone determne sleep or waking. This of course
1s the point made by Kleitman’s “wakefulness of chowce” as well
as by his emphasis on boredom as a source of sleep Wakeful-
ness of choice 1s mamly a charactenstic of lugher anumals. when
a pomt 1s reached m the cycle at which sleep may occur, whether
1t does or does not depends on certam cerebral activibes (re-
ferred to as conscious 1 man), as well as on the subject’s
environment.

With some quahfication, however, the 1dea of a functional
deafferentation 1s valuable How would 1t occur? Structural
connechions with the sense organs are, presumably, unchanged
as one goes to sleep. The wakmg center m the posterior hypo-
thalamus, whose destruction leads to a continuing sleep, 1s not
the portal by which afferent excitation reaches the cortex. It
cannot therefore sumply act hike a valve, periodically cutting off
the cortex from stmulation. However, 1t could be an essenhal
Iink mn a system “priming” the cortex for the reception of af-
ferent impulses (Morgan, 1943) This would mmply that the
diffuse firng of the cortex cannot be mamtamed by afferent
mmpulses alone; m terms of the present theory, it mphes either
that one cell-assembly cannot arouse the next, mn a “phase se-
quence,” without supporting faciitation from the waking system,
or else that some sigmficantly large fraction of assemblies mcor-
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porate cells from the waking system Damage to this system,
or synchrony of finng i it, would then mterfere with assembly
achion and consciousness

This does not localize consciousness or the walang state but
assumes that the kind of activity throughout the cerebrum which
we call consciousness 15 dependent on actvity within a more
himited region* primanly, the waking center m the mammullary
bodies, or m the neighbormg posterior hypothalamus and an-
terior mesencephalon (Nauta, 1946), and the intralammnar and
mdlme nucler of the thalamus (Penfield and Jasper, 1946, Jasper
and Fortuyn, 1946). The essential structures i waking may
also include the anterior cingular region (Brodmann's area 24,
one of the suppressor areas) The cingular area 1s connected
with the waking center vig the mammllothalamic tract and the
antenor nuclei of the thalamus, and Smith (1945) showed that
stimulation of the area produces a transient condition apparently
equal to sleep, except m duration

At first glance, this would mean that the cingular area 1s 2
sleep center, not a waking center, but the function of a waking
center 15 to mamtamn a diffuse finng, and a strong electrical
shmulation finng a large number of cells m the area all at once
would prevent 1t from having this function—the same point that
was made m discussing the action of other suppressor areas

If thus the activaty of the posterior hypothalamus 1s necessary
to the mamtenance of diffuse firnng, the antenor hypothalamus
may have a similar function, a pacemaker for the synchronous
corhcal finng of sleep It may, that 1s, be a sleep center, as
Nauta {1948) appears to have demonstrated experimentally I
shall urge 1n & moment that sleep 1s not a negative thing, not a
mere lack of the orgamzed activity of consciousness but the pres-
ence of an slternative orgamzation, and the existence of a sleep
center fits mto tlns conception

From this pomt of view, we might consider that the cerebrum
deafferents itself to produce sleep by failing to provide the
facihitation that 1s necessary for environmental stimulation to
mamtam any control of cerebral firmg ‘The cerebrum also de-
afferents itself indirectly by ceasmg to mmhate motor activity,
which at once means a decrease 1n sensory shmulation But we
must go farther than this The conditions that produce sleep


http://www.cvisiontech.com

220 The Problem of Motivational Drift

are not merely negative the fact 1s that some stmulations con-
tribute positively to sleep, and sleep 1s remforced by learning.
Physiclogically, also, 1t 1s evident that hypersynchrony s not a
random affarr but orgamzed, so that going to sleep means the
positive substitution of one orgamzation for another. This was
referred to m an earher chapter as the mtrmsic orgamzation of
cerebral achiom, and 1t was suggested there how a prenatal learn-
g process mught conimbute to it, if the orgamzation is not
sumply due to the action of mhented pacemakers m the cere-
brum (footnote, pp. 121-2).

On the same assumptions that justfied the conception of the
formation of cell-assemblies (Chapter 4), an afferent activity
that comcides frequently with a synchronous firmg will estab-
hsh synaptic knobs between the afferent fibers and any members
of the synchronously finng pool with which they come into con-
tact Repetiion of that afferent excitation will then tend to
support the synchrony, or re-establish it, which means a mecha-
mism of learming to go to sleep  One may have to learn to sleep
easily m the dayhght or in unusual conditions, an habitual pos-
ture often helps one to get to sleep, and even habitual noises
may do so, the lack of famhar shmulation delaymg the onset of
sleep or—if 1t occurs 1n the might—~wakmg the sleeper., Kleitman
(1939) considers that the sleep cycle of the adult 15 a function
of learning, and m old age, when other learned behavior 1s de-
teroratng, we find the cycle also tendmg to return to a more
mfantile stage Thus an accustomed shmulation may actively
support hypersynchrony, as a learned relationship that 1s affected
(just as other learmung may be) by cortical atrophy All this
involves a further qualification of the “deafferentation” 1des,
one might suggest perhaps that sleep 15 more a de-efferentation.

The rationale of the de-efferentation should perhaps be made
explicit here 1t 15 sumply that normal waking behavior 15 a
highly selective set of contractions of muscle, 1n which 1t is
usually quite essential that antagomusts are not both at peak ac-
tiity sunultaneously, but m alternation, and i which a par-
ticular contraction must have a particular strength and endure
only for a parbcular length of thme. It 15 thns that requires a
dispersed finng 1n the cerebral cortex I have referred to Jas-
per’s conclusion that hypersynchrony per se is opposed to adap-
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tive behavior, 1t 1s evidently opposed also to the process of
thinkmg, which tends to break up even the moderate synchro-
nization of the alpha thythm Smmilarly, Kleitman has remarked
the negative correlation between (1) hypersynchrony m sleep
and (2) the responsiveness of the sleeper or the extent to which
his dreams are orgamzed and rememberable Fmally, Loucks
(1938) found that a condibioned response to direct stimulation
of the visual cortex could not be elicited 1 the sleepmg anmmal.
here, clearly, deafferentahon of the cortex 1s not an explanation
of the failure of stmulation to ehcit a response *

These facts appear to mean that the pyramdal-tract control of
ventral-hom cells and cells of the motor nucler of the bramn stem
depends on a dispersed finrmg m the efferent fibers from the
cortex, except when 2 very ugh degree of synchromzation pro-
duces an outnght convulsion, It can be supposed, then, that the
degree of synchrony mn sleep (and m petit mal) 1s too great for
the temporally integrated control of muscle and too low to pro-
duce convulsions,

One consequence of such ideas 1s the conclusion that sleep
produces relaxation as much as relaxation produces sleep. This
makes possible a vicious circle, or cumulative reciprocal mflu-
ence, that partly explams the gradualness of change from waking
to sleep and vice versa, The drft from a dispersed firng to
synchrony mght be mmtiated within the cerebrum, if there 15 a
sleep center m the anterior hypothalamus, cells m this region
would start to recruit others and mught assume control of local
cortical areas, which 1 turn would mean a decrease m the
number of cells available for assembly action and a decrease 1
muscle tonus The consequent lowermg of afferent excitation
would further the same dnift mto hypersynchrony

In waking, on the other hand, sensory stimulation would be
considered to wean transmission umts away from the pools of
synchronous finng, each accession to this asynchronous assembly

* Thys one experumental fact alone might justify the treatment of sleep that
is made m these pages The cortical transmssion that would be involved
m a conditioned reflex, accordmg to the phase-sequence hypothesis, depends
on the series of assembly actions that 1s replaced m sleep by & local syn-
chrony of finmg, 50 even when a shmulus 13 apphed directly fo the cortex
it could not ehecit an adaphive response (in deep sleep)
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achon would mcrease muscle action and increase afferent excs-
tation, and so on.

The expenmental evidence has shown that a parbicular region
has a crucial role n such changes, there 15 a waking center, and
Nauta has given reason for thinking that there 1s a sleep center
as well. But such centers may be necessary only m coordmat-
ing the action of the relatively large mammsahan cerébrum, and
the same kind of process might occur in a smaller brain without
special pacemaking centers. Also, even 1 man, waking or sleep
may not be necessanly mitiated by changes m such centers
Sleep s produced by cortical lesions {Davison and Demuth,
1945) and may be interrupted by mghtmares—a “conscious” ac-
tiity. It may be profitable to consider sleep and walong as an
alternation of excitability to which any central nervous fissue 1s
prone, but which can be coordinated throughout the whole
cerebrum only by the regulating action of special structures
the hypothalamus. When the action of these structures 15 1m-
parred, disorgamzaton of neural finng 13 possible: producing
emotional disturbance Interference with the sleep mechanism
15 accompamed by imtabihity (Nauta, 1946), and the imtabihity
commonly seen when sleep is gbruptly cut short, but which
nevertheless disappears soon, as the subject becomes fully awake,
mdicates that between the mtrinsic orgamzahon of sleep and
the conscious orgamzation of waking there may agam be an
interval of disorgamzation of cortical fining.

The role of psychological infuence in determmmg the rate of
drift from the diffuse orgamzation to the mtrinsic organszation
appears to mean that some phase sequences are more firmly
estabhshed than others. that 1s, are more capable of perpetuat-
mg themselves, The level of stimulaton from sense organs
affects the persistence, and a phase sequence may perpetuate
itself by raismg this level, as when one kmts s brow and
prnches himself to stay awake.

Other phase sequences doom themselves to a short career by
lowermg the Ievel of stmulation, except for stimul: that make
for hypersynchrony. When such a phase sequence s in com-
mand, we say that the subject “trics to sleep,” seeking relaxation,
darkness, and quiet But as we have seen there 1s a further
cerebral factor, which becomes our next concern.
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This is the factor of inferest or motivation, which is provi-
sionally translated imnto the stahdity and persistence of the phase
sequence It appears ficst mn the fact that no amount of muscular
relaxation and quiet is likely to put the subject to sleep m the
morning just after he has slept through the mght; or, m other
circumstances, 1n the fact that a good hight, & loud voice, and a
hard pew are not enough to keep one’s eyes open Agam, if the
reader cares to make a litdle experiment and turns from thas
book to a detechve story, costume thrller, or senhimental family
pilece—whatever his preference may be—he will find himself wide
awake again though he sits m the same chair, with the same
hght and the same degree of quet, with the same degree of
eyesizain 1» readmg the same 26 letters of the alphabet (but
happily contrived mn other words). The problem raised here
concerns the relationship between sensory mput and the phase
sequence, what characteristic 1t is, m this relationship, that tends
to prolong the phase sequence and avert sleep

Another facet of the relatrtonship can be added at anca: na
matter how exciting a first reading of the detective story may
have been, 1t will have lost this property on rereading unless
considerable time has elapsed. To common sense, the reason 18
obvious The fun is gone when you know exactly what happens
next But it 18 not obvious theoretically—if the book kept one
awake yesterday, why not today? If a particular sequence of
sensory events tones up the waking center, keeps hypersynchrony
to a mimynum, and mamtamns pyramidal-tract control of the
muscles, why should 1t not have the same physiological effects
a second time®

In ths, as I shzall try to show, there 15 a clue to the sources of
motivation, and “pleasure” In view of the defintion of motiva-
tion proposed m the precedng chapter, that it consists of the
directedness and persistence of the phase sequence, we must
consider sleep to be the extreme case of a loss of maotivahon.
From the discussion m the present chapter, it has appeared that
sleep 15 not an isolated topic—not an 1solated phenomenon de-
pendent only on certam nucle: in the hypothalamus and amount-
g only to an imntermittent cessation of cortical function The
frequently slow transibon from unresponsiveness to full respon-
siveness (that is, from sleep to being wide awake) presents the
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same difficulty for theory that the slow development of sexual
responsiveness does, and m Ius conception of “wakefulness of
choce” Klestman has evidently related waking and sleep to a
much wider problem of motivation Let us see what approach
can be found in the commonplace, but theoretically pecuhar, fact
that an event wiich 1s exciting and intereshng on 1ts first occur-
rence 1s likely to be dull and sleep-provokmg on 1ts second.

