INTRODUCTION

If T am correct in my views, all previous attempts to
understand life have followed the method of working
from the lower to the higher. Under the conviction that
the phyla of living beings represent a scale, at the bot-
tom of which are organisms of relatively simple struc-
ture and function, distinguished from the “higher” ones
only in that the latter show progressively greater dif-
ferentiation in their development, the approach has been
to explore functions in the “lower” (“simpler”) animals
and from there to ascend to the analysis of the “higher”
(more ‘“‘complex”) beings. This procedure was not dis-
carded, even by those who were rationally compelled
to abandon the concept of evolution. The approach re-
mained essentially the same whether the performances of
the organism were thought to be of the reflex type, or
whether regulative and directive factors were introduced
to explain phenomena in ‘“higher” organisms. In the
latter case, the investigator hoped to find these directive
factors in their simplest form in the lower organisms. In
fact, the change in biological views in recent years, the
increasing movement away from the reflex concept,
brought no essential change in this general attitude of
the biologists. Fundamentally, the determining view has
remained that the lower organisms are “simpler” and
can be investigated more readily. Therefore, the method
of procedure from the “lower” to the “higher” has per-
sisted.

DEPARTURE FROM EXPERIENCES WITH MAN. The follow-

ing discussion of the phenomena of life is an attempt
I
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to proceed in the diametrically opposite direction. It
makes man its point of departure; from a study of
his behavior it tries to obtain the foundations for an un-
derstanding of the other forms of organic life. The
author has chosen as his starting point the human being,
not only because, being a physician, he finds it more nat-
ural, but primarily because, during the pursuit of his
studies, he has found no concept more problematic and
open to question than the concept of simplicity. Even in
the analysis of human behavior, the attempt to reduce
the more “complex” performances to the “simpler” ones
has met with the greatest difficulties. Very often, the
“simpler” performances have been found to be abstrac-
tions, and the events which the latter aim to explain
turn out to be “simple” only in the presence of a specific,
habitual, technical attitude of abstraction. At closer
range, however, these “simple” phenomena have been
found to be much more obscure. We may refer here to
the traditional view of the difference between perception
and sensation, or action and reflex, which relation upon
closer observation has to be revised. Sensation and
reflex, though supposedly the simplest constituent ele-
ments of perception and action, themselves presented a
problem of increasingly greater complexity than percep-
tion and action. Such difficulties make one suspicious of
attempts to differentiate between ‘higher” and “lower”
animals, or to understand the “higher” in terms of the
“lower.”

The designation of an event or an organism as
“simpler,” ordinarily provides no indication of the mean-
ing of the term. Usually a process is called simple accord-
ing to the extent to which it appears to us as irreducible
to more obvious and elementary ones. Thus it is assumed
that the lower organisms are more easily understood in
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their structure and in their forms of “adjustment” to the
environment: so, for example, one described the protozoa
as a “simple reflex mechanism.”

But are we sure that in doing so, one does not over-
look the very nature of these beings? May they not seem
so “simple” to us, because, in investigating them, we
simplify them artificially and see in them only that which
is consistent with such a simplification? And because
their nature may be so remote from ours that it makes
impossible a real understanding of them, the fallacy in
our procedure does not necessarily become apparent to
us. We may not be aware of the degree to which our
preconceptions do violence to the facts we observe, and
how little we are justified in picturing these creatures as
simple. Such considerations are not mere theoretical
speculations. The controversy over the behavior of pro-
tozoa is a good example of how helpless we are when
attempting to give an incontrovertible description of the
so-called “simplest” forms of life: To certain observers
they are simple reflex mechanisms; to others their be-
havior becomes intelligible only under the assumption of
complicated psychic processes.

The decision as to whether a certain pattern of be-
havior of an organism is simple or complex, presupposes
a knowledge of the “nature” of the creature involved.
Only on this basis can we understand whether or not
those traits are characteristic of this being. Only then
is a comparison of the behavior of various organisms
possible, and a foundation laid for the discrimination
between simple and complex organisms. In order to
decide whether a performance of a given organism is
simple or complex, it is necessary to know what de-
mands that performance makes-upon the capacity of that
organism.
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Thus, the problem of simplicity and complexity leads
us back to the problem of unequivocal description of the
very essence, the intrinsic nature of the particular or-
ganism. Consequently, man becomes the obvious starting
point of our investigation, because the closer we stand in
our relations to a living being, the sooner we may expect
to arrive at a correct judgment regarding its essential
nature. At least, it is undoubtedly easier to avoid gross
mistakes in describing the behavior of man than of ani-
mals. Methodological difficulties and possible errors in
procedure can be more easily noticed in the human field,
since here the consequences of such faulty procedure af-
fect the modes of life and behavior more conspicuously.
By this statement I do not wish to deny or even to un-
derrate the importance of observations and experiments
on animals. Of course, the knowledge of animal behavior
must be acquired by investigating the animals them-
selves. What I am opposing is merely the uncritical trans-
fer of findings in one field to the other. To my mind, just
as the attempt to understand man from animals would be
a mistake, so also it is wrong to apply knowledge gained
from a study of man directly to animals. Clearly, we have
to avoid such insidious anthropomorphism. We must
avoid it just as we have to avoid zoomorphism. Experi-
ments with animals are certainly invaluable for many
problems of biology and medicine, if for no other reason
than that the material is so available. Their usefulness
will increase to the extent that our experiences with hu-
man beings serve to guard us against methodological
errors and wrong generalizations. Thus the study of
humans and that of animals, have each their proper
place. However, in so far as experiences in either field
may be considered apt to throw light on the other, we
should prefer to have the observation of human beings
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as the starting point and to derive from it our guiding
methodological principle.

I shall confine my discussion essentially to the nervous
system, since only in this realm do I feel confident that
my judgment of the material will be sufficiently reliable.
I believe, however, that the conclusions drawn will con-
vince the reader that it is permissible to make some gen-
eralizations regarding processes in the other systems of
the organism. Personally, I consider some such generaliza-
tions justifiable, since I do not think of a single organ as
a separate system with its own functions, but only as an
integrated part of the whole organism.

BIOLOGY AS A SCIENCE OF LIVING BEINGS. It might be
argued that biology, especially general biology, should
begin with an exact definition of life and of the charac-
teristics of living organisms, before it attempts to describe
and explain living organisms. As a matter of fact, this
problem of definition has often been raised and attempts
made to throw light upon it. Driesch, for instance, termed
biology “the science of life,” holding that the funda-
mental biological problem was to determine whether life
should be understood as a combination of chemical and
physical phenomena or as something possessing its own
elementary laws. As yet, no definition has been accepted
as final, and—what I regard as still more important—
no attempts at a definition have contributed very much
to our understanding of the living world: In any case,
we are certainly obliged to admit that such an attempt
presupposes a knowledge of living organisms; for a defi-
nition of life cannot be other than a concept derived
from a study of their behavior. Thus, such a definition
would, of necessity, be obliged to follow, rather than pre-
cede, our observations.

At what point should we begin? Perhaps we should
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first map out our subject matter. But is that really nec-
essary? Does any contemporary science proceed in this
manner? Not to my way of thinking! Any formalization
of the subject matter of a science is useful only if it fol-
lows, not precedes the investigation. This inevitably must
be the case since the subject matter itself becomes ap-
parent only during the process of research, as it emerges
from the indefinite province in which it was embedded.
This is equally true for biological research. The question,
“in what does living matter differ from non-living,” pre-
supposes that we have already separated the two. We
stand in the presence of a multiformity of material which
is scientifically undefined. This material is simply the
world around us, in which certain phenomena immedi-
ately stand out as “living,” without revealing to us the
why and wherefore of this characteristic, or even chal-
lenging an inquiry concerning it. Life confronts us in the
living being. These organisms, at least for the time be-
ing, provide our subject matter. With the essential nature
of life, we are not at present concerned; this will gradu-
ally reveal itself, as the characteristics of living organisms
become more apparent to us. Then, and then only, can
we begin to ask, and possibly answer the question where
life begins and ends, and what the difference is between
living and non-living matter.

And so it seems at least that it is the first task of
biology to describe carefully all living beings as they
actually are, to apprehend them in their peculiarities, to
recognize, differentiate, and to “know” them, to decide
whether and how they can be compared with each other,
and whether and how they are related genetically. As H.
J. Jordan* declares “The riddle of biology is the riddle
of the systems themselves,” i.e. of the specific nature of
the various organisms proper, and not that of the changes
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in a system whose organization is irrelevant to the in-
vestigator. To this pertinent statement I should only add
that, before change can be understood, we must have
reached at least a partial solution to this riddle of the
systems.

But how are we to seek this solution? We have said
that life confronts us in living organisms. But as soon
as we attempt to grasp them scientifically, we must take
them apart, and this taking apart nets us a multitude of
isolated facts which offer no direct clue to that which we
experience directly in the living organism. Yet we have no
way of making the nature and behavior of an organism
scientifically intelligible other than by its construction
out of facts obtained in this way. We thus face the basic
problem of all biology, possibly of all knowledge. And
it is the analysis of this problem, in respect to the living
world, which is here my whole concern. The question
can be formulated quite simply: Wkat do the phenomena,
arising from the isolating procedure, teack us about the
“essence” (the intrinsic nature) of an organism? How,
from such phenomena, do we come to an understanding
of the behavior of the individual organism?

Hitherto, the aim of biological research has been to
divide the organism, like any physical object, into parts,
and then to reconstruct it. But this procedure has yielded
few satisfactory results either in respect to the physical
or the psychic phenomena of an organism. Dissatisfac-
tion with these results has been one of my motives in re-
stating the problem. It has inspired the present investi-
gation, and has dictated a critical consideration not only
of the methods used hitherto in acquiring facts, but even
of the characteristics of “facts” themselves. It appeared
to me an important scientific task to decide in every case
what kind of a fact an observed phenomenon represents.
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The basic motive, however, was not primarily a dissatis-
faction with the theoretical results, but with their #nade-
quacy in medical practice. It became more and more ap-
parent that increased theoretical knowledge did not, by
any means, lead to an improvement in the realm of prac-
tice. Despite great strides in certain fields, patients as
well as physicians began to lose faith in the practical
value of the scientific theory. Nor did the immense in-
crease in the inventory of individual facts promote greater
confidence in the general theoretical principles purport-
ing to explain life processes. Again and again, new hy-
potheses became necessary in order to bring the facts into
accord with one another. This opened the way for queries
as to whether it was at all feasible to develop biology on a
strictly scientific basis—whether transcendental and vital-
istic factors were not essential to an understanding of
life. Even if one vigorously rejects—as I do—all such
factors, still there remains the question whether biology
as a science is at all possible.