EFFECTS OF MONOTONY ON LEARNED BEHAVIOR

Certain changes 1p the form of learned behawior, resulting
from repeated or prolonged stmulation, do not seem to agree
with the fact that repetition 15 usually what established that
particular form of response in the first place, and 15 also neces-
sary to maintain 1t. Dunlap (1932) has shown how the dehb-
erate repetition of a response may elminate, mstead of strength-
enmg, it Hovland (1938) has descnibed an “mlibition of rem-
forcement” from too many successive prachce tnals of a conds-
boned response As Hilgard and Marquus have remarked, Pavlov
(1928) found it advisable to space tnals wadely, m sethng up a
difficult discrimination; and it is well known that in ordinary
learning massed practice does not have the same effect as dis-
tributed practice, Smce a few seconds between trals should be
enough to avert fatigue in the neural cell, one might thmk that
longer mtervals would only promote forgetting, but this does nat
seem to he true

Presumably related to these effects of repetition is the “fading”
discussed by Gardner and Nissen * In prolonged tramung, there
are often periods when prachce seems to have a negative effect,
The more he tries the worse the subject does. In man ths 1s
apt to go with a motivational disturbance, or loss of interest.
One thinks httle of 1t when repeated faxlure reduces motivation,
but after all, why should #? Also, even if the reason for this
were self-evident, a deterioration i performance can take place
when the human subject 15 still “brying as hard as he can,” or m
an ammel, workieg for a food reward, that conhnues to be

*1, Pearl Gardner and Hemry W Nissen, “Smple discrimination be-
havior of young chumpanzees- compansons with humen aments and do-
mestic ammals” (in press, J Genef Psychol.)
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genumnely m need of food and apparently makes every effort to
get it In almost any discrimination trammng there are periods
of detenoration of performance which are usually disregarded
as due to chance but which, as Gardner and Nissen pomt out,
seem to require some further explanation

All these things mght suggest that the connections mvolved
in learming are (1) somehow weakened by bemg activated, and
need a pertod of recovery before they can function well a second
time, but (2) are strengthened, mstead, when the penod of re-
covery has been permutted Hull {1943) has shown the explana-
tory value of such an 1des, though he has put the weakemng
ifluence as a separate inhibitory process {“reactive mnhibition”)
How are we to deal with the apparent weakening in the present
theory?

Two possibilities may be considered—that the cell-assembly
tends to be disrupted by its activation, or that the relationship
between assemblies changes and affects the phase sequence,
There are mdications that hoth thmgs may occur, and can be
dishinguwshed one from the other by behavioral sigas; and, also,
that the effect we are mterested mn 13 pnmarlly an effect on the
phase sequence, not the assembly The argument 15 as follows-

The assumptions made in Chapter 4 about the formation of
assemblies implied, first, that self-mamtamed activity in the as-
sembly would stop after a very short period (up to half a
second ). If nonetheless the arousmng sensory stmulation per-
sists without mntermission, forcing a continued activity, the tend-
ency would be to induce a change of frequency properties in
the assembly. Some fractionation and recruitment would thus
be expected (p 76). The facihitation dehvered to other cere-
bral systems would then be changed, which means some change
in perception. Theoretically, this appears to be exactly what
happens m the notorious effect of prolonged staning at a word
or repeating it over and over to oneself the familiar perception
tends to become something strange and unrecognizable. Such
effects can be regarded, then, as evidence of deterioration 1 the
assembly due to continuous achivation

But the assumptions of Chapter 4 also mmphed, secondly, that
when an assembly has become machve 1t might be aroused
agamm m a matter of a second or so, and after the same short
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mterval aroused once more and so on, indefinitely. The be-
havioral evidence seems to support this, indicating that the smngle
assembly or small group of assembhes can be repeatedly aroused
when some other activity intervenes. m vision, for example, the
perception of vertical line must occur thousands of times an
hour, m conversation, the word “the” must be percerved and
uttered with very high frequency, and so on

Accordmg to the theory, then, the deteriorative effects of re-
peating the same long series of words over agam (loss of -
terest on rereading a novel), or of repeating the same group of
attempted solutions (loss of motvation 1 problem-solving),
should be m the phase sequence mstead of the assembles that
compose 1t that 1s, in the relabon between constituent parts,
not mn the parts themselves The same conclusion 1s indicated
by the fact that the mdividual words of the reread story, or the
details of the unsolved problem, do not appear different (as the
stared-at word does) but have an annoymng sameness Also, a
very mgemous expermment bnefly reported by Lewm (1938)
strengthens the argument:

The subject was required to wnite a word over and over unhl
the task became intolerable. The expernmenter accepted s
refusal to write the word again, agreed to stop the expermment,
but casually requested the subject to wnte the word on the back
of one of the work sheets, to idenhiy it. The subject did so
without difficulty. Thus a change of set, or mtention, banished
fahgue. The assembhes directly necessary to wnting the word
may have been somewhat mmpawed, but not to the pomnt at
which they could not funchon and the mental fahgue must
have mamnly concermned the accompanymg assembly activites
which constitute the subject’s attitude or motivation  The re-
covery 1n this experiment seems closely related to the mcreased
output of mndustnal workers when a change 1s made in their
attitude toward a monotonous task {Roethlisberger and Dickson,
1939). The theoretical significance thus 15 the same as that of
the revitalizmg effect of “msight” (a new combmation of assem-
blies—p 134) on mterest and motivabon This effect 1s greatest
on the first occurrence of the new assembly combmation, on
repetition, the stimulating value declmes, just as when a joke or
a story is heard for the second time.
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These considerations imply that the phase sequence continu-
ally needs new content to mamntain its orgamization and persist-
ence ® It éppears that the individual assembly may be rearcused
mdefinitely at short mtervals, but that the phase sequence as a
whole cannot be—it must continue to develop f motivation 1s to
be mamntained. “Develop” here means to lead to new combina-
tions of assembhes, which m turn means new perceptions, new
msights, new 1deas As we know, such events are excitmg But
why should new combinations be continually necessary to mam-
tam the phase sequence, and with it 2 normal level of excita-
bility? An answer can now be proposed which, m its wider sig-
mficance, will also concern the nature of pleasure, ~

AN HYPOTHESIS OF THE RELATION OF EXCITABILITY
TO MEMORY

To the psychologically naive there 1s no riddle about the fact
that hearmg a story for the second time makes poor entertam-
ment—the better you remember the details of the first telling, the
less your interest i the second. Common sense thus aseribes
the change of excitatory value to a change m memory, and I
shall try next to show how thus idea may be utihzed theoretically.

Our question 1s why 1t 1s not possible to repeat a prolonged

© This conclusion is not contradicted by the fact that long periods of
monotonous work are possble in the factory, where no change of insight
or the like 15 posmble. Habituation to monotony 13 apt to bhe accompamed
by complex daydreaming, which means the development of a parallel
phase-sequence actwity, so the total pattern of cerebral actvity 1s not at all
repeative. The work of Roethlhsberger and Dickson, referred to above,
also shows that the behavior 13 related to the ancillary cerebral actmity

Another possible ghjecthon can zlso be considered here  According to
the hypothests presented in the following section, the mnfant’s capacity for
an endless repetihon of some action or set of words 15 possible because the
phase sequence 15 not yet well enough consohdated to lead to short~ciremt-
mg The followmng section modifies the conclusions of this section mn one
respect, suggeshng that 1t is only the nghly orgamzed phase sequence that
cannot be repeated m detail, if the sequence loses m degree of organiza-
tion with the passage of tme, 1t can occur agam  Accordmgly, the infant's
repetitive action is considered to occur during the penod when orgamiza-
tion 15 being established With completion of that process, the repettion
disappears
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phase sequence mn its entirety~—why 1t must always lead to new
assembly combinations, or else give way to some other cerebral
activity. The answer may be that the mere occurrence of a par-
ticular phase sequence, once, mduces changes at the synapse
{memory) that make 1t impossible for exactly the same sequence
to occur agamn, unless the synaphc changes have disappeared
with time. This can be made more specific, and made to com-
prise an explanation for the slow development of excitability
that has been discussed 1 this chapter This 1s done by shghtly
elaborating the assumptons about the memory trace that were
made 1n Chapter 4 The imphication 1s that an immediate re-
arousal of a phase sequence 15 quite possible, but that the syn-
aphc changes of memory then tend to make the sequence short-
circuit * and run off so quickly that it cannot hold the field long,
if 1t is to endure, and remam coordnated with environmental
shmulation, new elements not so well integrated with it must
enter to delay its course.

Nowhere in the preceding chapters has there been any as-
sumption as to the permanence of the synaptic connections estab-
hished by leaming (though 1t has been concluded that early
learning has, in one way or another, permanent effects on later
leamming}. This is because until row, at least, there has been
no decisive reason to assume either that synaptic knobs once
formed are permanent or that they deteniorate with disuse. If
(1) they are permanent, one bas accounted duwectly for the per-
manent effects of early learning, and may assume that forgetting
occurs &s aa addibon of new learnng the establishment of
further connections changing the time properhes of assembly
function and so changing the facihitation dehvered to other cere-

* The reader will recall that the phase sequence s “Tecumrent™ and
“anticipatory,” contamnmng cyclical conceptual activities schemabzed as

A-B-A-C—B-D—E-F-D-E-C-F-II, et
“Short-cwewting” mught cut such a sequence down to
A-B-D-H, et

That 13, on repetibon the sequence might touch only the high spots, after
soms synaptic knobs have detenorated, however, D might be no konger able
to arouse H directly—only when E, F, and G eare also aroused
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bral systems. The connections originally established would still
be there, but the ongmal habit would disappear, replaced by
a new one Alternatively, (2} one might assume that a knob
disappears with disuse, which accounts durectly for forgetting,
and, since we have seen reason (in Chapter 6) to think that new
leaming incorporates earlier learming as a “transfer” effect, the
persistence of eatly memory can be accounted for because most
early connections are mamtamed by the exercise they receive as
they take part mn the learning of maturity Either of these two
assumptions might thus be made without disturbing the main
structure of the theory

But for the problem now being considered, a solution may be
found f we can adopt assumpton 2, that an unused connection
decays, or, better yet, if we can assume that a very frequently
and long-used connection becomes permanent, but that there is
& stage n the development of synaptic knobs before which the
development 1s reversible The old, long-established memory
would then last, not reversible except with pathological proe-
esses n the bramn, less strongly established memories would
gradually disappear unless remforced.

Now: suppose a man picks up the book he read last week
The title and the first paragraphs recall the story—the phase
sequence tuns off quickly, short-circuited, leaving many of the
cell-assembhes briefly refractory before they can be aroused by
the rest of the printed matter No cooperation 1s then possible
between sensation and central facihitation, the latter 15 too far
ahead Something of this sort would account for the contnued
need of some degree of novelty to mawmtam wakefulness of
chowce. The thoroughly familiar arouses a well-organized phase
sequence, the very fact that it 1s well organized means that it
runs 1ts course promptly, leaving the feld for less well-established
sequences. and so, from this theoretical pont of view, one would
find behavior dominated always by the thought process that is
not fully orgamzed—one that 1s achieving a new orgamzation or
one 1 which synaptic decay makes 1t necessary that organiza-
tion be reachieved.

This means that the subject wall not hinger over the thoroughly
famihiar event even though this 1s the cne that 1s most capable
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of arousing and controlling central processes, the control may
be momentary only The totally unfamibar does not arouse &
phase sequence, so “mnterest” and “mohvation” are hkely to be
preoccupied by whatever s new 1 the combination of familiar
events, and by events that produce some frustration or some
fear {whch tend to break up the phase sequence—Chapter 10)
Rereading a hall-forgotten novel would thus be possible, imme-
diately after the conclusion of any exciting or mnteresting serzes
of events a repetrtion would not be exciting {or not as excibing,
depending on the degree to which synaptic changes have pro-
duced short-circuiting}, 1 the followmg nunutes, hours, or days
the subject’s responsiveness to that sequence of events would
steadily mise as the synaphic changes regressed Sumilarly, the
psychological function of 2 mght’s sleep may be to permat a cer-
tzin decay m the particular connections that were esiablished or
sirengthened by the previous day’s behavior, 50 that the behavior
may recur agan as a cooperahon between sensory and central
processes.

If ¢ should be trug that such reversible growih processes
ocenr, the preblem of the slow changes of exetabity mght
thus be solved. Is the idea at all plavsible? One is accustomed
to thinking of the nerve cell as a stabe structure [as i 15 after
being Hxed and stained), and of growth as a very slow process.
Yet 1t may be recalled that Cajal (among others) comectured
that the change at the synapse i leaming 135 an amebod out-
growth of the cell (see, e.2, Freeman, 1934, footnote p. 23),
whach might need very hittle time for its occurcence

Cajal's proposal has heen disregarded by psychologists and no
longer figures in discussions of leamning Presumably, this is
partly because the whole theory of synaptic connecbions and
resistances fell mto disrepute some hme ago. But it has been
seen {Chapter 1) that modern neuwrophysiology makes it pos-
mble to reopen this entire queshion, and so Cajal’s 1dea canvot
be at once dismussed as fantastic,

As to the bme needed for an outgrowth of the cell wall, we
may note (1) ‘that the actual distance involved may be very
short indeed, and (2) that reverberatory activity i the assembly
would serve to prolong the time mm whnch a structural change
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could be completed An amebod outgrowth would be rever-
sible, but the mere absence of the electrochemical mfluence
which produces the cutgrowth might not act as forcefully and
promptly as its presence So it is possible to assume, in the Lght
of the psychological evidence, that synaphc decay occurs slowly
and perhaps 15 never quite complete. Thus each repetihon of
the ameboid, change at a particular point might leave a gher
residual Jevel, and with a frequent occurrence the outgrowth
mught become permanent These assumptions then would cor-
relate duectly with the fact that memory can be guickly estab-
hished but declines slowly, and with the fact that there is apt to
be ittle or no forgetting of the long-prachiced response.

It is proposed therefore that some such postulate should at the
least be considered seriously, for it would help us to deal not
only with (1) the facts of learning, Dut also with the formidable
difficulty of understanding (2) the reversals of motivahon dis-
cussed 1 this chapter, (3} the length of time over which exerta-
bility (rather than excitahon) may on occasion mcrease, and
{4} mental fatigue without a fabgue of the neurons and effectors
that enter directly into the response. The assumptions discnssed
above do not belp particularly to deal wath a bebawvioral excita-
tion (except to suggest that its time course may depend on the
rate of establishment of new—and reversible—~connections), but
they do appear to account directly for Jong-term changes in excit-
ability, and in general for the psychological component 1n sleep
and waking, in sexual responsiveness and so om, and n the
effects of novelty on these conditions. It 1s of course evident
that some degree of novelty, combined with what s predomi-
nantly familiar, is stimulatimng and exciting over a wide range of
activities—from sexual responsiveness (Beach, 1947a; Kinsey,
Pomeroy, and Marti, 1948} to the appreciation of painting or
music, or the pleasures of exploration

I do not propose fo discuss the neurological assumption fur-
ther, but only point out once more that the decay of memory
allows what has been expenenced to become relatively novel
agmn and, therefore, exciting, so that the necessity of a lapse of
time between repetitions of some activites can now be fitted
into a more general statement of the conditions of pleasure,
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THE NATURE OF PLEASURE

The theory that has been developed imphes that pleasure is
not the activity of particular structures in the nervous system,
and not even a particular kind or pattern of cerebral organiza-
tion, but fundamentally a directed growth or development in
cerebral organization. It is thus necessanly a transient state of
affairs m which a conflict 15 being reduced, an meipient disor-
gamzation bemg dissipated, or a new synthesis 1 assembly ac-
tion bemng achieved The preceding section has tried to explain
why such states of affairs should dominate cerebral processes,
other words, to explam why pleasure should have the peculiar
place m behawvior that it has, without covert recourse to an am-
mistic consciousness, just asethe discussion of emotional disturb-
ance and pain, 1n other chapters, has tned to provide mecham-
cally or determmstically for the avoidance of certan activities
and situations -

Those sensory conditions are called pleasant, then, which con-
tribute to the current development mn the cerebrum, or which
consist of the decline of a sensory process that interferes with
development. If gomng to sleep 1s, as has been suggested, the
establishment of an “mtnnsic” orgamzation, the process accord-
mg to the defimtion above should be pleasant—as in fact 1t 1s,
and to the drowsy subject those stumult are pleasant which ac-
tively support the development of hypersynchrony But some
eight hours later, as the subject 1s waking up, the pleasant sights
and sounds are those that “catch his mterest” and promote
another land of orgamzation, without hypersynchrony. The
same stimulus 1s thus pleasant at one time, not at another,
when the event that could be mteresting later occurs too soon
m the wakng-up process, and disrupts hypersynchrony without
promptly establishing a phase sequence, 1t 1s the very reverse of
pleasant

In view of the discussion in the preceding section of the
effect of short-circustmg on motivation, there 1s a paradoxical
mmplication here Sensory events should not support the phase
sequence too strongly, so that 1t runs its course mmedately and
cannot continue to dominate association-area achvity. The well-
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developed phase sequence depends, for a continued existence,
on repeatedchecks from the environment Hence, as we saw
m the preceding section, the preoccupation with what is new
but not too new, with the mildly frustrating or the mildly fear-
provoking Many adult sports of course depend for therx
pleasure on the presence of some danger, and both Woodworth
(1921) and Valentme (1930) have remarked on the tendency
of children to seek out the frightenmng siuation 1n which the
degree of emotional shmulation remains under control and can
be terminated at will This seems wholly parallel to an adult’s
reading of “thrillers” and ghost stones,

Sumiarly, problem-solving involves frustration, and many of
the activities that are sources of pleasure actually depend on
problem-solving—not only in games hke bridge or chess, but
also, as Woodworth and others have remarked. 1n art apprecia-
tion and novel reading

In music, agam, the dissonances that are harsh and disruptive
at first become pleasant as they become more familiar, but Snally
are dull and boring (Chandler, 1934) The course of events is
first, a dissonance with too much conflict to eheit an orgamzed
cerebral action, secondly, with the establishment of new assem-
blies, or modification of existing ones {due to repeated stimula-
ton by the new tone combination), an orgamzed activity 1s
aroused, 1n which, however, some conflict remams, and, finally,
orgamzation reaches a pomt at which the sensory stimulation no
longer offers any check to the phase sequence, and pleasure has
disappeared. This phenomenon m music mght be subsumed
quite well under Woodworth’s generalization concerning the
role of problem-solving 1n art appreciation, but still more easily
by the present formulation What I have sought here 1s a gen-
eralization that would subsume not only the problem-solving
factor, but also the effects of novelty and of a mild degree of
fear, 1n contributing to pleasure,

In 1ts relation to the rest of the theary presented 1 this book,
the discussion of pleasure has had two significances First, 1t 15
mportant to show that the theory of emotional disturbance
the followng chapter does not require that all conflct 15 un-
pleasant and grossly disruptive of behavior, on the contrary,
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some degree of conflict 15 shmulating and necessary to the main-
tenance of normal responsiveness to the environment

Secondly, whether it 15 eventually found to be adequate or
not, this discussion of pleasure together with the hypotheses of
the nature of pam and emohonal disturbance represents my at-
tempt to be rid once and for all of the little man inside the skul}
who approves of some sensory events relayed to lum by the
nervous system, disapproves of others, and guides behavior ac-
cordingly who encourages shmulation of the afferents from the
gemtahiz 1 his crafty and teleological aum to perpetuate the
species, and who for the same purposes hecomes violent when
C fibers are shmulated or when he foresees that they are gomng
to be By some such approach as the one suggested, 1t may
become possible to understand the directedness and order m
hebavior, and the varability of motivation, as produced by
neurat functioning alone,
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The discussion of emotion has been about as confused as that
of any topic mn psychology, partly because the termmology s
often equivocal and pertly because tradition carries great werght
m this part of the field and 1t 15 hard to keep a modern pomt
of view consistently The present chapter deals with emotional
disturbance mnstead of emobon, for reasons to be made plain,
and the discussion 15 himited mn other respects It 1s not con-
cemed mamly with sham rage and the hypothalamus, or with
emotion as a kind of awareness, or with emotion as 1t may exst
in states of quiet affection and the like “Emotional disturbance”
here 18 used to refer to the violent and unpleasant emotons,
roughly, and to the transient umtabilibes and anxieties of ord:-
nary persons as well as to neurotic or psychotic disorder. Let
me offer what jushfication I can for such an arrangement of
topics.

EMOTION AS DISTINCT FROM SHAM RAGE

Since the work of Bard (1934), the phenomenon of sham
rage and its dependence on the posterior hypothalamus have
held the center of the stage m the theory of emotion But the
analyses of Lashley (1938¢) and Masserman (1942), particu-
larly where they have dealt with the chmical data that were
supposed to establish the diencephalon as the seat of human
emotion, have hmited the emotional functions of this region to
a motor mtegration An equally sigmficant modification of his
earher work has been made by Bard (1842) hmself. He has
reported that rage can be evoked from cats in which the pos-

233
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tenor hypothalamus only has been destroyed—a most smportant
observation.

Thus, “rage” 1s not Jocalized in the hypothalamus. Also, the
rage of the decorticate cat is markedly different from the normal,
so the name “sham rege” was properly chosen and should be
taken Iterally, Sham rage 1s different m its time properties,
lackng duration or after-discharge followmg stimulaton, it 18
different 1n the ngidity of its pattern, having almost none of the
normal variability of motor expression, and it differs radically
m the hmrted range of stumulation that 1s adequate to eliert 1t
Also, Spiegel, Miller, and Oppenheimer (1940} have reported
the produchion of rage by lesions of (1) tuberculum olfactorium,
(2) lppocampus and formx, and (3) amygdalmd complex, and
slight, transient signs of rage from damage to (4) the pyriform
cortex,

Apart from these considerations, there are other emotional
processes besides those that produce overt rage behavior It 1s
true that fear as well as rage has been evoked from the decorti-
cate cat, but apparently only by auditory stmulation and with
considerable difficulty, Further, strong emotional disturbance
can exist in the mtact ammal without producing either clearcut
attack or cowermg and flight. The problem of emotion, 1n short,
1s not simply the problem of the motor pattern of sham rage (or
“sham fear”) It 1s of course essential to have discovered the
unexpected extent to which rage and fear patterns may appear
m the decorhcate aramal Bard's work was one of the most
mmportant smgle contribubons to understanding emotion But,
given that kmowledge, we must go on next to ask how the hypo-
thalamic expression 1s modified by the presence of a large
thalamus and cortex, how learning affects emotional behavior,
and the relationship of emotion to perception and thought.

EMOTION NOT A STATE OF CONSCIOUSNESS

Traditionally, emotion 1s an awareness, an event in conscious-
ness. Here, perhaps more than anywhere else in psychology, a
traditional mteractiomsm {which is animism) tends to persist.
The afferent excitation is thought to produce a feeling or aware-
ness, and that feeling then acts on the nervous system—it must
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do so, according to such ideas, for it is the feeling that makes
the subject sweat or tremble or run away, and the sweat glands
and the legs are controlled by nerve fibers.

Just such an inconsistency of thought has led to an endless,
and pomtless, debate on the James-Lange theory of emotion
What James and Lange were accounting for, agam, was that
emotional feelng or awareness, they postulated that the aware-
ness 15 a set of sensations, that the awareness follows and does
not cause emotional behavior (“I see the bear, I run, I feel
aframd”). Then cnitics proceeded to show that emotional expres-
sion 8 still there m the dog whose sensory processes have been
mterfered with, and thought this a refutation of the theory. But
such an argument 1s totally urelevant, James chd not say that
emotional behavior depends on sensations from the hmbs and
viscera.

1t 15 equally irrelevant to show that emotional expression 1s
centrally organized, in the hypothalamus If James had raised
the question at all, he must have assumed something of the sort;
remember that what be demed was that conscousness intervenes
between shmulus and response Therefore, showing that the
“higher” centers of the cortex are not needed for the response is
clearly support for his posion, The extraordinary non sequitur
of such eriticisms, made by some very distinguished crntics m-
deed, would not be possible if there were not the immutable
1dea that only emotiorial awareness or feeling can produce emo-
tional response If the response 1s there, the feelng must be
also. Such illogic, assuming James to be wrong first, n order to
prove him wrong, 13 the clearest evidence of the hold traditional
ideas have on psychological thought,

But we must get nd of the tradition both for scientific con-
sistency and because psychological observers have been unani-
mous in denymg that there 1s any special, fundamental category
of consciousness that cen be called emotion. “Emotional expen-
ence 1s a hughly vanable state [and] often partakes of the
complicated nature of 2 judgment” (Landis and Hunt, 1932) I
have reviewed the evidence on this pont elsewhere {Hebb,
10468z) and need not go mnto it agam. Since it seems that the
term emotion does not refer to a special kind of event m con-
sciousness, and since in any case we must not slip into the in-
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consistency of treatng en immaterial awareness as a causal
agency, the term 1s not very useful m 1its traditional significance.
At the same tume, we must postulate that the disturbances of
emotional behavior have a neural ongin, and the term emotion
still can be useful to refer to the neural processes that produce
emotional behavior

It 1s important to be clear that m this discussion “emotion” 1s
a reference to the hypothetical neural processes that produce
emotional behavior, expheitly, 1t refers neither to an unmatenal
state of consciousness nor to the observable pattern of emotional
behavior.

EMOTION AS A DISORGANIZING INFLUENCE

The third pomnt to be clarified 1s the distmction between emo-
tional cisturbance and those processes (also called emohonal)
which are mherently organzang and motivatmg. A paper by
Leeper (1948) has urged that all emotion be considered to have
such an integrating funchon He has expressed a commonly
held point of view, and has at the same time I belheve clouded
the 1ssue with which he dealt His position demands consid-
eration.