This book, which seeks to resolve these questions, is
intended as an introduction to the practical work of the
physician as well as that of the biologist. Its aim is not
to offer theoretical speculations, but a presentation of the
facts themselves and a discussion of those explanatory
concepts which these facts suggest and through which,
in turn, a reliable comprehension of biological phenomena
is attainable.

At this point, we cannot elaborate on the methodolog-
ical process through which (despite the aforementioned
difficulty) we hope to arrive at a scientific treatment of
biological phenomena. The following critical discussion
of the traditional procedure, and our approach to the
study of a living organism, may serve to make evident the
adequacy of our type of research. Subject matter and
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method are interrelated; the more the subject matter of
our research becomes distinct, the more clearly will the
method itself become manifest. Whether or not both are
adequate instruments of science can be verified by only
one criterion: fruitfulness in their respective fields. We
must attempt to understand living organisms in the most
fruitful way!

Apropos of methodology, one thing must be emphasized
in advance. We will not be satisfied with any form of in-
tuitive approach. Every natural science, indeed any sci-
ence at all, must start with an analytical dissection. So
too, in biology we must first observe the “parts” of the
organism. We are forced to accept this point of departure
because a naive approach to the phenomena is not feasible,
unless one is to be content with fictitious generalities.

DEPARTURE FROM PATHOLOGICAL DATA. Our treatise dif-
fers from the usual one, in that it proceeds from patho-
logical rather than from normal phenomena. This ap-
proach requires some justification. Nobody will doubt that
the observation and analysis of pathological phenomena
often yield greater insight into the processes of the or-
ganism than that of the normal,

There is greater revelation in pathological phenomena.
By this, of course, I do not mean that they immediately
provide us with a real understanding of the nature of the
organism. As long as one regards the pathological simply
as curiosa, created by disease, we cannot hope, in study-
ing them, to advance our knowledge of normal phenom-
ena. Upon these grounds, certain investigators entirely
reject the use of pathological material. Their skepticism
seems justified in so far as the uncritical deduction of
theoretical concepts from experiences in pathology may
lead, and often has led, to improper conclusions in, and
applications to, the field of normal psychology. I am
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thinking, for instance, of the theory of the structure of
language—the so-called “speech maps,” based on patho-
logical phenomena. This theory was harmful, in that it
strengthened the associationists’ claims in psychology,
and, in so doing, reinforced the opinion that mental life
is the mere sum of isolated operations,—a view which
today is accepted as erroneous. But this fatal influence
that pathology exercised on the ideas of normal phe-
nomena was not occasioned by the use of pathological
material as such; rather it must be attributed to an inap-
propriate use and insufficient analysis of that evidence,
and furthermore, to an uncritical transfer of results and
theoretical interpretations from one field to another.?
Such a transfer is permissible only if one knows and
takes into account the specific laws which govern the phe-
nomena in each field of science. This aspect of the prob-
lem has often been disregarded; moreover, insufficient
attention has been paid to the particular change which
disease creates in a living process—a change that does
not permit of any mechanical application of such patho-
logical disclosures to the normal process. In view of this
rather confused state of affairs, those who reject the use
of pathological phenomena seem to be justified. They are
not right, however, in the assumption that disease pro-
duces abnormal phenomena which in principle preclude
an inference applicable to the normal. On the contrary,
it has become increasingly evident that pathological phe-
nomena can be recognized as an indication of lawful
variations of the normal life process. And moreover, they
become very useful for the understanding of normal phe-
nomena, provided one explores and takes into account the
laws which characterize these pathological conditions.
Then the use of the pathological proves extremely help-
ful to an understanding of the normal, and a knowledge
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of the character of pathological condition per se acquires
particular significance for biology.

Since a disease process is a modification—and indeed,
a very significant modification—of a normal process,
biological research cannot afford to neglect it. I hope that
in this book I have succeeded in making clear how great
a profit biology may draw from a study of these modified
forms of normal phenomena. In recommending the use
of pathological material, I wish to emphasize that the
study of processes “decomposed” by disease has also led
‘to improvements in the field of general methodology, im-
provements known to be of great value in the study of
the normal. But, in the last analysis, is there really such
a fundamental distinction between the ‘“normal” mate-
rial used in biological experiments and pathological ma-
terial? The true difference between the normal and the
patbological would only be evident, if in our biological
observations we dealt with perfectly “normal” animals;
but when we experiment, or observe under experimental
conditions, we actually interfere with these organisms,
so that the difference between normal and pathological
material diminishes considerably. So, from our point of
view, experimental interference and disease mean essen-
tially the same thing. In both cases our observations are
made upon substrata that have been impaired. As we
shall see, the symptoms of disease and the results of ex-
perimental observations can actually be relegated to the
same class. Failure to understand the similarity between
the changes brought about through disease, and those
induced by experiment, has resulted in many erroneous
conclusions respecting normal process, conclusions which
we hope may be corrected through the point of view here
introduced.

I may be taken to task for not having cited sufficiently
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the views of other authors in this book, particularly since
many of my findings are doubtless related, or are even
indebted to such sources. In answer to such criticism, I
can only say that my intention has been to give a clear
presentation of facts and not to supply a historical sur-
vey of how the problems involved have been treated
heretofore. A thorough examination of the problems from
the historical point of view would have far exceeded the
scope of this volume. For the same reason, reference to
the literature is made only when a particular book seems
to have a significant bearing upon the views expressed
here. Where there is a relationship between my view and
others, I feel that the fact will become apparent to those
who are familiar with the subject, possibly even more ap-
parent than it is to me. While working, one cannot and
should not constantly stop to consider whether a certain
view or procedure owed its incentive to some worker in
the field. As Goethe ® said: “Der Kuenstler empfange
nicht allein den Stoff von aussen, auch fremden Gehalt
duerfe er sich aneignen” and similarly, “kann und muss
auch der Gelehrte seine Vorgaenger benutzen, ohne jedes-
mal aengstlich anzudeuten, woher es ihm gekommen . . .”
“wenn nur eine gesteigerte, wo nicht vollendete Form uns
angehoert.” * The crucial point in the evaluation of my
findings will be whether my endeavor complies with these
standards to some extent; in other words, whether the
ideas laid down in this book are fruitful for our field of
inquiry.

I should not like to present this book to the public
without a grateful reference to my co-worker A. Gelb

* “The artist receives from without not merely his subject matter; he
may also take unto himself foreign ideas,” and similarly: “Provided he
presents the material in a refined if not perfected form, the scientist may

and must make use of historical predecessors without religiously refer-
ring to the source of his material . . .
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whose untimely death I deeply deplore. Many of the
thoughts voiced here are the result of more than ten
years of collaboration with him, and it would be impos-
sible to determine which of us first conceived or expressed
them.



CHAPTER ONE

METHOD OF DETERMINING SyMPTOMS. CERTAIN
GENERAL Laws oF OrcaNIsMic LIFE. OBSERVA-
TIONS ON PERsONS WITH BRAIN INJURIES

As our starting point, we are taking phenomena ex-
hibited in man when the brain cortex is damaged. This,
for two reasons: First, because, with some justification,
we attribute a particular, dominating significance to the
cortex; and thereby, phenomena appearing during its in-
jury will be especially relevant for our understanding of
the essential nature of man. Second, because the analysis
of these phenomena enables us to demonstrate certain
general laws of the disintegration of function,; and thereby
these laws in turn, will be especially relevant for our
understanding of the organism’s functions.

A study of most of the former publications may convey
the impression that cortical injury is usually followed by
a loss of circumscribed functions, such as speech, visual
perception, or motor performance. Writers on the subject
actually assumed this to be so. According to this concep-
tion, they distinguished and designated various disease
syndromes by such terms as aphasia in its various forms,
visual agnosia, apraxia, etc. They assumed also that cir-
cumscribed centers controlled those particular functions.

In recent years, however, improved observation has led
to a change of this view. It has been found that, even in
cases of circumscribed cortical damage, the disturbances
are scarcely ever confined to a single field of performance.
In such intricate syndromes, we deal not only with a sim-
ple combination of disparate disturbances, but also with a

1
0-3 5
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more or less unitary, basic change which affects different
fields homologously, and expresses itself through different
symptoms. It has also become apparent that the relation-
ship between mental performances and definite areas in
the brain, constitutes a far more complicated problem
than the so-called localization theory has assumed.

This difference in observations should not lead us to
believe that the more recent investigators are more com-
petent than the earlier ones. The early investigations
were those of experts who were highly esteemed and real
masters in their field. Rather, a difference in the method-
ology was responsible for the emergence of other facts.

The problem of methodology has the greatest signifi-
cance for psycho-pathology, and for biological research in
general. For example, in the descriptions of symptoms
given by the so-called “classicists” on the subject of
aphasia—we choose these because they demonstrate the
general procedure particularly well—we find that their
characteristic tendency, their reference to a hypothetical
“primary symptom,” renders a given symptomatology
plausible. In motor-speech disturbance, for instance, an
impairment of the “motor-speech images” was regarded
as the “primary” symptom. Where this speech defect was
found associated with a disturbance of the writing func-
tion, the latter was likewise interpreted as a consequence
of the impairment of the “motor-speech images.” In word
deafness, an impairment of the sensory speech images was
assumed to be the primary symptom. From this primary
symptom, they also attempted to explain the further
symptoms found in such cases, for instance, paraphasia.

The fundamental principle of this procedure is, of
course, reasonable. We shall see later, that we cannot
obtain direct proof of a functional disturbance (see page
121). To define the latter, we are dependent upon con-
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clusions derived from changes in performances as ex-
hibited in the symptoms. Such procedure can be con-
clusive, only if we ascertain, by accurate analyses of
every disturbed performance, the one functional disturb-
ance which really does account for the appearance of
the various changes. This exactness can hardly be ex-
pected from pioneer work in an unknown field, where
obviously one must begin by examining the most striking
features. And this is not dangerous as long as one bears
in mind that the phenomena which first attract attention
are not necessarily essential, or basic, not necessarily the
key to all subsequent phenomena. Such phenomena stand
out only by virtue of certain circumstances; and while
they may appear to be characteristic, they do not neces-
sarily support a theoretical foundation for understanding
the genesis of the whole symptomatological picture. The
danger arises only when this discrimination between es-
sential and incidental phenomena is neglected, and when
the scientist forgets that he bases his theory upon such
a defective foundation. The incidental phenomena may
have value only for preliminary orientation, and may, at
best, merit the position of a crude working hypothesis.
The real crisis arises when, even in the face of new find-
ings, the investigator cannot free himself from the former
theory, rather, he attempts to preserve it, and, by con-
stant emendations, to reconcile it with these new facts,
instead of replacing it by a new theory fit to deal with
both the old and new facts. This error has not been
avoided in the evolution of the classical doctrine.