Leeper has shown effectively that regarding emotion as disor-
ganzing has led some of us mto an mconsistency, but he has
proposed another mconsistency to take its place He pomts out
that others have first defined emotion as a disorgamization of
behavior and have then gone on to give mother-love as one
example of emotion This 1s certamnly mnconsistent But how 1s
1t different logically from defining emotion as something that
makes behavior more efficient and at the same time giving, as
examples, the stage fright that ruins a performance, the anger
that makes a boxer less skillful, and the mental depression that
makes 2 man unable to earn a hving? I must add at once that
Leeper anticipated this cnbhieism.  He answered 1t by saymg that,
though emotion may sometimes disorganize, the disorgamzation
is not charactenishe because it occurs only (1) when emotion
15 exireme, or (2) when the emotion conflicts with some other
motvation As far as one can see, however, the first of these
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explanations depends on & mistaken use of analogy, the second
begs the question.

1. It might be doubted whether emotion 15 disorgamizing only
when extreme A touch of shyness or of self-consciousness, for
example, may sometines rum one’s conversational skills Leave
this to one side, however, and accept the assumphtion that only
strong emohon disrupts behavior

The 1dea that such an effect does not mndicate the true natiire
of emotion depends on this analogy An excess of salt or oxygen
has toxic effects, “but we do not use this as a means of deter-
mining the normal functions of such products. The same loge,
then, should apply to emotional processes” (Leeper, 1948, p.
15) But we must really use the same logic We must, that is,
ask the same question mn both cases. The queshon does not
concern the “normal function” of emotion, but what emotion 2
No one doubts that fear has a useful function, aiding survaval,
the guestion 15, how? Might fear not be a simple dusrupter of
behavior and still be useful, if the disruption 15 mamly of the
behavior that gets us m trouble? Emotion could then be disor-
gamzation and still have its survival value, because the disor-
gamzetion 13 selective, elminating some actions and allowing
others to take their place.

If we accept the analogy between emotion and salt we still
can say that emotion 15 disruptive of behawvior, that 1t generally
has a useful function when 1t occurs m moderate degree and
bad effects when there 1s too much of t—exactly as with salt or
OXygen

2 In discussing the stage frnight that keeps a plamst from
giving a good performance, Leeper says the emotion 1s not a
disorgamizer of behavior because, by itself, it would produce
only fight—a well-organized pattern of behavior This seems to
beg the gueston, since the pranist neither runs away nor stays
to play well Leeper says 1t 1s not the emotion that produces hs
incoordmations, but the conflict. But if there were no conflict
at all, would there be any emotion? Are the conflict and the
emotion quite independent?

The difficulty here 15 clearest by Leepers own crtenon of
“organization” He pomts out first that any directed behavior
means the suppression of conflicting tendencies, so conflict 15 not
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ipso facto disorganization. The test is “whether [an] mterfer-
ence 15 relatively chaotic and haphazard, or whether the sup-
pressions and changes of subordmate activities are harmonious
with some mamn funchon that i1s being served.” The trembling,
palmar sweating, disturbance of breathing, and mcoordinations
of the punist’s fingers, obviously, are not harmomous with the
main function being served—untud he actually runs away Could
we regard his emotion as solely orgamizing even then? See what
this imphes If we are really consistent in saymg that any dis-
organization m emotion s accidental, that emotion 1s essentially
an organizer only, then a well-orgamized avoidance 15 at least as
much an instance of fear as an ill-orgamized one. Consequently,
the pramist who anticipates the possibiity of stage fnght, and
calmly decides to keep away from the stage, pronides as good
an example of emohon as the one that trembles before an auds-
ence We have dehiberately got rid of any critenion of emotion
except that 1t “arouses, sustains, and directs” behavior We have
equated avoidance and fear, aggression and anger. But these
surely are not 1dentical

The upshot of such an argument is to broaden the category
of emotion 30 much that 1t mciudes all psychological processes.
We should then have to find another name for the distmetive
event that—at present—is called emotional.

How are we to find some halfway pomt between this position
and the one that Leeper has cnticized so effectively? 1 think it
is evident that Munn, Young, Dockeray, Woodworth, Landis,
and so on (authors erticized for treating emotion as disorgani-
zation), were nfter all not as absurd as Leeper thought them;
at the same time, he has made untenable the proposition that
“emotion” simply means a disruption of behavior.

A way out, I believe, can be found if we do two things: first,
stop talking about emotions as a single, fundamental kind of
unitary psychological process, and separate (1) those in which
the tendency 18 to mamtain or increase the omgmal stmulating
conditions (pleasurable or mtegrahve emotions) from (2) those
mn which the tendency 15 to abolish or decrease the shmulus
(rage, fear, disgust), including, however, depressions in which
the organism may discover no way of escape from the conditson
giving rise to the emohion. Secondly, of it 15 assumed that
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stimuls mn class 2 above are essentially disintegrative, it must also
be recognized that the disintegration 1n rage or fear 1s often
{inciptent or poteniial and likely to be successfully averted by the
aggression or avoidance of the subject.

As to the first of these points, we have no need to bring to-
gether pleasure-seeking and melanchoha, mother-love and temper
tantrums, always mn the same single category—"emotion.” 1 have,
in the preceding chapter, discussed pleasure as a special prob-
lem, and I propose m this one to try to deal with a quite dif-
ferent sort of process. Smce “emotion” undoubtedly waill often
continue to mean affection or pnde as well as auxiety or shame,
“emotional disturbance” is a better way of designatmg the sub-
ject matter of the present chapter.

BACFE, AND FEAR IN CHIMPANZEES

The theory of emotion proposed by Watson {1924) is by now
classical It held that there are three innate emotions, rage,
fear, and love rage aroused by a restriction of physical move-
ment, fear by a loud nose or sudden loss of support (and pre-
sumably, pam), love by stimulation of the genitalla These
stimulr may then serve to condition others. if a clild fears am-
mals, it 15 because he has been scratched by a cat or knocked
over, perhaps, by a fnendly dog while learming to walk As soon
as one tres to apply this theory to the emotonal disturbances
that are actually observed in children, senous difficulty shows
up, 1t is not reaily plausible, and it has been subjected to pow-
erful enticssm by Denmis (1940) on rage, by Jones and Jones
(1928) on fear, and by Valentine (1830), also on fear But it
has been hard to document the criticism with experimental evi-
dence, for two reasons. First, 1t is not safe or socally permntted
to arouse a strong degree of emohon iz human subjects for
expenimental study Important as the topic is, consequently, we
have surpnisingly hittle exact information about the causes and
consequences of human emotion—above all, of adult emotion.
Secondly, when one studies emotion as it cecurs socially, ontside
the laboratory, 1t 1s almost impossible to know the antecedent
conditions as they must be known if one 1s to understand the
present responses of the subject.
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“™ But neither of these objections need apply to the study of
emotion m amimals, and the chimpanzee fortunately has an emo-.
tonal repertorre that 1s very like man’s The things that annoy
us are apt to annoy hmm, and he shows lis annoyance much as
we do, hus fears m some respects are astonishingly hke man’s—
in what 1s feared, in complexity of the causes of fear, m the re-
lation of fear to intellectual development, i resistance to extmne-
tion or reconditioning, and 1n the marked mndividual differences
between one subject and the next. Even more, there are data
on what were with practical certamty two cases of neurosis or
psychosis mn mature chimpanzees whose histories were known
from birth or very early mnfancy, one born mn the Yerkes Labora-
tories of Primate Biology and one captured m the first year of
Iife, These ammmals of the Yerkes colony can be studied as
human subjects cannot. Ther histories are known m detail,
bemg recorded m mdividual diames With these data, one 1s
m a posttion to see just what complexity of response must be
provided for m a theory of emotion, chromc as well as acute.

The causes of rage may have nothing to do with physical re-
stramt of movement. When the chimpanzee Dita, m heat, would
sit where he could watch her from the next cage but one, Don
scemed calm (if not content), but he had a temper tantrum
repeatedly whenever she left the outer cage for an mner room
where he could not see her. When Mona had a nowsy temper
tantrum because Pan had stolen a peanut from her, Pan was
finally enraged to the pomnt of beating her up A clumpanzee
may be angered by a reproof, by bemg startled, or by bemg
obhged to look at something unpleasant such as a mode! of a
snake These causes act “spontaneously”, that 1s, the emotional
disturbance does not have to be learned, any more than a human
being must learn specially to be angry at disturbance of the
peace, at being shown something nasty, or at bemng momen-
tarily scared by a practical joker (Hebb, 19454)—although, as
we shall see, a certamn kind of learming, n mfancy, may have to
have been estabhished first.

The causes of fear include rot only loud noise or sudden fall,
but snekes with which an ammal has never had contact (ths
can be known certamly with some chimpanzees reared m the
nursery ), solitude, and the strange or mysterrous. McCulloch
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and Haslerud (1939) have analyzed such fears in 2 young chun-
panzee reared quite apart from others, and were thus able to
show that they are not necessanily acquired by “social conditon-
mg” or ymtabon I discovered accidentally that some of the
chimpanzees of the Yerkes colony might have a paroxysm of
terror at bemg shown a model of a human or chimpanzee head
detached from the body, young nfants showed no fear, imncreas-
mg excrtement was evident m the older (half-grown) ammals,
and those adults that were not frankly ternfied were still con-
siderably excited. These individual differences among adults,
and the difference of response at different ages, are quite like
the human differences i attitude toward snakes, the frequency
and strength of fear mecreasing up to the age of seventeen or so
m persons who had never been mjured by a snake (Jones and
Jones, 1928) The increase fits m with the conception that many
fears depend on some degree of mtellectual development, and
so with the idea that the range of such fears 1s characteristic of
“higher” amimals ke man and chimpanzee {McBnde and Hebb,
1948)

The observations using detached heads were then followed up
by others, using various stimuli. an isolated eye and eyebrow, a
cast of a chumpanzee's face, a skull, a cured clumpanzee nde,
an anesthehized chimpanzee.

Two things appeared first, that such stimulation may be pni-
manly a source of profound excitafion, rather than specifically
fear-producmg, the excitation was usually followed by avoid-
ance, but sometimes by aggression, and sometmes 1t produced
a marked autonomic reachion combined with apparent fmendli-
ness On occasion, a confusing mixture of all these reachons
was seen

Secondly, this pnmtive excitation appeared to be fully parallel
to the human emotional disturbance that may occur at the sight
of a badly deformed face, ;n watching a major operation, dis-
sechon, or autopsy for the first time, or as a result of contact
with a dead body (Hebb, 1946b). This human disturbance,
like the chimpanzee’s, 1s not specific—it may take the form of
nausea, of vascular disturbance and dizzmess, of disgust or fear,
or may even facihitate anger (e g, at “desecration” of the dead)
It 1s mmportant to recognize mdividual differences of sensiivity
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to such expertences, and the loss of sepsthvity with repeated
exposure (which 13 presumably an effect of learming), but this
does not mean that the responses are wholly leamed The ev1-
dence 1s very defimtely to the contrary: the degree of excitation
1s likely to be strongest on the first exposure, provided certam
other experiences have preceded On the other hand, the dis-
appearance of response with repetitton must be an effect of
leaming, and I believe we must assume that it 1s learning also
that establishes any mtegrated response to such stmuls, trans-
formmg a nongpecific emotional disturbance into an organized
fhght ( ance plus a tendency to flight then constituting
fear) or aggression (constituting rage).

The complex ongin of emotional disturbance may be clearest
m the imfant fear of strangers About the age of four months
the chimpanzee reared m the nursery, with daily care from three
or four perspns only and seemg few others, begms to show an
emotional disturbance at the approach of a stranger (Hebb and
Riesen, 1943) The disturbance increases in degree i the fol-
lowmng months This 1s “shyness” but may become much more
violent than that term would usually imply. It commonly shows
up m the human baby about the sixth or seventh month (The
age difference 13 m keeping with the fact that champanzee de-
velopment generally takes only about two-thirds of the ttrme for
the corresponding human development ) Everyday expenence
tells us that shyness does not occur m the human child that 1s
continually mn contact with strangers, and that it 1s very strong,
as a distrust or fear of “foreigners” (even m adults) m isolated
communities, We might then suppose that the excitation out of
which the fear develops 1s aroused innately at the sight of a
stranger, but extnguished if enough new faces are seen with no
accompanymng injury. But this supposition 1s wrong' there is
definite evidence that the response 1s nof mnately estabhshed

Denmis (1934) pomted out that human patients, congenitally
blind and operated on to restore vision, have shown ne emotional
disturbance at the first sight of a human face Climpanzees
reared 1 darkness, and brought mto the hght at an age when
the response normally would be at its strengest, show not the
shghtest disturbance at the mght of erther fmend or stranger.
Buf some time jater, after a certan amount of visual learning
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has gone on, the disturbance begms to appear exactly as in other
ammals.

So 1t appears that the emotional disturbance 1s neither learned
nor mnate & certam learnmg must have preceded, but given
that learnung the disturbance 1s complete on the first appearance
of certain shmulus combmations Dennis {1940) has also made
it clear that temper tantrums are not leamed, and still require
that other things have been learned first. We are accustomed
to thuink of any particular response as exther learned or innate,
which 1s apt to be a source of confusion m thinking about such
things as far apart as an msightful act or neurotic behavior—1s
the response whented, or acqured? The answer 15, Neither,
either Yes or No would be very misleading. The irrational emo-
tional disturbances of man and clumpanzee are fully dependent
on learming, but are not learned 1n the usual sense of the term.

On the other hand, in order to account for the specific proc-
esses of rage and fear, and the integrated, adaptive responses of
aggression and flight, we must I believe give learnmg its role.
This pont will be returned to after broadening the field of our
mquury by considerng two cases of mental illness m chim-
panzees.

MENTAL ILLNESS IN CHIMPANZEES.

Now, before turning to the mechanism of these responses, let
me report two cases of apparent ncuross or psychosis mn the
chimpanzee. Here again we have the advantage of knowing
more of the previous expenence of the patients than 1s possible
with most human patents xn the clime, We have no verbal
recollections to go by (recollection 1 climcal cases, after all, 15
apt to be unreliable), but the amimals’ expenence, 1 cage life,
1s much less vaned than a man’s would be and—once more~the
chimpanzees of the Yerkes colony have been under daily obser-
vation by trained ohservers who have faithfuily recorded at the
time of its occurrence any observed illness, unusual experience,
or peculianty of behavior.

We have further, m the particular cases to be discussed, the
invaluable asset of control subjects It happens that four chum-
panzees were reared together for m large part of the develop-


http://www.cvisiontech.com

246 Emotional Disturbai::ces

mental period, in the same circumstances Alpha, Kambi, Bula,
and Bumba Alpha and Bula were born in captivity, Kamb: and
Bimba were captured wild, at about nine months of age. Noth-
mg was recorded, and nothing could later be recalled, by the
tramed workers who reared them, that'would account for any
great differences 1n the adult personalities of these four chim-
panzees Yet, by the time of adolescence, one of the four
(Kamb1) was a hypochondnac—as far as behavior could show,
and one other (Alpha) mn full maturity suddenly developed an
extreme phobia Let me give these histories 1n more detail.

Alpha was born 1n 1930, the first chimpanzee to be born 1n the
Yerkes colony She was taken from her mother immediately and
reared apart from other chuimpanzees untl she was one year old
(Jacobsen, Jacobsen, and Yoshioka, 1932 She then was brought
mto the laboratory, as one of the group of four to which I have
already referred The menarche was at age eight, and her sexual
bebavior with males has always been entirely normal The con-
census of the staff was that Alpha, as she became mature, had
a strong hking for human company, was not particularly bright
and was very obstinate but stll a good experimental subject
Otherwise she was just a chimpanzee Chunpanzees, like men,
have therr individual peculiarities, and no great prognostic sig-
nificance was attached to some small pecuhantes of Alpha’s—
although, mn the hght of her later psychiatric problem, some of
the pecuharities were peculiarly Freudian Alpha would defi-
nitely not have anything to do with any carrot with a forked
root, nor usually with any long cylindncal vegetable such as
okra, though when carrot or okra was cut up before her eyes she
would accept and eat the pieces immediately., Finally, she had
a marked tendency to masturbate, frequently against the water
faucet projecting from the wall of her cage, whenever a human
bemng came in sight,

In 1942, when Alpha was twelve (corresponding roughly to
full maturity), a serious disturbance of behavior appeared. With
no warmng signs, she suddenly refused all solid foods, despite
being very hungry. It then appeared that she would eat at once
if food was cut small for her, and a number of tests showed con-
clusively that she was violently afraid of contact wath any piece
of food more than an mch or so 1 length or thickness Con-
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siderations given elsewhere (Hebb, 1947) lead me to beheve
that this behavior cannot be sufficiently explained as due to m-
jury, as from a thorn or shnging msect 1n the food, though such
event may well have been the precipitant. The fears fluctuated
considerably, but waned gradually until they had completely dis-
appeared two years after the origmal onset, then, after another
year, they reappeared with equal suddenness and seventy (this
second episode clearmg up more promptly, however).

A further phenomenon, of the greatest importance for showmng
the parallel with climical cases, was observed durmg the first of
these two neurotic or psychotic episodes. Four months after the
first onset, when the fear of food had greatly decreased, Alpha
out of a blue sky developed 2 strong fear of me, later a violent
aggression, and then (having been soaked with water from a
hose for her persistent attacks) became quite fmendly, at the
same time reverting to her fear of food.

Two fniendly cnitics, on the occasion of the original report of
this case, were able (with senous intent) to diagnose the case
and explam the cause of illness Alpha, in short, was m love
with me, the earlier fear of forked carrot and of cyhindrical ob-
jects, and the masturbation agamnst a projecting water faucet,
were not the only Freudian features of the case. The aggression
occurred because Alpha had had to repress her unmaidenly de-
sires, with an mevitable result This 15 an mterestmng idea, hking
chimpanzees (or some chimpanzees), 1t would please me to
think them capable of such delicacy, such capacity for repressing
vulgar desire—mn short, to think of chumpanzees as having Super-
egos

But if Alpha had a Superego 1its operation was rather hit-and-
muse, and m many of her dealings with other chimpanzees {or
with the staff), and m some of her personal habits, there was
httle sign of self-imposed restrictions If Alpha was m love, it
must have been with someone else, and her emotional disturb-
ance had no relation to fluctuating level of sex drive, which m
chimpanzees 1s directly correlated with the menstrual cycle It
mght be amusing to try to psychoanalyze Alpha, but it seems it
would not be very profitable either as therapy or as a contnbu-
tion to knowledge

The second history is quite different
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Kambi was captured at the estimated age of nine months and
reared constantly m the company of other females of her own
age. From eaghteen months of age onward, she was one of the
group of four—Alpha, Kambi, Bula, Btmba Morphine addiction
was bnefly established at the age of eight (Spragg, 1940) She
showed almost none of the usual sex play before menarche (at
age nine) and copulated once only after it—although she showed
the physical signs of coming mto heat penodically, with the
thenstrual cycle. She was spayed at the age of twelve for expen-
mental purposes, with no apparent change m over-all personality.

To summarize Kambi’s behavioral disturbance first in clinically
mtelligible language, she gave the impression from early child-
hood of bemg imtroverted, with a very strong preference for
human company, and subject to periods of depression. Dunng
adolescence, the depression when 1t occurred was extreme The
attacks continued after matunity and often lasted for months at
a time. Her depression was sometimes mtiated by a somatc
illness, when 1t did begmn so, it did not clear up with the ilness
but continued long after.®

The actual evidence of depression 13 as follows Ordinanly
Kamb1 was easily annoyed by failure to get something she
wanted, but she was always responsive to (and acted mn a way
that was likely to get) attention from the human staff, defimtely
more mterested m such attenbon than imn food, but ordmanly
getting enough to eat. But then for a period up to six or eight
months 1n length she would sit day after day with her back
hunched up against the wall of her cage, never seeking attention
and rarely responding to human overtures, and almost totally
unmnterested m food so that if she were not caged alone she
mght have starved definitely a different animal.

Once more the case shows a Freudian element, m Kambi's

¢ I am indebted, for some of the observations in this summary, to Dr
Henry W Nussen, who kmew Kambi thoroughly in her infancy and at ma-
tunty. It was he who obtamned her in Africa and brought her to the
Yerkes colony with Bimba and & number of other young animals, and later
had personal charge of therr reanng I should emphasiza that the descrip-
tion s a convement way of reporting behavior and does not necessanly
imply enything about conscious states Kambi in short acted ae a depressed
mitroverted human might act.
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Iack of sexual motivation (which has, however, been observed in
other amimals at the Yerkes laboratories, with no sign of psy-
chotic mvolvement). But no traumatc sexual event can be ad-
duced to account for this. The one copulahon that was observed
was quite normal, and Kamb1's lack of sexual responsiveness had
appeared much earher Disturbed 1deas about sex are common
m human mental illness, but so are disturbances of eating and
sleep, and there 15 usually no evidence to show that sexual con-
flict occurs first and 1s the cause of the more profound disturb-
ance of which 1t 15 part. In Kambr's case there was no evidence
of sexual conflict at all-simply a complete lack of apparent
interest.

The emphasis 1n these two lustories of chimpanzee psychoss,
or neurosis, 1s on the absence of any particular experience to
which the behawvioral breakdown can be ascmbed. But I do not
suggest for a moment that expenence 1s not a factor, I shall urge
later that expenence s a factor m almost any emotional break-
down. The powmt here 1s that if it was the main factor, 1n these
two cases, 1t must have operated in a way that we do not at
present understand at all, and quite unlike the mechanism of the
“expenmental neurosis.”

The fact to be kept 1n mind 15 that we have two chimpanzees
as control subjects (in an unplanned experiment, since no one
foresaw the later course of development m Alpha and Kembs,
but stll an excellent experzment). After capture, Bumba had
the same general expenences as Kambi {both captured at the
estimated age of mune or ten months), in every respect that our
present knowledge would suggest 1s important There 15 no
basis for postulating some special trauma for Kamb: before she
came under psychological observation, for the d:aries of the two
ammals show that for the first three years of captvity it was
Bimba, not Kamb), that was less well adapted to her environ-
ment more fearful, less trusting, less cooperative m an experi-
ment—until the age of four, when the roles were gradually re-
versed

Agamn, Alpha and Bula were both born in captvity, and
though Bula was left with her mother until the age of fourteen
months whereas Alpha was removed at birth, there 15 hittle sign
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in the diaries of the subsequent four or five years to show that
this had any effect on their later adjustments.

Experience, and expéenience alone, may have been the decisive
factor in the breakdown of two of these four animals at maturity,
bat, if so, it operated i some way that 1s quite mysterious i the
hght of our present knowledge of behavior. Freudian theory
has the credit of recognizing the existence of a kind of learning
that causes, apparently, no mmedunte emotional disturbance
and yet may contribute to one much later. Such learning un-
doubtedly occurs, and may well have been involved in Alpha’s
or Kambi's 1liness, but 1f this 1s to be postulated we must find
some way of incorporating it into other learning theory—not as
an ed ho¢ assumption specially made to deal with mental
illness.

MECHANISMS OF EMOTIONAL RESPONSE

What I believe to be the mechanisms of primary emotional
dishirbance have been discussed in precedmg chapters, together
with & mechanism of emotional learning It remams to pull the
earher discussions together and to try to show how a mechanism
of learnmng might transform emotional disturbance, as a break-
down of adaptation, into the adaptive responses of attack, fight,
and so on that 1s, how anger or fear might develop out of an
undifferentiated emotional disturbance, and how a fadure to
develop an adaptive mode of response might constitute neuros:s,

The aspects of emotional disturbance that mamnly determine
this treatment of the problem can be summarized as follows (1)
the great vanety of causes of disturbance, rangmg from an un-
familiar combination of famihar thangs (fear of the strange) or
an wterruphion of sleep, to hunger, nutritonsl deficiency, or
withdrawa] of a drug from the addict, (2) the fact that a single
cause may produce anger, fear, or nausea and faniness, m the
same subject at different times, or m different subjects; (3) the
great vanety of expression even of a single emoton; and (4) the
different ways m which the expression of emotion changes, as the
subject is habituated to the stimuiating conditions

To account for rtem 1, it has been assumed that the emotion
15 a disturbance m the timing of thalamo<cortical firmg—a dis-
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ruption of the phase sequence when the subject 1s awake, of the
ntrnnsic orgamzation of cerebral activity when he 1s asleep The
disruption may be shght and brnef, m this hypothesis, or exten-
sive and prolonged, it may be produced by a conflict of phase
sequences, by a lack of sensory support for the phase sequence,
or by metabolic changes.