THE PROBLEM OF DETERMINATION OF SYMPTOMS

The basic error in the procedure under consideration
was the failure to recognize the complex problem in-
volved in the method of symptoms.* We have become so
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accustomed to regard symptoms as direct expressions of
the damage in a part of the nervous system that we tend
to assume that, corresponding to some given damage,
definite symptoms must inevitably appear. We do so,
because we forget that normal as well as abnormal reac-
tions (“symptoms”) are only expressions of the organ-
ism’s attempt to deal with certain demands of the en-
vironment. Consideration of this makes it evident that
symptoms are by no means certain to become self-ap-
parent. Symptoms are answers, given by the modified or-
ganism, to definite demands: They are attempted solu-
tions to problems derived on the one hand from the de-
mands of the natural environment, and on the other
from the special tasks imposed on the organism in the
course of the examination. We shall see (page 46 ff.) that
in the everyday life of the patient, a certain transforma-
tion of the environment goes hand-in-hand with each
defect, and tends to prevent certain disturbances from
manifesting themselves. It is of primary interest that the
appearance of symptoms depends on the method of ex-
amination, although the significance of this fact has been
largely overlooked. By focusing attention only upon cer-
tain phenomena, or upon a selected few, the investigator
comes to isolate ‘“symptoms.” Phenomena, more striking
than others, are registered first, and so give the im-
pression of being fke dominant symptom. Most likely to
attract attention, of course, are the atypical reactions to
a normal situation, and especially, the complete absence
of any reaction when one is expected.

In this way, complete loss of a special function tends
to be the outstanding symptom, and conceals the real or
basic defect. On other occasions, those phenomena ap-
pear, more or less accidentally, as outstanding symptoms,
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which are answers elicited by specific questions presented
by the examiner.

Of course, these “questions” are not fortuitous, but are
dictated by the investigator’s fundamental ideas about
the phenomena he is studying. It is true, these ideas them-
selves may have been suggested by the data; but fre-
quently a theory has been evolved on the basis of symp-
toms that have gained their apparent pre-eminence purely
by chance. This bias has often resulted in delaying the
understanding of the symptoms and the advance of re-
search. Of course, if one tried to include all symptoms
in the construction of a theory, no theory could ever be
elaborated. Obviously, such theorizing presumes that one
has grouped the symptoms into the more and less rele-
vant—the primary and secondary—and has tried to build
only upon the so-called primary symptoms. In making his
distinctions, the investigator is commonly prejudiced by
theoretical viewpoints which have proved useful in other
fields of research, and which he judges—usually without
testing their qualifications—to be adequate for the mate-
rial at hand.

Heretofore, psycho-pathological symptoms were ex-
plained in the light of concepts borrowed from reflexology
and the prevailing association psychology. The theory
that the structure of the nervous system is based on a
number of separate mechanisms, each functioning inde-
pendently, led to the supposition that circumscribed in-
juries would result in disorders specific to the mechanisms
involved. Consequently, the investigator looked for the
latter and found them, because he noticed only the dis-
orders which best corresponded to the theory, ie. dis-
orders which could be regarded as changes resulting from
the failure of a hypothetically independent and separate
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function. Just as normal events had been explained as
composites of elementary processes, so also, symptoms
were interpreted as changes of similar mechanisms of
mental elements. When the investigator assumed that an
impairment of motor speech images was the cause of
motor aphasia, or an impairment of visual images the
cause of alexia, he believed that his deductions were genu-
‘inely based upon the symptoms. Actually, such explana-
tions were merely the outcome of a theoretical precon-
ception, merely an interpretation of the phemomena in
terms of a special theory, i.e. association psychology.

The correctness of the basic assumption was accepted
so implicitly, that no attempt was made to prove that the
images in question really played the part in normal speech
which it was assumed they did. Neither was any attempt
made to ascertain whether these images were actually
defective in patients.

Once the basic concept of the importance of specific
areas for certain functions was formulated, and seemingly
confirmed, it now determined all subsequent investiga-
tions, especially because of its applicability to practice.
Thereaftet, the question was confined to the decision as
to whether the supposed individual centers and pathways
functioned in a “normal” or “abnormal” manner. Still
more serious was the fact that this concept became the
criterion for determining whether or not individual phe-
nomena belonged in the given syndrome resulting from
injury to a certain area. If, besides the phenomena which
had been regarded as essential symptoms, others were
found, these were pushed aside as “complications” that
disturbed the “purity” of the case, and were considered
the result of some injury incurred simultaneously in an-
other area. Or, if this were not done, an attempt was
made to explain them as merely secondary effects contin-



DETERMINATION OF SYMPTOMS 21

gent upon the hypothetically primary disturbance. Yet
not even the growing necessity for the most diverse modi-
fications of the basic conception and for the most daring
theoretical constructions has deterred theorists from
building such auxiliary hypotheses.

THREE METHODOLOGICAL POSTULATES. Clearly such rea-
soning in circles has necessarily delayed the realization
that the basic concept is untenable. Yet this procedure
can be regarded as characteristic of the majority of clini-
cal, physiological, and biological research of the older
school. In what respect does our procedure differ from
that described? Simply, in that we have endeavored to
record, in an open-minded fashion, a// phenomena. Pur-
suing this aim, there result three methodological postu-
lates equally valid for the examination of patients or
animals.

(1) The first methodological postulate is: Consider
initially all the phenomena presented by the organism
(in this case it may be a patient), giving no preference,
in the description, to any special ome. At this stage no
symptom is to be considered of greater or less importance.
Only under these conditions is the description correct.
It must be left for future investigation to determine how
far one symptom, rather than another, is essential for
understanding the underlying changes of a function.

Every unbiased and exhaustive examination of a case
repeatedly teaches us that alteration of a given perform-
ance, even if at first sight it appears to be very prominent,
is not necessarily of primary significance for understand-
ing the underlying functional disturbance. On the other
hand, a trifle which barely attracts notice may be of the
utmost importance. For example, as long as the most
prominent symptom of amnesic aphasia, namely, the diffi-
culty in finding words, was allowed to suggest the ex-
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planation of this disease, the theory that the basic dis-
turbance consisted in a reduced evocability of speech
images, appeared perfectly satisfactory. But as soon as
a subtle and formerly neglected alteration in the total
behavior of the patient was taken into consideration, there
resulted not only an entirely different conception of the
underlying functional disturbance, but a new insight into
the meaning of the aphasic phenomena was made pos-
sible. The difficulty in finding words, formerly regarded
as the main symptom, retreated into the background. The
theory of the reduced evocability of speech images be-
came obsolete, because it could be sustained only by
means of auxiliary hypotheses—hypotheses not required
in our explanation—since the patients are quite capable
of using the words under specific circumstances. They
have not lost the use of words per se, but the ability of
employing words as bearers of meaning. Under circum-
stances where the latter is not demanded, and the words
“belong” to an action or concrete situation, the patient
“has the words.” The inability to find and use words
voluntarily, is not due to the primary defect of the speech
mechanism, but to a change in their total personality
which bars them from the situation where meaning is
required.***

(2) The second methodological postulate concerns the
correct description of the observable phenomena them-
selves. It was a frequent methodological error to accept
what amounted to a mere description of the effect; but
an effect might be ambiguous with respect to its under-
lying function. Therefore, only a thorough analysis of the
causes of such effects, of success or failure in a given
task, for example, can provide clarification. The older
psychopathological investigations usually confined them-
selves to the question of whether a patient actually gave,
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or failed to give, the correct response in a task. This
“plus or minus method,” however, is inadequate, no mat-
ter whether we are dealing with positive or negative re-
sults. If we regard a reaction only from the standpoint of
the actual solution of a task, we may overlook the devia-
tion from normality, because the individual completes the
task by a detour which may not be evident in the solution.
Only accurate analysis, through an examination which
makes it impossible for the patient to achieve a result in a
roundabout way, can disclose the defect. If our capacity
to observe were not so imperfect, closer attention would
show that the patient has reached the goal in an abnormal
manner, for of course, under such conditions the results
cannot correspond, in all details, to the normal. Once we
become alive to this fact, diagnosis is often simplified by
noting small and hitherto unobserved deviations. We may
use an example to illustrate this.

Patients with loss of “categorical behavior” ® find it difficult,
for instance, to consider an individual color according to a
category such as redness, greenness, etc. When we ask patients
to select all red color skeins of the Holmgren wool samples,
they often place the colors “in a row”: the lightest to the dark-
est red. On the basis of this we might assume that they have
proceeded categorically, since they have apparently selected the
shades according to a concept—in this case that of brightness,
and therewith have placed them in a row. This assumption,
however, is based on an error of observation, namely, a dis-
regard for the slight differences which distinguish the patient
behavior from a behavior determined by the categorical atti-
tude. It can easily be shown that they have not proceeded and
cannot proceed categorically: they are not able to arrange the
colors in a row as to their brightness, if asked to do so. They
also fail in the task of putting together all the reds in a heap—
activities which presuppose the categorical attitude.

These observations make it rather doubtful whether the
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patient originally selected the skeins according to the category
of brightness. Actually, if one more carefully examines the
manipulations of the patient, one discovers that he has not
really laid down a row according to brightness. What he did,
was to place one skade beside another, one at a time. In this
way, single pairs of similar shades were formed under the
guidance of the concrete sensory cohesion between the last
skein and the mext similar one. By this procedure of “succes-
sive pairs,” he finally came to an arrangement which in foto
looked like a scale of brightness, but really was not. In select-
ing a new skein the patient was entirely and solely dependent
on the skein which immediately preceded it. This accounts for
the pairing of, and the imtervals between the skeins.'® 17 That
his procedure was determined by this “piece to piece” perform-
ance, could be shown by the fact that when the examiner re-
moved the skein the patient had last placed in position, he was
unable to continue with his “series.” This showed that he de-
pended on the immediately preceding skein for the selection of
the new one. We mention this example to show how vital it is,
for an accurate interpretation, that description of phenomena
be minute and exact. And, in order that the description be
correct, how careful must be the attention given to those small
matters all too easily overlooked through theoretical bias.