Now the question 15, how far & second assumption can account
for ltems 2, 3, and 4, hsted abave. This assumption was made
carlier {p 150), to account for the learmng by a rat to choose
a lighter door and avoid a darker one, 1n discrmmation trawmn-
g It 1s, mn short, that a dusruption of thalamo-cortical timmng
tends to prevent the recurrence of the phase sequence that led up
to that disruption on previous occasions, because of the cyclical
(anticipatory and recurrent) organization of the phase sequence.
This 1s a mechanism of Jearning, and 1t 1s proposed now that it
would account for the adaptive features of rage (emotional dis-
turbance plus attack) or fear (the same thing plus avordance),
as learned behavior that 1s determined by the accompanying
emotional disturbance. Particularly, 1t would account for the
vanability of the behavior and for the marked tendency of the
emotional element itself to disappear as the ongmally disturbing
situation 1s repeated

Above and beyond the question of the intrmsic plausibility of
the 1dea that flight, mn fear, 1s a learned response (1t may not be
as implausible as it seems at first glance}, 1s the apparent neces-
sity of my first assumption, that emotional disturbance is a dis-
ruption of cerebral tuming If tus 1s necessary, we must then
8nd some way of accounting for the other aspects of emohonal
behavior, Let us look agam, then, at the cquses of emotional dis-
turbance, which may be arranged m three classes.

Class I, Take as a starting point the infant chumpanzee's fear
of the strange It has already been seen that thys 1s not mpate,
not a fear of what 1s totally strange, since the anuma) reared m
darkness does not show 1t until vision in general has begun to
bave some “meamng” for hum (until 1t arouses phase sequences).
Consider further that a famihar attendant A, wearmng the equally
famiar coat B of another attendant, may arouse the fear just as

a complete stranger would. A causes ng disturbance, B causes
none, A and B together cause a violent emotional reaction It
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15 this sort of fact that makes it necessary to suppose that twa
phase sequences may interfere with one another. The first class
of emotional disturbance thus 1s one caused by a conflict (whxch
may be extended to the disruptive effect of pam sthmuli and
other “unpleasant™ sensory events).

Class Il. Now a second case. It was for long heresy to sup-
pose that there could be a fear of darkness. Darkness 15 a lack
of stmulation (at least after the first few seconds m the dark),
how can it arouse an emotional response? Fear of the dark is
not likely to appear until the age of three or later m human chil-
dren (Jersud and Holmes, 1935) and so the skeptic who thought
that hss child developed the fear without cause could be an-
swered by the old appeal to tgnorance. how can he he certam,
with the vaned unsupervized expenences a cluld must have in
a three-year period? However, the violent avoidance of sohtude
by young chumpanzees (Kohler, }925) 15 at least as marked as
the human fear of the dark, and can be shown to be due only
to the lack of the perception of compamons. This then mmphes
a second class of emotional disturbance, fear of the dark, fear
of solitude, fear aroused by loss of support, and the emotional
changes observed by Ramsdell * followmg prolonged absence of
the normal auditory stmulation., It would compnse also emo-
tional disturbance due to contact wrth a dead body { which lacks
warmth and the usual responsiveness); anger at the lack of social
response m gnother person (“inattentiveness”), or a monkey’s
anger at not finding the parbicular kind of food reward he ex-
pected ( Tinklepaugh, 1928), gref, homesickness, and so on,

® Personal communication from Dr. Domald A, Ramsdell, who was con-
cerned to understand the high frequency of marked emotional changes
which he observed m veterans following tranmatic loss of hearing. He
arranged expenmentally to deafen himself, effechively ehminating awbome
sounds for a perod of three days 'The results are descnbed by Dr
Ramedell as follows, particularly with regard to the question whether the
deafness would contribute to any neurotic or psychotic tendency

“In my expenence there was a definite increase of irmtabihty and a de-
sire to exther withdraw from the field or, if held in the field, to ‘charge’ mto
it This would be comparmable to being imtated with a friend, and either
withdrawing without saymg anythng or ‘leting lum bave it." Such be-
havior would not be characterized by 1deas of persecution nor susplcion of
the filend. Hawever, you might say that the desire to ‘charge’ into & situa-
tion is such stoff as pamanom 15 made of, but for a true pamnod idea of
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That a conflict of phase sequences, or a lack of sensory sup-
port for the phase sequence, should produce any extensive dis-
ruption in the timing of cortical achon 15 not a logically mescap-
able deduction from the schema of neural action presented in
Chapters 4 and 5 What the schematizing actually did was
suggest the posuibility, as something that would account for a
simiar effect of two so dissumlar causes and make the relation-
ship between perception and emotional disturbance mntell:gible.
The 1dea then seemed to gam strong support when 1t drew atten-
tion to another set of facts that 1s usually forgotten in discussing
emchional theory These facts concern the relathonship of emo-
tional disturbance to metabolic changes :

Class IIl 'The third class of the causes of fear, rage, and so
on, though it was actually armved at last m formulating these
1deas, comes nearer than erther of the others to being a neces-
sary conseqquence of the neural schema To the earher discus-
swon of the effects of chemical changes m the nuirient fu:ids that
bathe the neural cell {p. 196), showing that a disturbance of
tumng must result, I need add only that a large mtracramial
tumor, compressing blood vessels and mterfering with blood
flow, obviously could have symilar effects, and also that asthma,
or vascular disease, or an antigen acting to produce vascular
spasm mn mtracramal vessels—any of these—might produce emo-
tional disturbance directly, by affecting the amount of oxygen
in the blood or the amount of biood that is supplied to neural
tissues Emotwonal changes are m fact frequently assocrated

persecution, the capacity for mterpersonal refationsiup must be so weak that
real suspicion can develop Assumng then interpersonal relaticnshaps to be
secure, I would say that deafness i3 accompanied by a feehng of perplexty
and disonientation analogous to the fear of the dark or fear of sphtude
Such & disonentation in one’s socia] mubeu need not necessenly invalve
paranofd disturbances any more than being in the dark would induce one
o hear footsteps at his back In my opimon, the feelngs of personal mn-
adequacies {impairment of the body mmage), umtabihity, apd an exagger-
ated response to stmuli, and the wish to leave the Eeld or, if held in the
field, to ‘charge’ into it, characterize the experlence of deafness™

I should hke to draw attention also to Dr Ramsdell's suggestion that the
emotional condition mught lead to more than one overt pattern of response
This is relevant to the later discussion of the way in which different
“emotioms” might develop from the same pnimutive disturbance
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with all such conditions, and the one assumption that seems to
provide a common ground for such varied sources of disturbance
{including not only the metabolie changes i Class III but also
the perceptual confhets and perceptual deficits of Classes I and
11) 15 the assumption that emotional disturbance 15 in the first
place a disruption of the iming of neuronal activity o the cere-
brum This also accounts directly for the incoordinations of
emotion Untl some better guess 15 made, we must see what
can be done with the assumption, and this imposes the burden
of accounting for the mtegrated and coordmated aspects of
emotional behavior (Leeper, 1948).

Now this coordinated part of the behavior, in the unpleasant
emotions, has one constant funchon, It 15 always such as to
tend to put an end to the origmai stmulation (m the pleasant
emotions, of course, this tendency 1s reversed). Aggression, m
rage, tends to change the untating behavior of another animal—
by cowng, dnving off, or kidlng the annoyer Flight, m fear,
tends to prevent or termmate noxious shmulabon Avoidance—
turning the head away from an unpleasant might, covering the
ears, holdmg the nose, or withdrawing the hand, as well as ac-
tually running away—tends to stop the shmulation that arouses
erther an uwrational fear of some inert object or the practicaily
equivalent disgust Fawning may be a manifestation of fear as
much as flight, and so may the desperate attack of a cornered
ammal and each 15 a possible way of putting an end to the
emotion-arousing behavior of another organism

Faflure to respond, m shame, 15 a special case, m which one’s
own behavior is the emotion-provoking stimulus, the effect of
the emotional disturbance 1s negative, preventing the recurrence
of that behavior, but ths is also m line wath the present thes:s,
namely: All these effects may be achieved because strong emo-
Honal disturbance tends to prevent the repetition of any line of
thought that leads up to i, and to ehminate the corresponding
behavior. In some situations, a primutive, undifferentiated dis-
turbance would develop mto fear, where withdrawal is the only
thing that ends the disturbance, m others, anger, when attack 1s
the only effechve behavior, in stll others, either fear or anger
might result, when either behavior would be effechve, and
which result happens would be determined by the animal’s past
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the only effechve behavior, in stll others, either fear or anger
might result, when either behavior would be effechve, and
which result happens would be determined by the animal’s past
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expenence as well as by his own inherited pecullanties But m
some situations, and for some subjects, no behavior might be
discovered that would abolish the emotional disturbance, and the
effect of learnmg 1 thus case mught be to rewnforce the visceral
disturbance and the meoordinabons of the skeletal musculature,
and—above sll-the disorgamzation of the phase sequence, which
15 a disorganization of thought

This 15 the point at which neurosis and psychosis enter the
theoretical structure: they are (1) condibons of chromic emo-
tional disturbance, or (2) ones m which emobional disturbance,
m the past, has effected a lasting modification of the thought
process (see footnote, p. 259)

The first objection that might be made to such an approach is
this, As the hypothesis has been presented so far, it might sug-
gest that aggression, m anger, appears only by default—only be-
cause othex forms of behavior have been elmmnated—and to
common sense fs 13 not reasonable Aggression appears to
have a much more iohmate and necessary relation to the emo-
bonal disturbance of anger. And so with aveidance, m faar.
My first answer 1s that this may be perfectly true, n the adult,
even 1n the four-yearold But this proves nothing about the
arigin of the relationship. Emotonal disturbance and the ag.
gression may seem inseparable to us for exactly the same reason
that nodding the head and Yes are mseparable—~in this culture:
because the two have been tied i together by long practice and
experience

It 15 instractive to observe just what happens in emotional
learning, when we do have a chance to observe it Bridges
(crted by Jones, 1933) has shown that children’s emotional pat-
terns develop out of a primitive undiffcrentiated exaitation, This
fact may not be crucial, for the change may depend on physieal
maturation and not on a learming process But when chimpan-
zees are exposed for the first tme to certam emoton-provoking
situations, the first effect again appears not to be e specific pat-
tern of adaptabon but e generalized exatation. When Alfalfa,
one of the chimpanzees reared in darkness by Riesen (1947),
was brought out mto the Lght she did not show any emotonal
disturbance at the sight of strangers, as I have already pomnted
out, the emotion requires @ certamn amount of visual expenence
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before it occurs. 'When signs of the disturbance appeared some
time later, they seemed completely unspecific a rasing of the
general level of excitation, wath signs of autonomic action and
undirected movements. I have remarked elsewhere (Hebb,
1946b) on the lack of a consistent mode of response of some
adult chimpanzees at the first exposure to a disguised person,
wearing a mask and acting in an aggressive manner whuch they
were not used to encountering 1 human beings, and also on the
gradual emergence of a consistent mode of emotional response,
but different m form for different smimals

The impheation of my hypothesis, then, is that adult intro-
spection cannot be an argument agamst its validity, since the
essential learming would be thoroughly established m early m-
fancy.

Observe further the conditions m which the adaptive behavior
of adult emotion occurs. Apart from the spinal reflexes aroused
by noxious stimulation, a fully coordinated emoticnal response
appears always to be a response to premonitory cues, not m
themselves disruptive, but assaciated with disruptive sttimulation
When the primitively disruptive event occurs suddenly, without
any warning, the response is never a smooth and economical
cooperabon of effector organs but 15 hkely to involve startle,
trembling, sweating, vocalization, vascular change, and so on,
and is then followed by a coordinated response which differs
according to the subject’s perception of the total situation If
the adaptive behavior of fear (that 15, avoidance) is indeed a
response to events that are not dwectly cisruptive but premony-
tory cues associated with disruption, the behavior is by defini-
tion a learmed response. It 1s then inteligible why there s
usually less emotional achvity at maturity. As experience m-
creases, rage and fear would tend to disappear n the famdmr
environment, for the utihzation of premomtory cues, to avoud
disturbance that 1s foreseen but not yet m existence, would be-
come more and more effiment The integrative part of emotional
behavior and the disintegrative are mversely related: as one m-
creases, the other decreases

The objection that we have just considered is that the con-
nection between aggression and emotional disturbance, 1n rage,
13 not an accidental one—established merely by association or
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by the elimination of altermative modes of reaction The objec-
tion may be taken further. It cannot really be a matter of
chance whether fear or anger will result, even 1 siuations 1n
winch erther avoidance or attack would have the same effect
of changmg a disruptive shmulaton Charactenstically, some
situatrons evoke rage, others fear, and so on. The objection car-
nes weight, and must be considered I should say at once that
I do not believe that it 1s sufficiently answered by what follows,
and there are, with reasonable certamty, mportant constitutional
factors determming the mode of emohonal response which I
cannot deal with. It 1s also possible that ymlder degrees of dis-
ruption 1nnately tend to lead to aggression, stronger omes to
avordance

In additbion, however, factors of learmng are present that
should not be overlooked. One thmg that determines whether
fear or anger will result when the phase sequence 1s disrupted
may be the particular phase sequence itself, and the effect of
earher leaming in sumilar sstuations, which determmes what
alternative sequences are available to take over when the dis-
rupted sequence leaves the field open. With this 1n mmd, ob-
serve that anger 1s characteristically aroused by the behavior of
others (ie, by social smulation) when the behavior 1s not con-
sistent with what one 1s proposing to do, when one expects re-
sistance 1 having the behavior changed, and finally when one
thinks one may be able to change it.