Equally ambiguous are the negative results of a medical
examination. The wrong response is too often judged to
be a simple failure, whereas actually, under careful analy-
sis, it may throw considerable light upon the mental
functions of the patient. Only by this means can we dis-
cover whether there is really a defect in the ability de-
manded by the task, or whether the patient has failed
only because of special circumstances induced by the task
situation (see page 35). Furthermore, in the wrong re-
sponse, analysis often uncovers a detour which the patient
has used, perhaps because the normal way was not prac-
ticable. Such facts may have an important bearing on the
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explanation of the capacities of the organism (see pages
243, 246).

(3) The third methodological postulate we wish to
stress is that no phenomenon should be considered with-
out reference to the organism concerned, and to the situ-
ation in which it appears. We shall have to refer to this
point so often that it is not worth further elaboration at
this time. Little as this requirement has been observed in
the past, because of theoretical bias, it should nonetheless
become a matter of course in the future. Many an error
would have been avoided in psychopathology if this postu-
late, quite deliberately stated by Hughlings. Jackson *®
decades ago, had not been so completely neglected. The
same postulate holds to no less a degree for animal be-
havior observations (cf. e.g. page 40). Later on we shall
deal in detail with the fundamental difficulties follow-
ing from the application of this precept, since it necessi-
tates taking into account the organism as a whole.

We wish to refute briefly two possible objections to our
methodological postulates. The first concerns the charge
that, according to our postulates, one can never really
determine at what point an examination can be regarded
as completed. As a matter of fact, it never is. But there
is still a great difference between the two forms of pro-
cedure: between the usual description and enumeration
of separate disturbances, such as those of visual or lin-
guistic performances, etc., and our procedure, which is
primarily directed toward the cognition of the whole, and,
within this frame of reference, seeks to analyze as many
individual performances as possible. This technique will
certainly obviate the grossest errors, even though it may
not lead to absolutely incontestable results. Bearing in
mind this aim of completeness, it will be possible to avoid
precipitate theoretical conclusions and the rigid main-
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tenance of any hypothesis preventing us from radically
revising our theories, on the strength of new experience.
In the course of the examination, one comes to a point
when one feels that the analysis can be terminated with-
out risk of gross errors in the interpretation. The examina-
tion must be carried far enough at least to insure that
(on the basis of the facts) a theory can be developed
which will render understandable all observed phenomena
in question, and which will make it possible to predict
how the organism will react, even in such tasks hitherto
not investigated. Only such an analysis is to be considered
adequate.

The procedure of investigating the patient, which Gelb and
I have described as a case of visual agnosia, may provide an
example. On the basis of our first examinations, which were
not sufficiently exhaustive, we had formed a hypothesis which
was not quite adequate. Further examinations drove us to the
formulation of a new hypothesis which did justice to both old
and new facts, The further we advanced with the examinations,
the more clearly delineated did the functional disturbance in
this case become. Finally, we have progressed so far toward
constructing the total picture of the patient that we can pre-
dict with relatively great certainty how he will behave in any
situation, even in respect to tasks which we have not yet ex-
amined. Only cases which have been investigated with such
thoroughness should be used in the formation of a theory.
One single extensive analysis of this sort is muck more valuable
than many examinations involving many patients, but vielding
only imperfect conclusions.

This leads to the second objection to our postulates.
Our procedure necessarily enforces a limit upon the num-
ber of cases investigated. To examine many cases so thor-
oughly would be patently impossible. It is argued that
this may vitiate the conclusiveness of the statements,
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since we may have encountered a special instance which
cannot serve as pattern for the explanation of others.
This objection completely misses the point:—

First: The accumulation of even a myriad of imperfectly
investigated cases can in no way guide us toward recognition
of the true facts. There is no alternative to carrying the exami-
nation of each case to the extent we have indicated.

Second: Important though it may be to seek repeated con-
firmation of our findings through new case material, such con-
firmation adds nothing essential to our knowledge. Those pa-
tients must be subjected to investigation who offer a guarantee
of unequivocal statements of fact, as well as of theoretical
interpretation. Under such conditions, the conclusions drawn
from one case will likewise have validity for others. Since the
basic laws are the same, the multiplicity encountered in various
instances will be readily understood, once these basic laws are
recognized. True, a new observation may induce us to modify
somewhat our original assumptions; but if the analysis of the
first observation was sufficient, this modification can be made
without conflict, whereas imperfect analysis of ever so many
cases may be very misleading—as the literature bears witness
only too clearly.

If patients with cortical injuries are examined accord-
ing to these methodological principles (I am thinking
primarily of patients whose “central” cortical region (see
page 46) has been injured), an extraordinarily intricate
picture results, a systematic account of which has been
given in a number of papers. I must forego details at
this point, referring the reader to the case studies (indi-
cated in the bibliography) as models for the correct meth-
odological procedure in describing observable phenomena
of a patient and arriving at an adequate symptomatol-
Ogy.w, 16, 19-31
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DISINTEGRATION OF PERFORMANCES AND THE
HIERARCHY WITHIN THE ORGANISM

Before outlining the features which all these cases have
in common, we must define the term “performances”:
We call performance of an organism any kind of behavior,
activity, or operation as a whole or in part, which ex-
presses itself overtly, and bears reference to the environ-
ment. Hence physiological processes, events within the
nervous system, mental activities, attitudes, affectivities
are not performances as long as they do not manifest
themselves in some overt action—any disclosable outward
behavior. More specifically, a performance is a coming
to terms of the organism with environmental stimuli by a
behavioral act, be this eyelid-closure under stimulation
or a total movement like running towards a goal, or hear-
ing, seeing, etc.

The aforementioned outline may now be presented:

(1) A single performance or performances in a specific
field (e.g. visual, motor) * will never drop out alone. In-
variably all performance fields are affected, although
the degree to which the individual field is involved, varies
(see explanation below).

(2) A single performance field will never drop out
completely. Some individual performances are always
preserved. Responses to the apparently equal demands
of equal tasks do not drop out indiscriminately under all
circumstances. There is a peculiar and, at first, subtle
variation of reaction, even when the demand remains
constant. This inconsistency is usually explained as the
effect of some disturbances of “general functions,” such as
fatigue, etc., or it is argued away. Actually, it indicates
to us the need for further analysis.

* Hereafter, we shall speak in this context of a “performance field.”
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(3) The modification of performances manifested by a
patient in different fields is in principle of the same nature.
The different symptoms can be regarded as expressions
of one and the same basic disturbance. In spite of this,
we are confronted with various syndromes having to do
with the question of localization. This will be discussed
later (see page 249).

(4) The basic disturbance can be characterized either
as a change of behavior, or as an tmpairment of the func-
tions of the brain matter. The discussion of the latter, we
have to postpone (see page 150). Here we shall merely
confine ourselves to a characterization of the change in
behavior. We venture to remark that whenever the pa-
tient must transcend concrete (immediate) experience in
order to act—whenever he must refer to things in an
imaginary way—then he fails. On the other hand, when-
ever the result can be achieved by manipulation of con-
crete and tangible material, he performs successfully.
Each problem which forces him beyond the sphere of
immediate reality to that of the “possible,” or to the
sphere of representation, insures his failure. This mani-
fests itself in all responses such as action, perception,
thinking, volition, feeling, etc. The patient acts, perceives,
thinks, has the right impulses of will, feels like others,
calculates, pays attention, retains, etc., as long as he is
provided with the opportunity to handle objects con-
cretely and directly. He fails when this is impossible. This
is the reason why he does not succeed in intelligence tests.
This is also the reason why he can grasp a little story as
long as it concerns a familiar situation in which he, him-
self, has participated. But he will not understand a story
—certainly no more difficult for the average person—re-
quiring him to place himself, in imagination, in the posi-
tion of someone else. He does not comprehend metaphors
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or puzzles. He can manipulate numbers in a practical
manner, but has no concept of their value. He can talk
if there is some concrete subject matter present for him
to depend upon, but he cannot recount material unrelated
to him, or report it purely conceptually. He is inca-
pable of representation of direction and localities in ob-
jective space, nor can he estimate distances; but he can
find his way about very well, and can execute actions
which are dependent upon perception of distance and
size.

Depending on which of these manifestations of the
basic disturbance has been brought into focus, they have
been named respectively: disturbance of “symbolic ex-
pression” (Head), of the “represemtational function”
(Woerkom), of “categorical behavior” (Gelb and Gold-
stein). With regard to the effect of the change, one may,
in emphasizing the disturbance of that capacity which is
prerequisite for the performance in question, talk of im-
pairment of the capacity to comprekend the essential
features of an event.

Or we might point to the patient’s inability to emanci-
pate and withhold himself from the world, the shrinkage
of his freedom, and his greater bondage to the demands
of environment. The most general formula to which the
change can be reduced is probably: The patient has lost
the capacity to deal with tkat whick is not real—with the
possible > *

Inquiring now into the question of how the various per-
formances reveal the impairment, we find that voluntary
performances are particularly affected, while activities
directly determined by the situation remain relatively
intact. Adapting a performance so that it corresponds to
the changing demands of the situation requires a volun-
tary attitude. Therefore, all those performances which re-
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quire, for their proper execution, such a voluntary shift-
ing, must suffer, e.g. all “choice reactions.” Tke isolated
performances are affected to a greater degree than the
so-called total responses. This shows itself in a greater
loss of isolated movements than of integrated movements,
as well as in the inability to distinguish the details of a
picture (the whole of which may yet be recognized), or
in the inability to pronounce a single word or single let-
ters out of context. The disintegration of a familiar func-
tion proceeds from the highly differentiated and articu-
lated state * to a more amorphous total bekavior.

The symptoms vary with the severity of impairment,
and the degree to which one area or another (see “locali-
zation” below) is affected. The basic disturbance, how-
ever, remains the same. 1 cannot produce proof of this as-
sertion here, but since my concept has not remained un-
disputed, I should like to refer to the pertinent litera-
ture.!® 1" 323¢ T might emphasize at the same time, how-
ever, that for our particular purposes, the differences of
opinion are unimportant. One thing is agreed upon: cor-
tical injury does not result in the loss of isolated per-
formances, but in systematic disintegration following the
principle that certain forms of behavior will be impaired
while others remain intact. Only with this in mind, will
it be possible to make a distinct classification of the per-
formances which the patient can and cannot carry out,
as well as to provide a meaningful description of the
symptoms.

Is our characterization of the change after cortical in-
jury satisfactory? Are we really dealing exclusively with
the impairment of certain kinds of behavior? Have not
“contents” also dropped out? Certainly! Yet it must be

* This term is logically related to the German word “Prignant,” often
found in Gestalt literature.

0-4
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admitted that many of these losses are secondary, since
it is true that certain contents appear only within certain
kinds of behavior. The impairment of the behavior en-
tails the loss of numerous contents. This is perhaps most
clearly demonstrable in cases of what are known as “am-
nesic aphasia.” Patients suffering in this way have lost
the ability to call objects by their names. Seemingly, they
lack the “content”: names. The analysis, however, indi-
cates that, in such cases, we are dealing with a disturbance
of “categorical” behavior, an impairment of the capacity
to experience and to handle “meaning,” which is requisite
for “naming” objects. This explains why the patients can-
not find the words in those situations where the words
have to function as symbols—as representatiens for some-
thing. The loss of “contents” is therefore secondary.

But contents can also be embedded in other forms of
behavior, namely, those which belong to acquired facul-
ties; for example, words memorized in foreign languages.
Such contents may be preserved, in spite of a disturbance
of the aforementioned behavior. To illustrate: Some indi-
viduals, with a good command of language, of superior
linguistic knowledge, are able to name certain objects,
even when they are afflicted with “amnesic aphasia.” *¢
Under other conditions, these acquired performances may
be lost when the substratum is damaged. Only exact
analysis can show whether, in any particular case where
“contents” are lacking, we are dealing with a consequence
of behavior disturbance, or of loss of these acquisitions.
Only in the case of these acquired faculties are we en-
titled to speak of contents. The distinction is of funda-
mental importance for accurate diagnosis of a disturbance,
as well as for any attempt to prescribe therapeutic exer-
cises, because only correct diagnosis of the change can
provide the correct procedure. These comments apply
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equally well to the interpretation of content losses in
operated animals, and to all experiments on relearning
after injury, etc.

Accurate observation of many cases teaches us that
disintegration of function always results in the seme pat-
tern of distribution of the intact and affected modes of
behavior. The behavior we have characterized as cate-
gorical behavior always suffers first. We are well justi-
fied in crediting the intact organism with a greater per-
formance capacity than the injured one, and in admitting
that the “higher” or more complex performances require
a more intact substratum than the simpler ones. There-
fore, we speak of a hierarchy or descending scale of dis-
integration, in which the higher performances are more
disturbed than the simpler ones. Study of the phenomena
in progressive and regressive brain processes most clearly
reveals such a hierarchy in the regular succession of the
onset of the various symptoms, and their abatement in
recovery.

We might venture to say that the most complicated per-
formances, those first to be impaired, are probably the
ones most essential and most vital to the existence of the
organism, and further, with respect to the nature of the
organism, they have the highest functional significance.
Through the deterioration of those performances, the or-
ganism loses its most characteristic properties. We may
become particularly conscious of this fact, by contrasting
an individual suffering from brain injuries with a normal
person. Those behavioral forms which are earliest and
most markedly affected, express the main characteristics
of man, and bring to the fore his unique place in nature
(cf. page 30).

In this way, the order manifested in the disintegration
may provide us with the idea of a hierarchy of capacities
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and performances—a stratified structure of the organism.
Of course, it is not hierarchical in the sense that the in-
dividual forms of behavior represent performances exist-
ing in isolation, side by side, and only linked one to the
other. It is not so simple as that. We shall later indicate
how this relationship is to be understood (see page 479).

CHARACTERIZATION OF PERFORMANCES ACCORDING
TO THEIR FUNCTIONAL SIGNIFICANCE OR VALUE
AND THEIR SURVIVAL IMPORTANCE

Our use of the terms “higher” and “lower functional
significance” or “value,” requires clarification. If, from
one standpoint, we characterize certain forms of behavior
as intrinsically valuable because of their significance for
the nature of the organism, we might, from another stand-
point, characterize other performances as most important
because they resist the effect of injury. Without doubt, the
survival of ‘“automatic’”’ performances, in contrast to
that which we have characterized as “higher,” more con-
scious, or more voluntary, is of special importance for
the organism, inasmuch as they are those which insure
mere existence. In this sense, we would be justified in
speaking of performances which have greater or less
importance for survival. This is what is implied in the
expression “the instinct of self preservation.” If this
means preservation only in the sense of continued sur-
vival, we may ask the questions: Does such an “instinct”
exist in the normal organism? More specifically, can it be
regarded as belonging to the highest level of functioning,
or is not the appearance of such a “drive,” as the pre-
dominant feature in an individual, itself a symptom of
abnormality—a pathological phénomenon? As we shall
see, the normal organism is characterized as a “Being”
in a temporal succession of definite form. For the reali-
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zation of this “Being,” the existence; the “mere being
alive,” plays, of course, a prominent, but by no means,
the essential rdle. Under extreme circumstances, it can
be compatible with the “nature” of an organism to re-
nounce life, i.e. to give up its bodily existence, in order
to save its most essential characteristics—for example,
a man’s ethical convictions (see page 328). Preservation
of material existence becomes “essential” only after defect
sets in, and possibly in certain emergencies. In the latter
case, the body achieves the position of supreme impor-
tance, since all the other possibilities of self-realization
are bound to it. Regarding the defective organism, the
scale of performance values is likely to differ from that
of the normal. In order to preclude any misunderstanding,
we shall differentiate in the future, between functional
significance or value—by which we shall mean “essential
to the nature of the organism,’—and “swrvival impor-
tance” by which we shall mean “paramount in the preser-
vation of its life.” In the normal organism, the two usually
go hand in hand inasmuch as here preservation also means
preservation of the intrinsic nature so far as that is pos-
sible. In the pathologically changed organism, the preser-
vation of existing potentialities, the survival importance,
comes to the fore. At present we only wish to stress the
importance of the principle of hierarchy indicated in the
laws of disintegration, and will subsequently return to
this question with special reference to the structure of
the organism (cf. page 492).

CERTAIN GENERAL RULES DETERMINING ORGANISMIC
LIFE

NORMAL (‘ORDERED’) BEHAVIOR AND ‘DISORDERED’
BEHAVIOR. CATASTROPHIC REACTION. A description of the
mere defects does not give an adequate characterization
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of the injured condition of the organism. In order to un-
derstand the latter completely, we must also pay close
attention to the intact performances. Indeed, the question
of how the organism can continue to exist in spite of such
great impairments, spurs us on to this task. Let us first
consider another peculiarity of the injured organism, which
will throw considerable light upon the solution of this
problem, and which must come to our notice if we follow
our first methodological postulate. With this in mind, we
find that eack effective performance or eackh failure is an
integrated feature in a definite total behavior pattern. At
first, it may seem as if we were dealing with an obscure,
unintelligible, unsystematic alternation between success-
ful performances and failures. No explanation of this
alternation which resorts to fluctuation of so-called higher
functions or faculties, such as attention, fatigue, etc.,
reaches the core. It shifts the explanation to an allegedly
underlying, but equally unintelligible functional disturb-
ance. We can reach an understanding of this alternation
only by considering the total behavior in which the indi-
vidual performance appears. Total behavior can be di-
vided into two basic classes, objectively distinguishable;
to one of these classes belong the effectual, to the other,
the deficient performances. The first kind of behavior, we
call ‘ordered,’ the second, ‘disordered’ or ‘catastrophic.’
We shall encounter these two types repeatedly (see
page 45), but at first we must provide a more accurate
phenomenological description of both. In an ordered situ-
ation, responses appear to be constant, correct, adequate
to the organism to which they belong, adequate to the
species and to the individuality of the organism, as well
as to the respective circumstances. The individual himself
experiences them with a feeling of smooth functioning,
unconstraint, well-being, adjustment to the world, and sat-
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isfaction, i.e. the course of behavior has a definite order,
a total pattern in which all involved organismic factors—
the mental and the somatic down to the physico-chemical
processes—participate in a fashion appropriate to the
performance in question. And that, in fact, is the criterion
of a normal condition of the organism. Hence, ordered
and normal behavior are synonymous inasmuch as the
behavior is normal because it is “ordered.” The ‘“catas-
trophic” reactions, on the other hand, are not only “in-
adequate” but also disordered, inconstant, inconsistent,
and embedded in physical and mental skock. In these
situations, the individual feels himself unfree, buffeted,
and vacillating. He experiences a shock affecting not only
his own person, but the surrounding world as well. He is
in that condition which we usually call anxiety. After
an ordered reaction, he can ordinarily proceed to an-
other, without difficulty or fatigue. Whereas, after a
catastrophic reaction, his reactivity is likely to be im-
peded for a longer or shorter interval. He becomes
more or less unresponsive and fails even in those tasks
which he could easily meet under other circumstances.
The disturbing after-effect of catastrophic reactions is
long-enduring. Discrimination between these two types
of behavior is fundamental for the correct analysis of the
performance of an organism. The solution of a task will
depend upon whether the task itself has arisen during the
course of performances whick are within the realm of the
capabilities of the patient, or transcend the latter.
TENDENCY TO ORDERED BEHAVIOR. In time the patient
will—despite the persistence of the defect—return to an
ordered condition. Obviously, this will be especially true
of those patients whose disease came to a standstill, leav-
ing a certain defect. The picture, during the acute state,
is usually so complicated and varying as to make an un-
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ambiguous analysis impossible—which fact, incidentally,
is analogous to the situation in animal experiments, imme-
diately after experimental destruction of certain areas.
But this does not mean that the acute state can teach us
nothing. On the contrary, it can yield valuable informa-
tion about certain types of behavior in the organism. I
am thinking particularly, in this respect, of the signifi-
cance of the analysis of shock. At any rate, the picture
after “recovery” is much better suited for analysis, if for
no other reason than its relative consistency. Therefore,
for the present, we shall confine ourselves to analyzing
phenomena in cases which have been “cured,” although
still persisting in some defects.

Examination of patients in this re-ordered condition
convinces us that the remaining performances show a
number of peculiarities which are of interest, not only
because of their mere occurrence, but also because they
throw light upon the question of how the disordered or-
ganism regains a state of order. If it is correct to assume
that disordered behavior results from the fact that the
organism is confronted with tasks with which it cannot
cope, then, in a defective organism, disordered behavior
necessarily will predominate. In this state, the organism
is confronted by its environment with many a task which
has become insoluble on account of such a defect. But,
in the face of this condition, how does the organism again
achieve a state of order? Let us consider the facts:

LACK OF SELF-PERCEPTION OF DEFECTS. TENDENCY TO
EXCLUSION OF DEFECTS. We are first struck by the ob-
servation that the disturbing stimuli apparently have no
effect on the behavior. This becomes evident, when we
study the subjective experiences of the patients, as well
as their objective behavior. Since the investigations of G.
Anton,*® this phenomenon has been known as: “lacking
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self-perception of the defect.” It has been frequently ob-
served in various disturbances: in the visual by Anton*®
Redlich and Bonvicini,** ** Hartmann,*® and others; in
aphasic disturbances, described by Pick ** and others; in
disturbances of the auditory sense; and in hemiplegic
phenomena,* alexia,** and so forth.