It is a humihiating fact that one tends not to get angry at
prize-fighters, or at the criticism of the higher-up whose praise
or approval 1§ wmportant. This 15 far from being absolutely true,
but it seems that anger 15 most easily aroused by opposition
where one thuinks one could prevad by force. where the oppo-
nent ought to see that you can get your own way, and give
gracefully.

1 believe 1t 15 also true that, the more authoritarian the regime
m which a cluld grows up, and the more frequent and severe
the pumshment he suffers for disobedience, the less likely ke 15,
as an adult, to get angry at lngher authonty and the more likely
to be angered by wnsubordimation. If so, it means that anger
does not occur m situattons where disruptive stimulation has
regularly broken up the phase sequence that determines aggres-
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sion, that it does occur where aggressive behavior has not usually
been distrupted before. {That such evidence should have to be
resorted to—I know of none apart from such folklore—is the best
mdication of a lack of smentific knowledge, on a very important
toprc m psychology, which 1s due to the difficulty of expen-
menting with any but the mildest of human emotions )

Now a final objection to the hypothesis that learning is what
mamly diferentiates the various emotions. Nothng has been
said so far to provide for the exceptional wigor that an emotional
response 15 apt to have. This I beheve 15 the greatest defect in
the bypothesis. Several things might be suggested to remedy
it. One possibility 1s that when disorganizabon accurs 1t leaves
transmssion units in the cerebrum ready to fire with any subse-
quent achwity, These units would ordinanly be mvolved m the
assembly action that 1s now prevented; they may then tend to
be recrmited by whatever assemblies do act subsequently in-
creasing the strength of the facilitation delivered to motor cen-
ters but also tending to make the motor response less precise
(since the recruitment of extra cells would tend to change the
frequency properties of the individual assembly). This might
also be applied to the pleasurable activity, discussed 1n the pre-
ceding chapter, that depends on first arousing apprehension,
then dispellmg it. It may offer some cue also to the nature of
laughter, which may be most efficiently aroused, pethaps, when
there 1s a combination of phase sequences that produces a minor
disturbance of timing immediately followed by a further com-
bmation of assemblies that have no conflict. There would stilf
remam the fragments, so to speak, of assemblies that were dis-
rupted, which tend to induce some motor activity. In some
cases this may mduce anger or fear or embarrassment, if the dis-
ruption 1s extensive; but m other cases a cortically controlled
overachvation of the breathing mechanisms may serve to pick
up the fragments—which appears as laughter First a mumor
conthict, incongruty or apprehension, then a new perception of
the situation that leaves no need of avoidance, nothing to be
changed m the behavior of other persons or m the total situa-
tion, but still leaves a condition of excitation that must issue m
one form of behavior or ancther.
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- THE NATURE OF MENTAL ILLNESS

It has already bheen proposed that menta} illness consists erther
of a chronic disturbance of time relations i the cerebrum, or a
lasting distortion of the thought process from such a disturbance
at an earlier tme ®* 7This 15 a rather general proposition, and
we must now consider the theorehical problems of mental illness
m more detall, The general approach that has been proposed
may have value only m helping to maintain a pont of wiew that
ts hard to mamtam, and yet essential 'The powt of view 15 this
neurosis or psychasis 1s a product nerther of experience nor of
constitution, but a jomnt product of both.

Tradition, once more, 18 the villain of the piece In this field
we are shll dominated by the old dichotomy. 1s the illness mental
or physical, functional or organic, and now, under new names, 13
1t psychosomatic, ar just somatic?

It may make sense to ask whether 2 breakdown 1s primarily
experiential, mplymng that with an ordinary degree of stram 1t
would not have occurred, or primardy constitutional, 1nplying
that the mildest of strans would have caused the breakdown,
that the patient’s ability to withstand strain was Jow. But this
caunot give us two kinds of mental illness, any more than, 1 a
completely parallel sstuation, there are two kiuds of tuberculosis

If there are not two kinds of mental illness, we have no basis
for dismussing the mental illness that goes with pellagra or some
glandular dysfunction as nwot bemg a “true” psychosis; no basts
for thinking of a special category of chromc emotional disturb-
ance, of which expenence 15 the sole cause, and psychotherapy
mn some form the sole method of cure. Logic and the whole
clirical hterature require that we remember the role of the con-

* This distinction 15 not further elaborated in the text. It is primanly
based on thecretical conuderations, but 1t seems to agree with the fact that
the neurctic or psychotc frequently appears to have found a way of thmk-
ing and acting that obviates emotomal disturbance The (lness 13 perhaps
either (1) a continued emotional disturbance, with anxiety or the like, or
{2) changes in thought (new phase sequences) that are not charmcteristc
of the umjonty of the population but whick avaid some conflict that makes
for major dusruption of assembly or phase sequence.
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stitution m any mental illness, just as we must remember the role
of experience, It is hard to avoid gomng to extremes when this
topic 1s discussed, it 15 very bard to keep from thinking mm terms
of the old dichotomy, but I believe we must keep a middle way.
Until qurte recently, the task of the psychologst and psychiatrist
was to keep the medical world from thinking of mental illness
as always due to some lesion of the central nervons system—a
lesion that usually could not be found Now the pendulum has
swung to the other extreme, and the medical world may be mn
some danger of overesimating the role of psychological causa-
tion m both mental iliness and illnesses that used to be called
physical. The task is still to find a2 middle way

I behieve there is no longer a danger that psychological factars
m illness will not be recognized- there is hardly a popular journal
n the western hemisphere that does not pubhsh articles explam-
ing how illness may be due to worry or to a desire to get out of
some sort of trouble. In medical praches it may bappen that
fatlure to make a definite diagnosis can automatically determine
that the patient 1s psychoneurotic. This tendency has been pro-
tested aganst by physicians concerned with the welfare of the
patient {Bowman, 1946, Wilson and Rupp, 1947). But it elso
represents a mode of thinking by the psychologist or psychaatrist
himself that may hinder the development of theory It 1s as
much mcumbent on the psychologist to demonstrate the limits
of psychological influence mn iflness as to demonstrate 1ts extent,
as matters stand today, the first need for research in the field
may be to ask what we do rot know about psychological m-
fluence

Psychology’s 1gnorance about a number of these matters is
bad, but it 1s worse when we substitute dogmatism for scientfic
knowledge We shll need an Ajax to stand up and defy the
hightning and ask, What 1s the evidence? when some authonty
informs the public that believing m Santa Claus 1s bad for chit-
dren, that comic books lead to psychological degeneracy, that
asthma 15 due to a ludden mental dlness, or that a child’s bed-
wetting must be treated by psychoanalysis, and psychoanalysis
alone, instead aof the simple and effect;ve method of condition-
mg desenbed by Mowrer and Mowrer (1938)

Let me then present four proposihions for serious considera-


http://www.cvisiontech.com

Mental Illness and Constitution 261

tion, even though they may sound ndiculous: (1) that there 1s
no separate class of mental illness caused by psychological fac-
tors alone—by what was seen and heard 1 childhood, (2) that
we know Iittle about “mental hygiene” or how to aclieve 1t; (3)
that it has not been shown that worry or the hke can by itself
cause any bodily conditon such as asthma or stomach ulcers,
though it aggravates such conditions, and (4) that it has not
been shown that any specialized psychotherapy, such as psycho-
analysis, has any special value m mental diness The first of
these I think 1s logically mescapable, proposttions 2, 3, and 4
may not be as absurd as they appear What I am talking about
18 proof; one may know that psychoanalysis s of value and yet
not bave the evidence in a form that would establish this as a
scientific fact. Obwiously, in a scientific argument one must
eccept the scientific canons, and putting the evidence in logical
shape should ultimately lead to improved medical procedures as
well as more precise theory.

If we are to improve therapy, or if prophylaxis is to be pos-
sible at all, we must ymprove theory first and know more exactly
what leads to what. As long as such queshons as those rmsed
above are answered on a priors opwmion alone, theory will get
nowhere, for the experiments necessary to it will not be done.
Evidently the current development of psychological ideas in
medicine has a profound necessity behand u. let us see what
kind of solid factual evidence we need in order to keep this
development on the rails and to extend its influence, not only
the clinical but also m the social and educational fields.

MENTAL ILLNESS AS A FUNCTION OF THE
CONSTITUTION

The first question raised was whether there is any class of
mental fness that 1s due to experience alone My pomnt of view
here has already been stated that such a class does not exist,
since any behavioral condition must be a function both of expe-
nience and of the conshtution that does the experiencing We
may take 1t, however, that the relative 1mportance of expenence
and constitution may vary i mental iliness At one extreme, 1t
mght be assumed that there 18 no human constitution that wall
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not break down when emotional disturbance is sufficiently severe
and prolonged (Swank and Marchand, 1948), at the other, that
metabolic changes alone may produce emotional disturbance
that will persist as long as metabolic factors remam variable and
unstable But the theory that has been developed ndrcates that
the essential nature of the resultng condition may be the same
in both cases There have been an increasing number of reports
m the hterature showing that tramed diagnosticians have not
been able to distinguish mental illness precipitated by a physio-
logical disturbance from the mental illness for which no such
cause can be discovered, and reports as well showing that the
characterishe “functional” disturbance is accompanied, to a more
than chance extent, by constitutional deviations,

Typical neurotic or psychotic disorder may be found in brucel-
loms (Harns, 1944); in, pancreatic disorder { Romano and Coon,
1942), m adrenal disorder (Allen and Broster, 1945, Greene,
Paterson, and Pile, 1845); in permicious anerma ( Bowman, 1935,
Ferraro, Aniet1, and English, 1945), m rheumatic bramn disease,
following rheumatic fever (Bruetsch, 1947), in hypochlorema
(Saphar, 1945), m vitamin-B deficiencies (Wilhams, Mason, and
Smuth, 1939, cited by Jolhffe, Jolliffe, 1042, Matthews, 1938,
Egaiia et al, 1942, Spies, Anng, Gelpenn, and Bean, 1938).
Certain types of neurosis are associated to a more than chance
degree with mherited vascular abnormahty {Hauptmann, 1946,
Cobb, Cohen, and Badal, 1946). Dewan and Owen (1945) have
reported twelve from a much larger number of cases of schizo-
phrenia, mamc state, depression, psychoneurosis, and so on,
which were so representative of the usual picture of mental ill-
ness that no physiological or pathological source was even sus-
pected, but the causes eventually were found to include brain
tumor, diabetes, uremia, and so on: m all cases, a major cause
mn the “orgamic™ class

It may be impossible to distinguish neurosis followmg head
mjury from other neurosis (Gillespie, 1944). It 1s common, as
soon as some such “orgamic” cause 1s found, to reclassify the 1ll-
ness, but such reports as those cited make 1t impossible to con-
s:der rhat there is any real psychological discontimnty between
organtc and funchional ills, as these terms are commonly used
This first pomt 15 made both on logical grounds and on the basis
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of the actual climeal facts It 15 further remforced by the fac-
tual evadence and discussion of Cobb (1944}, Hoagland (1947),
Landis (1947}, and Bellak and Willson (1947),

Secondly, these considerations make it possible that a con-
tnbuting organic cause will be found for all those cases that are
now called purely functional The history of psychuatric knowl-
edge shows one syndrome after another bemg removed from the
functional class, as pathological and physiologrcal knowledge bas
mcreased. There are stll gaps 1n our knowledge of the complex
cham of events in the nutrihon of the neural cell, and it 15 still
possible that all well-definred cases of mental disorder will even-
tually be found to depend, to a major extent, on a predisposing
constitutional condihon—hereditary or acquired

Consider for example Kallman’s work, the mam results of
which have been summanzed by Garnson (1947). Among other
statistics are the followmg among the relatives of patients with
schizophrema, the incidence of schizophrenia for brothers and
sisters 15 14 3 per cent, for fraternal twins, with the same consti-
tutional similarity as any brother or sister, 14 7 per cent, for iden-
tical twins, 85.8 per cent For stepbrothers and sisters, growing
up in the same home, the figure is 1.8 per cent. There 15 no
apparent way in which these data can be reconciled with the
idea that mental illness 15 unrelated to heredity, that it is due
alone to the way a child is brought up One can argue that two
children of different ages have different environments though
they are brought up in the same home. An oldest child cer-
tamly has a different social environment from that of a youngest
child, and of course any one child iz a fanuly may have scme
bad expenience that another does not. This might explam why
an ordinary sibling of the scluzophremic (born at a separate
time} 1s less likely to have schizophrenia than 2 twin, But—tlus
difference, predicted by the environmentalist hypothesis, is not
observed, siblings and fraternal twins have the same frequency,
exactly as would be expected on the genetic hypothesis, And
there seems to be no way at all of accounting for the difference
between the figures of 14 per cent for fraternal twins, and 85 per
cent for 1dentical twins. As we shall see m the following chapter,
the data from twin studies have not shown a great deal about
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the relation of heredity to the 1Q, but they could hardly be much
clearer as far as schizophrema is concerned

There 15, however, stil] the other side of the com. Eighty-five
per cent 18 not perfect comcidence, it does not make heredity
the sole determmant even of schizophrema, and still less the sole
determunant of some other mental fls A paper by Hobbs
{1941} mekes the point perfectly one of & par of idenhcal
twins, brought up with very strict moral standards, broke tram-
ing as an adult and a psychohic episode followed The other
twin showed no i} effects; heredity provided only a susceptible
constitution and did not alone determmne that the psychosis
would occur A similar case 15 referred to by Bellak and Wallson
(1847).