This lack of self-perception of a disturbance has been looked
upon as a peculiarity resulting from a definite kind of damage
to the cortex, and an attempt has been made to explain it,
either in terms of localization, or through the assumption of
faculty disturbances, such as those of attention, perception, or
memory., None of these explanations has proved adequate.
Redlich and Bonvicini have already pointed out that we are
dealing, in such cases, with general mental disturbances which
have nothing to do with abnormalities of memory, imagery, or
the like; and Anton had emphasized the great similarity be-
tween the behavior of these patients and that of certain hys-
terics.*? According to my observations, this resulting ineffec-
tiveness of disturbance is also to be found in cases without
any injury of the brain or mental disturbances per se, so for
example, where total blindness is produced exclusively by gross
damage of the peripheral optic nerve. The study of such cases,
and also of a great many variously localized brain injuries, has
shown me that the phenomenon which we are discussing is cer-
tainly not confined to any specific type or place of lesiorr in
the brain; and we cannot speak simply of psychotic reactions,
even in the sense of hysteria. Rather, we are facing apparently
quite normal biological reactions to a very grave defect.

MODIFICATION OF PRESERVED PERFORMANCES AND OF
MILIEU IN A DEFECT. Disturbances, of course, can be ren-
dered ineffective only if such demands which would pro-
voke their coming to the fore are not made upon the
organism—in other words, if the patient’s milieu is modi-
fied in an adequate way. This modification is partially
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brought about by the activity of the persons dealing with
the defective organism. In experiments with animals, for
instance, the experimenter tries to keep his operated ani-
mals alive, and arranges the environment in such a way as
to prevent any detrimental situation. Similarly, the physi-
cian plays a protective rdle toward the patient. But the
organism itself aids in the attainment of a new milieu
adequate to his altered condition. In the interest of general
biology, it is of course desirable to study this process more
closely. The animal seeks situations in which it is not
exposed to dangers which may arise, due to its disabilities.
For instance, sympathectomized animals show a clear aver-
sion to cold air and draft in the winter time; they prefer
to stay near a radiator. (Cannon **)

CORTICAL LESIONS. AVOIDANCE OF CATASTROPHIC SITU-
ATIONS. In man, this modification of milieu manifests
itself in very definite changes of behavior. First of all,
we find that the patients avoid, as far as possible, all
situations which would occasion catastrophic reactions, Of
course, this avoidance by no means implies that the pa-
tient has consciously recognized the situation and its
danger. The nature of his defect usually makes this im-
possible for him, and actually he remains quite passive
in the matter. When an objectively endangering stimulus
is on its way, a catastrophic reaction sets in immediately,
precluding any adequate response to the situation. The
patient then appears completely aloof from the world.
It is not so much that the endangering situation has been
actively avoided, as that the patient has been passively
protected from it. If, however, the patient has had fre-
quent opportunities to observe that certain situations
entail catastrophic reactions, and if he can learn to
recognize these situations through certain “criteria” which
are within his mental grasp, then he can also actively
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avoid the situation. We find continually that patients
obstinately refuse to do certain apparently harmless
things, and we can immediately understand their refusal,
if we keep this fact in mind.

SUBSTITUTE PERFORMANCES. TENDENCY TO HOLD TO
THE PRESERVED PERFORMANCE LEVEL. The “avoidance” of
dangerous situations is brought about especially by the
patient’s tendency to maintain a situation with which he
can cope. When we try to force him into a situation
which he has identified as catastrophic, he deliberately
seeks to escape through some other performance—a “sub-
stitute performance.” Patients often develop great inge-
nuity in this respect. The content of this substitute per-
formance may seem quite meaningless, may even be
rather irrelevant, or indeed, disagreeable to the patient;
but he will be less disturbed by it than if he were com-
pelled to meet the demands of the situation with which
he is actually confronted. The significance of these sub-
stitute performances rests not so much in their contents,
as in the fact that this mode of response lies within the
capacities of the patient, and that, as it takes place,
nothing can happen which might lead to catastrophe.
At a certain stage of disintegration, these substitute ac-
tions are the last resource, the only means by which exis-
tence can be maintained. In this sense, they are mean-
ingful; they enable the organism to come to terms with
the environment, at least in some way.

TENDENCY TO UNDISTURBED STATE. The aforementioned
significance of the fact that the patient has a tendency
to perform what he is capable of, makes intelligible why
he is practically never idle. So long as patients are
neither asleep nor at rest, they are always occupied with
something. If a certain action is demanded of them, they
must first be aroused—often with difficulty—from some
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other engrossing activities. The performances which the
patient can carry out, and to which he always tends to
cling, have the character of stereotypy and exhibit little
variation. This gives the impression that the patients
have a pronounced disposition to maintain the most uni-
form and undisturbed condition. But this is not a genuine
restful state of a leisurely, contemplative person, Indeed
this state is susceptible to disturbance by accidental,
extraneous events with which the person may not be fit
to cope. Careful observation reveals that this uniformity
is “rest” only in appearance, and that the patient is, in
fact, never idle. By always “doing something” which he
is capable of, the patient keeps himself so occupied, so
engrossed, so secluded from the outside world, that he
remains unaffected by many events of his environment.
But anything of significance to him, in the respective
situation, is quite well noticed, perceived, and retained.
This escape from the environment into a condition which
protects him from situations which are dangerous to
him, has its analogy in the so-called death feint of ani-
mals. Just as this attitude in animals is not to be under-
stood as the result of a volitional act, but as a biological
phenomenon occasioned primarily by shock and anxiety,
so also is the behavior of the patient to be understood.
TENDENCY TO ORDERLINESS. A characteristic means, by
which patients with brain injuries avoid catastrophic situ-
ations, is a tendency towards orderliness. Such individuals
may become veritable fanatics in this respect. The brain-
injured patients, whom I had under my observation for
many years, kept their closets in model-condition. Every-
thing had its definite place, and was so arranged that the
patient could find it and take it out as easily as possible.
Everything, in other words, was “in order,” from the
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patient’s point of view. When, on a table in front of such
a patient, we place various objects in a haphazard ar-
rangement we observe that if he notices them at all he
will put them in order, setting side by side those things
which seem to him to belong together.

Suppose a patient has just finished writing on a piece of
paper. The examination is over. I take the pencil and place it
carelessly on the sheet of paper which happens to lie obliquely
upon the table. As he gets up, the patient removes the pencil,
puts the paper in line with the edge of the table, and then sets
the pencil down, as parallel as possible, to the border of the
paper. If, without comment, I again set the pencil obliquely
on the paper, the patient, provided he has been watching, may
once more place it in the same way as before. This game can
be repeated several times, until he is either distracted by some-
thing else, or is told explicitly that I want it this and this way.
In this case, the patient resigns himself to the situation, though
usually with an expression of marked discomfort.

“Disorder” is unbearable for him. What does disorder,
in this sense, mean? Objective disorder is really just as
non-existing as objective order. Disorder means an ar-
rangement which forces upon one, not simply a single,
definite criterion such as “availability of objects,” but
several or many. Complete disorder, as far as this is at
all possible, would not force anything upon the individual,
but would leave him completely free choice.

There are, of course, several possible arrangements of
the same objects, depending on the attitude with which
one approaches the things. For example, the appeal of
an order to the active attitude will differ from its appeal
to the contemplative attitude. Even in action, there is a
difference in the preference of a certain order. It depends
upon whether a simple, habitual activity flows out of
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the situation, or whether a choice between certain ends
is necessitated or the creation of new meaningful ar-
rangements is required.

The more manifold the tasks are which a person can
perform, the more his arrangements will appear disorderly
to another person who is only capable of fulfilling a few
tasks, be it that he can only apprehend either single ob-
jects or certain objects in a definite context. For such per-
sons, the position of objects next to each other, or objects
together in small heaps, will represent the best order,
the “real” order, and everything else will stand for dis-
order. All patients with brain injury have a tendency
towards such “primitive” order. Only by this arrange-
ment are they able to execute, with the least expenditure
of energy, performances essential to them, Only in this
way can they react adequately. Other arrangements agi-
tate and upset them, by demanding behavior which they
can execute, if at all, only with great expenditure of
energy, and which, therefore, tend to bring about a
catastrophic situation.

The principal demands which “disorder” makes upon
them are: choice of alternatives, change of attitude, and
rapid transition from one behavior to another. But this
is exactly what is difficult or impossible for them to do.
If they are confronted with tasks which make this
demand, catastrophic reactions, catastrophic shocks, and
anxiety inevitably ensue. To avoid this anxiety the pa-
tient clings tenaciously to the order which is adequate
for him, but which appears abnormally primitive, rigid
and compulsive to normal people. In other words, the
“sense of order” in the patient is an expression of his
defect, an expression of his impoverishment regarding an
essentially human trait: the capacity for adequate shift-
ing of attitude.**
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ANXIETY AND AVOIDANCE OF ‘EMPTINESS.” The dread
of catastrophic reactions must also be thought of as a
reason for another phenomenon frequently observed in
patients with brain lesions: the tendency to avoid “empti-
ness.”

It is a common experience to find that patients with aphasia,
if asked to write anything on a piece of paper lying in front
of them, usually start directly at the top edge and crowd their
writing as close as possible, line upon line. Only with the great-
est effort, if at all, can they be induced to leave a larger inter-
linear space, or even to write in the center of a blank sheet of
paper. They show analogous behavior in other performances.
Attempts to interfere with this procedure disquiet them, and
it becomes quite apparent how disagreeable such pressure is to
them. One might be tempted to say that the patient is suffering
from a phobia of empty space, but this view is derived from
the world of the normal, and does not do justice to that which
takes place in the patient’s mind. This kind of patient is not
at all capable of having an idea or subjective experience of
emptiness, for to do so would require an abstract attitude
which they do not possess. It is characteristic of the change in
these patients, that they can experience contents, and objects,
only if they are confronted with something concrete, something
tangible, something which they can kandle. In view of this
condition, certainly no such object as empty space exists for
them. On the other hand, there is no doubt about the anxiety,
restlessness, the inner resistance they experience wherever the
situation objectively demands experience of emptiness. The
dread probably arises from the fact that empty space does not
become an adequate stimulus, and therefore leads to an inade-
quate catastrophic reaction. It is the dread of such reactions
which makes the patients cling tenaciously to something “filled,”
to an object to which he can react, or with which he can estab-
lish contact through activity. In the same way as we ex-
plained the avoidance of catastrophic situations in general—
that is by inference from certain situational criteria—we can
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explain why the patient avoids situations of empty space,
even though for him, the latter has no real existence. Often it
only seems as if the patient were avoiding emptiness, when
actually he is clinging tenaciously to its concrete contents,
knowing that as soon as he gives up this point of reference he
will become helpless, ineffective, disturbed, and driven to cata-
strophic reaction. Immediately upon deprivation of such points
of reference, the patient fails completely, or desperately seeks
devices to help him cleave to the concrete. These points of
reference may easily escape the notice of a perfunctory ob-
server, but they are extremely characteristic of the behavior of
such patients. For instance, one of our patients can write only
if he is first allowed to draw a line parallel to the upper margin
of the paper. Whether or not he is successful in writing prob-
ably depends upon whether he can keep an eye on the upper
margin, and hold fast to it, so to speak. Another patient can
read only if an individual letter presented to him stands on a
line; otherwise he fails. Or he will try to draw a line under
the letter; having done that, he reads promptly.

RELATIVE MAINTENANCE OF ORDERED BEHAVIOR BY
SHRINKAGE OF MILIEU ACCORDING TO DEFECT. These al-
terations of “preserved performances” imply an extraor-
dinary limitation of the environment in which the patient
naturally lives. This statement involves a fact which we
are later (see page 445) to recognize as a particularly
important law of behavior having general validity: a
defective organism achieves ordered behavior only by a
shrinkage of its environment in proportion to the defect.

These modifications in the behavior patterns of a per-
son with a brain injury should be borne in mind in our
observations of injured animals. It is to be expected that
such subtle changes in animal behavior will often be
overlooked, since they have escaped notice even in human
behavior. Exactitude is all the more imperative since
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analogous modifications may impair the animal’s capac-
ities.

TENDENCY TO OPTIMAL PERFORMANCE. HEMIANOPSIA
AND FORMATION OF COMPLETE VISUAL FIELD. THE ADJUST-
MENTAL sHIFTS. Observation of patients with brain injury
also teaches us that there is a tendency for the injured
organism to maintain a performance capacity on the
highest possible level, compared to its former capacity.
When one performance field is disturbed, the most im-
portant performances of that field survive the longest,
and tend to be most readily restored. A particularly
instructive example of this fact is furnished by the vision
of hemianoptic patients.*®**® If we examine a patient
with total destruction of the calcarine cortex of one hemi-
sphere (the central termination of the optic tract), we
find that he suffers from hemianopsia, i.e. total blindness
of corresponding halves of the visual field of both eyes.
Even though this condition appears consistently, under
examination with a perimeter, the behavior of these pa-
tients in everyday life fails to indicate that they see
nothing in one half—let us say, the right half—of the
visual field. At all events, they recognize objects within
an area, where stimulation, during perimetrical examina-
tion, is ineffective. Subjectively, they are aware of a
somewhat impaired vision, but it is by no means true
that they see only one half of the object, or even that
they see them less distinctly on one side.

Precise exploration shows that the patients are not
limited to half a field of vision, but that their field of
vision is arranged around a center like in normals, and
that, likewise, the region of their clearest vision lies ap-
proximately at this center. As we shall demonstrate later,
a visual field of such formation is requisite for the most
important visual functions, especially for the perception

O-s
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of objects. That the organism manages to preserve this
most important performance, in spite of the defect, is
particularly characteristic of the way in which the organ-
ism functions in general. Therefore, we should discuss,
in greater detail, these conditions which have been very
carefully studied.

Apparently the patient perceives stimuli originating in that
part of the outer world corresponding to the blind half of his
retina. That this part of the retina has not become sensitive to
stimulation can be demonstrated by use of the perimeter.
Therefore, we can only conclude that these stimuli have been
registered with the other part, i.e. the intact half of the retina.
Careful investigation actually shows this to be the case. If we
present the patient with a series of figures next to each other
on a blackboard, and ask him to state which he sees most dis-
tinctly, he does not designate, like a normal person, that figure
which would register on an area corresponding to the macula,
but one which lies a little further to the side. Apparently, that
point in the outer world seems clearest to him which is reflected
not on the border of the intact retina, where the old macula
now lies, but on an area witkin the intact retina. The latter
could happen only if the eyes shifted their position from the
normal. Suck a displacement can actually be observed. To
possess a visual field which is arranged around a center is of
extraordinary importance for vision. An object is clearly seen
only if it lies in the center of the visual field which surrounds
this object. Normally, when we look at a series of objects in
sequence, with the intention of seeing each one clearly, we
move our eyes in such a way that the objects in question are
always focused on the macula, in which position they always
occupy the center of the visual field.

This state of affairs is attained by the displacement of the
eyes. Thus, the patient regains clear vision despite the defect
of his visual apparatus. That this transformation is an expres-
sion of a tendency toward maintaining optimal performance is
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clearly shown by the fact that it occurs only when the calcarine
cortex is completely destroyed—in other words, when this side
of the calcarina is really unable to convey impressions which
can be used in the perception of objects.

FURTHER ILLUSTRATIONS OF THE TENDENCY TO OPTI-
MAL PERFORMANCE: HEMIAMBLYOPIA; ADAPTATION TO A
DEFECT WITHOUT SHIFT. In hemiamblyopia, where the
damaged calcarina is still capable of performing this
function, even though to a reduced extent, where, in
other words, a characteristically formed visual field still
arises in the usual way, the transformation does not
occur. Even though one half of the objects produce a
fainter impression, this apparently does not disturb per-
ception essentially—not to such an extent that the hemi-
anopic displacement is demanded. As long as that is not
the case, this transformation will not occur, because such
transformation in itself entails disturbances of the tofal
behavior. The eye displacement, required in hemianopsia,
must limit the extent of the visually prehensible, outer
world. This can involve not only mere quantitative limi-
tations, but also deficiencies of a qualitative nature: for
instance, when a complete recognition of an object re-
quires that the perception also include those aspects of
the object which lie more off to the side. In addition to
this limitation of the visual sphere, by the displacement
of the eye, there are still some further restrictions of the
total behavior of the patient. The organism bears all
these impediments, if a good vision is otherwise impos-
sible; but it “avoids” them, if adequate vision can still
be maintained in some measure without eye shifting—as
in hemiamblyopia. What is germane is not the best pos-
sible performance in one field, but the best possible per-
formance of the organism as a whole. Therefore, trans-
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formation or modification in one field will always be
oriented about the functioning of the total organism. This
transformation takes place according to the degree of
disturbance which the adjustment necessitates within the
total behavior, and according to the amount of impair-
ment in the particular field.

Accurate analysis of the behavior of a hemianopic
subject, therefore, supports the view that the functioning
of the organism is dominated by the principle of optimal
performance. In any case, the facts are most satisfactorily
explained on the basis of this theory. What we have de-
scribed here is not a special peculiarity of the hemianopic,
but a characteristic fact which has analogies everywhere.

MONOCULAR DIPLOPIA. ADAPTATION TO A DEFECT IN
ORDER TO PRESERVE OPTIMAL PERFORMANCE. Let us dem-
onstrate this conclusion by one more of many available
examples. Some patients suffer a reduction of visual effi-
ciency in certain areas of the retina. If a good visual
performance is required, it can take place, but only by a
duplication of the object seen.*” It could be demonstrated
regularly that when the visual function is impaired effec-
tive vision is concomitant with pronounced diplopia.*
Objective improvement in the functioning of the visual
apparatus, on the other hand, carries with it a concom-
itant reduction of double vision.

Numerous experimental investigations have suggested to me
the following explanation: if it is essential that a good visual
response be made to a stimulus affecting one area in the retina,
and if damage to the substrata has made this impossible, there
will occur an abnormal spreading of the excitation into another
area which has a better performance capacity. For instance,
the excitation spreads into a field closer to the macula, which
normally functions more efficiently than the peripheral zones.

* j.e., monocular diplopia
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By this process, the object is seen better, but appears to be
displaced towards the macula. At the same time, a second
image appears, which is correctly localized, i.e. its localization
corresponds to the position of the object; and inasmuch as it
depends upon the original excitation, does not completely dis-
appear. This second image is weaker than the displaced niain
image, in accordance with the less adequate functioning of the
area which determines it. Here again, we note the tendency of
the organism to attain an optimal visual performance. Since the
spread of the excitation, which makes satisfactory visual per-
formance possible, necessarily involves the appearance of a
double image, the organism apparently reconciles itself to the
fact of being less disturbed by diplopia than by a more defi-
cient vision.

MODIFICATION AND PRESERVATION OF PERFORMANCES.
THE RULES OF ADJUSTMENTAL SHIFT IN DEFECTS. We
shall later have occasion to point out corresponding ex-
amples in other fields. Surveying all the facts in question
we are led to a statement of the following general rules:

1. In case of impairment of a performance field, those
performances tend to survive which are most important
or necessary with regard to the functioning of the whole
organism.

2. As long as it is possible that the needs of the total
organism, with reference to a special performance field,
can be fulfilled in the usual way, so long will the premor-
bid modus operandi be maintained. 1f this is impossible,
an adjustmental shift occurs, conforming in principle to
the first rule.

3. The organism tolerates all those disturbances in
other fields which must necessarily result from the ad-
justmental shift in any one field. Here again the principle
is valid, that the whole organism is less handicapped by
these disturbances than it would be by the original im-
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pairment in the field which is now modified in its function.

4. Finally, we must call attention to a particularly
important factor. The shift occurs suddenly. It is not a
result of training, and it happens without the knowledge
of the patient.

This last fact confronts us again very clearly in in-
stances of lesion of the calcarine area. It is impossible
to determine, with certainty, at what moment the above
modification occurs in these cases. We have no definite
information as to how, in the initial state of disturbance,
the patient really sees things. But from all indications, the
modification is to be found at the time the patient is
again using his visual apparatus effectively. In any event,
it is not the result of training, as the fact of its occur-
rence without the knowledge of the patient proves. As
Fuchs ** has shown, the patient may, in a special test situ-
ation, intentionally look past one side of the object (i.e.
the mentioned eye dislocation) because he experiences
subjectively that he now sees better—without knowing
the reason why. We must leave open the question of
whether or not this intentional “looking past” occurs only
in the experimental situation. In ordinary life, whenever
he “looks at an object,” the eyes assume the mentioned
displacement, without the patient being at all aware of
the fact.