The same conclusion can be drawn from the very sigmficant
experiments of Pavlov (1928), Gantt (1944), Liddell (1938),
Masserman (1943), and others on the “conditoned neurosis” or
“expenmental neurosis” ¥ have suggested (Hebb, 1947) that
we should be cautous in identifymg this with a full-fledged
neurosis in man, since the experimental neurosis is apparently
specific to the situation 1 which 1t was established. But there
can bs no doubt that this work 1s very important for the under-
standmmg of climical neurosis, showing how anxiety (at the least)
can be established in a way that would not otherwise have been
suspected, smce no actual mjury or threat may be mvolved,
Anxety 15 one source of mental ilness, and Pavlov showed that
this chromic emotional disturbance can be created n some dogs
much more readily than mn others. apparently, a constitutional
difference between dogs (Gantt, 1938) But here, agan, thers
1s cooperation between constitutron and experience, for it takes
a very special expertence nideed to produce the emotional break-
down 1n most ammals, even when they are definrtely susceptible,

THE PRESENT SIGNIFICANCE OF MENTAL HYGIENE

The second pomt of our present ignorance about mental ill-
ness is the way mn which early expenence may be related to a
disorder at matunty. The mental-hygiene conception was estab-
hished some years ago, when 1t was possible to thmk of mental
iliness as simply a set of bad emotional habits It seemed then
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that if one could avord such habits in childhood one could be
sure of mental health at maturity, whatever the constitution one
may have mmhented

Now this may stll be partly true, the unfortunate fact, how-
ever, is that we do not have any good basis for bemng sure how
children should be brought up, m order to muumze therr
chances of gettmg mto a state hospital The necessary experi-
ments have not been done. What may be necessary to decide
the question 1s to bring up some children 10 one way, some
others, and see what leads to what One cannot assert that too
much coddling produces mental llness at maturnty, or that too
Iittle does. For all we know, a lot of spanking, or unsympathetic
parents, may only help to prepare the child for the trals of
maturity It cannot be assumed that what produces emotional
disturbance m the mfant 18 bad—nor that i s good. the long-
tenm effects may be the same as the short-term, unrelated, or
opposed. One must make some decision when a practical praob-
lem has to be dealt with, and mn these circumstances the only
thing to do 15 make the best guess one can, but opmions should
be presented as opmmion, and not as scienhfically established
fact

In such matters, our ignorance 1s virtually complete and witally
in need of bemng replaced by defimte kmowledge. We do not
know whether sexy cormc books at the age of ten have any dele-
terious effect at twenty, we do not know that play with toy
guns and soldiers makes a war-loving naton, we do not know
that juvenile delinquency, associated with broken homes, s due
to the home environment and not just as much to the inherit-
ance of the same emotional mstability that broke up the home

It has sometimes seemed that answers to such questions mught
be found by anthropological study, when different primitive
peoples treat their chuldren dufferently, what are the effects at
metonty? In one tnbe, for example, the children are treated
generously and the adults are found to be easy-gowmg and
friendly; m another, child traning 15 harsh, and the adults are
found to be full of hoshlites But, as Klmeberg (1940, p 434)
has pomted out, one cannot single out cause and effect here,
any more thon m the case of the broken home Heredity, in
the two tribes, may differ significantly, producing dufferent adult
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personalities, or some other varable such as the history of the
tnbe may be the source of the differences—and the reported facts
may mean only that emotionally stable people treat therr chil-
dren well *

The mental-hygiene program first needs research, then more
research, so that we can find out how to rear children to make
them as healthy as possible, emotionally, at matunity. It 15 1m-
portant to apply what knowledge we have now as best we can;
it 13 equally mmportant to remember how incomplete the knowl-
edge 1s We are not now in a posihon to do more than apply
the conceptions of one or other theory of mental illness, that
becomes msufficient as soon as one tests it by facts I have
already cited the cases of Alpha and Kambi, chimpanzees of the
Yerkes colony, to show that, if early expenence 15 2 mamn cause
of mental 1llness at maturity, we have no real nformation as to
how it works The theory that has been presented here 18 much
too vague, or general, to provide any useful guide m the prac-
tical problems of child education, it may be useful, however, if
1t leads to more of the obviously necessary research.

PSYCHOSOMATICS AND PSYCHOTHERAPY

The third and fourth pomts of ignorance that have been hsted
can be considered together' the questions are whether worry or
the like can produce bodily lesions, and whether psychotherapy
can cure mental illness Though the questions may sound ndicu-
lous, 1 think 1t may be of some value to consider them seriously
and ask oneself just what factual evidence one could cite to jus-
tify one’s answers,

Just where can one lock for the specific evidence on which to
base the psychosomatic thesis? Clearly, #t 15 not enough to show
that neurotic disturbance and pathological changes m the body
go together,t or even that when the first clears up the second

® I e, reverse the statements above “In one tribe the adults are easy-
gomng, and so children are treated well, m another the adults are aggres-
sive, and children are treated harshly”—es one might expect.

 Obviously, it is alsc not enough to show that emotion is accompanied
by transient somatic changes in normal or psychopathic persons The very
important studies of Wollf (1842) and Wolf and Wolff (1948), for example,
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does also—unless the recovery 15 due to psychotherapy. If some
metabolic disorder contnbuted to the neurosis, 1t may have de-
termined the pathological changes also Then mental and phys-
ical difficulties would appear together, and disappear together.
I one could show that asthma, or stomach ulcers, or skin lesions
could be cured by talking to the patient—that 1s, by psycho-
therapy—then we would have the desired proof But, as we
shall see shortly, there are great difficulties mn the way of show-
mg that psychotherapy 1s effective (chiefly, the difficulty of
showing that 1t produces more cures than are accounted for by
spontaneous remission), Despite its general acceptance, 1n
which 1 concur, the hypothesis that psychological factors affect
the recovery of the body from any physical illness has not been
established scientifically. It may appear to the reader that it is
not necessary to do so, but there must be much that should be
found out about the psychological influence—in what conditions
1t operates best, what its limts are, and so on, and these things
will never be discovered unhl we start exarmiming our assump-
tions, and start the slow, plodding process of building up a solid
body of facts, separate from opinron, upon which the theory of
treatment can be firmly established

Not all cases m which a “psychosomatic™ relationship 15 seen
are ones m which the ongmal trouble was emotional. The fol-
lowing case of early asthma offered an exceptional opportunity
for separatmg cause and effect. It 1s rare that one can have an
effective control of asthma, and banish it or not, at will-but
when this 1s possible, new Light 15 cast on the disease.

A child of twenty-one months developed acute, severe attacks
of asthma after having had a head cold some months earher and
a persistent nasal mfection The attacks became less frequent
several months later, during the summer, but recurred with n-
creasing severity and frequency as winter set m Eventually it
do not show that chronie gastric and cardiac lesions result from emotional
disturbance alone, without contnbution from a preceding physiological dis-
order, although, if it is assumed that “normal” emotion has such effects,
these studies help to show us how the lesions are estabhshed It should be
clear that what 15 discussed 1n the text 15 the question of scientifie proof,

not of reasonable helief Belef in the psychosomatie thesis 15 reasonable,
perhaps inevitable, but the very importance and value of that thesis require

that its foundations be mspected and tested ngorously—and penodically


http://www.cvisiontech.com

268 Emotional Disturbances

appeared that a running nose preceded each attack, and it oc-
curred to the physician 1n charge that a nasal infection might be
the source of the allergern He found a heavy chronic bacillary
mfection, and recommended chemotherapy. The results were
dramatit. The asthma disappeared completely, and a remark-
able change took place mn the child's bebavior. Dunng an attack,
the child had heen almost completely incapacitated, but between
attacks, there had been no difficulty m breathing and the chuld
appeared quite normal—except that she was always emotionally
unstable, easily giving way to tears and being rather hard to deal
with., Actually, this behavior had developed so gradually dur-
ing the penod of illness, and was so constant, that the phrents
had pot realized that there was any connection between the
emotional pieture and the mternuttent asthma. Now the patient
became a different chuld.

Twa further observations made the mterpretation of these
facts even clearer. It was expected that the allergic sensitivity
would gradually disappear as the child grew older, so on two
subseguent occasions when a nasal mnfechon began the treatment
was omitted at first, ;n the hope that asthma would not develop
On each occasion the same sequence of events was ahserved.
The first symptom of disturbance was coculatory—~the chald’s
hands and feet became very cold. This was followed by the
same emotional disturbance that had been chronic earler, at
least a day before the first symptoms of dificulty in breathng,
and finally, a definite asthma appeared. This and the emotonal
changes were then promptly (in six to twelve hours) bamshed
by chemotherapy Such a sequence of events can only mean
that the allergen affected the vascular system firsi—the cold
hends and feet were nat due to lung congestion and decrease of
oxygen in the blood stream On one of the two occasions on
which treatment was withheld, moreover, a placebo was used
This served 25 a control of the sffects of suggestion, showng
that 1t was m fact the action of the drug which, when it was
actually used, produced the recovery from asthina and the dis-
appearance of whmmng, crymg, and the need of continual atten-
hon Only one conclusion seems possible: that the allergen
acted more or less directly on the vasculature, mcluding the
cerebral vasculature, or on the central nervous system, thus caus-
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ing both emotional and physical symptoms. Ordinanly, with
multitudinous sensitivihes and vo possibility of such cleancut
“expermmental” manipulation of allergens, cause and effect can-
not be separated. The case described might have been a typical
psychosomatic picture: first emotional disturbance 15 evident,
then physical symptoms follow. So the first must cause the
second But m this case such an imterpretation 1s not possible

Because asthma and emotional disturbances go together, or
even because ap emotional disturbance can precipitate an attack
of asthma, it does not follow either that emotion caused the
anginal difficulty, or that psychotherapy can do more than alle-
viate an illness that may have quite a different basis Tt 15 still
possible that some cases of asthma, or some other bodily illness,
are psychogemic and can be cured by psychotherapy, but evi-
dence of this has not yet been provided m a form m which 1t
can be evaluated. Future research may well show that the
causal relationships in the case I have described are the excep-
tion and not the rule (12, may show that allergies are usually
psychogenic) But this research has not yet been done.

1t s :mplied throughout this discussion that, of psychotherapy
can be shown to be an effective treatment of asthma or mental
illness, the argument above would be reversed. It seems gen-
erally beheved that the vahdity of psychoanalytic theory, for
example, 15 well established by the fact that it has led to curing
mental 1llnesses that would not otherwise have been cured.

If one looks for the evidence, however, one cannot find it.
There 1s no meamng m the fact that a particular patient was
psychoanalyzed, and recovered. We do not know that he would
not have recovered without the treatment.

The pomt 1s clear when 1t 18 recalled how difficult it was to
show that the mnsulin-shock method bad any value. Psychiatnists
and physicians 1n general were skeptical Why? Because same
not-very-exactly-determmned proportion of psychotic patients re-
cover without treatment-perhaps 80, 35, or 40 per cent. The
fgure varies wadely from one senes of pahents to another; and
it took five to ten years of work, by a large aumber of mvest-
gators, to finally establish the fact that msulin therapy sigmifi-
cantly mncreases the proportion of patients that recover from
schizophrema. A few pabents recovermg after lobotomy would
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mean nothing. Freeman and Watts’ (1942 ) triumph was in being
able to report pot only 63 per cent good results m a l