If we conclude from these data the general rule that
the organism tends toward an optimal performance, we
may be met with the following objection: Is not the eye
displacement (i.e. the adjustmental shift) of the hemian-
opic patient a pathological phenomenon from which we
have no right to conclude that a normal organism is gov-
erned by the same tendency? To this we offer the answer,
that the bekavior of the hemianopic is in principle not
different from that of a normal person. To appreciate
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this fact clearly, we must observe more carefully the
change which the adjustmental shift produces. A more
detailed discussion of this matter is justified because these
statements have an important bearing on the problem of
localization.

After the adjustment, only those stimuli are available for the
visual field which are registered on one half of the retina. It
is usually accepted that, in normal conditions where the for-
mation of the visual field is determined by the functioning of
the whole retina, each part of the retina serves a specific opera-
tion in respect to visual acuity, color and space perception.
Such conditions do not apply to our case. A region of the ret-
ina, which, in relation to the center of clearest vision (the
anatomical macula), is located relatively peripherally, now
assumes the role of that center. A new region of best vision, a
new fovea, a so-called “pseudo-fovea,” has developed. But
with this alteration, the function of every point on the retina
must likewise have undergone transformation. Centrally lo-
cated areas are now hypo-functioning, or, to express it other-
wise, they now function as peripheral zones normally do.
Fuchs’ accurate investigation of visual acuity in such cases has
shown that it decreases from the new center towards both
sides—the decrease involving even the anatomical macula. It
has been shown that, in visual acuity, the new point of clearest
vision, the pseudo-fovea, may surpass the anatomical fovea by
1e, Y4 or even 14. Concomitantly, with this displacement of
the point of clearest vision towards the functionally intact
part * of the retina, the functioning of all the other retinal
points is modified, not only in visual acuity with respect to
black and white, but also to colors and spatial values. Ordi-
narily, the patient sees those objects, which are projected on
the pseudo-fovea, as lying straight ahead, just as normal people
see “straight ahead” the objects projected upon the anatomical
fovea. In a corresponding degree, all other spatial values, de-

*ije, the retinal area corresponding to the unimpaired area in the
calcarina
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termined by their position relative to the new center, must also
have changed. In short, the functional value of every point of
the retina has undergone a change involving, necessarily, every
point of the calcarine area. The change, however, does not pro-
duce a new formation which is fixed once for all. The investi-
gations of Fuchs have shown that the position of the center of
acuity, the pseudo-fovea, varies (and with it, the properties of
each part of the retina) according to the particular visual
object which confronts the patient. Comparing these findings
with those in normal people, we discover that even in the latter
case there is no constant relationship between a particular part
of the retina and a particular function, but that the contribu-
tion of any part of the retina to the total performance changes
according to the task with which the organism is confronted,
and according to the kind of adjustment which a specific situ-
ation requires. This holds, for example, for visual acuity in
any one part of the retina. The acuity in each point varies
with the functional significance of the contribution which that
point makes toward an adequate perception of the object. Ac-
cording to Gelb’s findings,*® visual acuity of any point of the
retina is determined by its participation in the configurational
process, corresponding to a definite object. It depends on the
pattern of excitation of the entire retina, and on the general
attitude of the organism toward the object. Analogous condi-
tions prevail for other performances of the retina. According
to observations made by Jaensch,*® also in normals, the
“straight ahead” experience is not invariably associated with
stimulation of the macula, even though it usually occurs under
these conditions. When attention is concentrated on an object
registered on the periphery there may be some uncertainty as
to whether the peripheral object is not regarded directly, i.e.
whether the observer does not see it straight ahead. Unques-
tionably, localization of an object as “straight ahead” is usually
determined through excitation of the macula, but even nor-
mally it is not necessarily bound to that excitation. Fuchs has
emphasized that evidently this relation is not even essential.
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The essential condition for experiencing something straight
ahead is that it appear in the center of the visual field. As ex-
periments by Jaensch show, the visual field, even in normal
people varies in accordance with the attitude of individual
toward the object. If, for any reason, an object which is reg-
istered on the periphery assumes greater importance for us,
this peripheral point becomes the center of the visual field and
gains certain properties which under other conditions would
belong to objects focused upon the fovea: such, for instance,
as the experiences of being ‘‘straight ahead,” “directly re-
garded,” “distinctness,” etc. Observations on patients with
operated strabism ®® show, among other things, that spatial
values do not depend absolutely upon the excitation of definite
retinal points. Such investigations also show that the shift of
spatial values after the operation does not occur as a result of
training, but suddenly.

Thus, the change in function of individual points in
the calcarine region, which at first seems so striking in the
hemianopic, fits completely within the frame of normal
occurrences. The coming-to-terms with visual stimuli, by
the hemianopic, is not fundamentally different from that
of normals. If, in hemianopsia, one calcarine area is still
capable of responding to external stimuli in such a way
that a complete visual field is formed, then we are merely
dealing with a specially striking instance of normal
function.

ENERGY AND PERFORMANCE. Finally, there is the ques-
tion of the dependency of performance upon the available
energy. Before presenting the facts, let us introduce the
problem with a few brief remarks about the source of
this energy. It must be remembered that external stimuli
not only initiate the process in the nervous system, but
also represent sources of energy. This is true, not only
of the stimulus which evokes the most prominent reaction,
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but for the host of manifold stimuli which are continu-
ously impinging upon the organism. Besides the external
stimuli, those which affect the nervous system from
within, play a considerable part. I should like to point out
especially that the connection between the nervous sys-
tem and the rest of the body is not to be ignored. We
must not overlook the fact that the whole organism pre-
sents one unit, in which the nervous system, if considered
by itself, is only an artificially isolated part. Inasmuch as
the nervous system #n vivo is an integral part of the or-
ganism, its sources of energy must be the same as those
which sustain the activity of the whole organism. In carry-
ing on this function, individual organs (e.g. the ductless
glands) have a specific significance. In order to appreci-
ate the range of the nervous system’s functions, we must
take into account its special relation to the general sources
of energy, such as the nutritional factor the oxygen con-
tent of the blood, etc. Only in this way can we hope to un-
derstand the characteristics of the symptomatology in a
given case. The symptom analysis suggests a few con-
clusions:

The available encrgy supply is constant, within certain
limits. If ome particular performance requires especially
great energy expenditure, some other performance suffers
thereby.

Relevant to this, I should like to point out certain facts
to which I called attention years ago while I was trying
to obtain an understanding of hallucinatory phenomena.®
At that time I remarked upon the antagonistic character
of the energy distribution between sensory and thought
performances, which manifests itself in the reduced vivid-
ness of our sensory experiences and in our inattentiveness
to them during the thought process. A similar antagonism
exists between motor and sensory phenomena, between
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verbal and non-verbal performances, and so on. In these,
and similar cases, we can assume that one performance is
weakened because the available energy is being used to
maintain activity in that mechanism upon which the other
performance depends. This becomes particularly evident
in pathological conditions. It can readily be assumed that
a brain lesion will impede the functioning. Expressed in
terms of energy, this means that special energies will
become necessary to maintain a function. This assump-
tion is founded upon the observed fact that patients fail
in those performances, which they otherwise can accom-
plish, when performances involving an injured area are
simultaneously required of them. If we ask an aphasic
patient to read aloud, he may not be able to understand
what he reads, because of the impediment of the speech
activity. The energy is exhausted in coping with this
impediment. But if he reads silently, he may be able to
read with full understanding. This dependence of per-
formance on the available energy may manifest itself in
a phenomenon which is, at first, rather surprising: fre-
quently, patients who suffer complete destruction of a
field essential to a certain performance, may on the whole
be less afflicted than those who suffer only partial destruc-
tion. A patient with hemiamblyopia (a less intensive in-
jury of one calcarine area) is, to a certain extent, actually
more disturbed in his vision than a patient with a total
destruction of this area. In terms of energy this is easily
explainable: The organism tends to function in the accus-
tomed manner, as long as an at least moderately effective
performance can be achieved in this way. This is true
in minor calcarine lesion, where the afflicted area re-
mains in use. Under these conditions, the energy distribu-
tion is the same as before. Because of this damage to
the area, poor vision results. If, on the other hand, one
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of the calcarine areas is completely destroyed the total
amount of energy at the disposal of both calcarinae flows
into the one whick is intact. The flow into the destroyed
region is, so to speak, blocked. The high energy charge
of the intact side effects a shift of the entire brain activ-
ity, so that actually a more efficient result is obtained, at
least as far as vision is concerned.

Poetzl 52 offers a particularly instructive example of the dif-
ference in shift of energy-—the difference depending on whether
a field is still functioning to some extent, or not at all. The
patient in question was suffering from complete word deafness,
subsequent to disappearance of initial disturbances. After a
certain time he began to comprehend some words to the extent
of being able to repeat them. Concomitant with improvement
of the word deafness, his “inner speech” appeared: to undergo
a deterioration which manifested itself in paraphasia during
spontaneous speech and reading, in his failure to understand
what he had read, and in a grave inability to find words.
When later, due to a new lesion, the word deafness again be-
came total, this inner speech improved. Thus, we see demon-
strated a clear antagonism between two speech performances.
As long as the word deafness was complete, the total energy
could be placed at the disposal of the apparatus of inner
speech, as was evidenced in the good performances with this
respect. But as soon as the return of function in the region of
“word deafness” demanded a particularly strong energy sup-
ply, the substratum of inner speech, now supplied with a
smaller quantity of energy, decreased in function, as the ac-
companying disturbance of inner speech indicated. Poetzl talks
of a total capacity of the activating energies which are ‘“dis-
tributed among the two spheres of the outer and the inner
world. The energies which turn outward, becoming effective in
speech comprehension, predominate over those involved in
inner speech. Therefore, if the region of word deafness is re-
stored to a certain extent, as soon as stimuli from the environ-
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ment can become effective at all, any additional helpful im-
petus from these activating energies is turned more into this
channel, thereby being withdrawn from inner speech, which on
this account is impaired.” If now, the possibility of the envi-
ronmental influence on language is again eliminated, inner
speech can be restored, because the activating energies are all
turned towards it.

This aspect of differential energy distribution must be
taken into full consideration in every symptom analysis.

The quantity of available energy depends essentially
on the total condition, not only of the brain, or of the
state of nutrition of the brain, etc., but also of the entire
body. Thus, it becomes intelligible why the patient’s per-
formance will vary in accordance with his well-being,
degree of fatigue, etc.

REFERENCE OF SYMPTOMS AND PERFORMANCES TO THE
WHOLE OF THE ORGANISM. IS THE ORGANISM A WHOLE,
AND IF SO, HOW CAN WE RECOGNIZE IT AS SUCH? Analysis
of the phenomena resulting from cortical lesion has re-
vealed to us a number of general laws governing the life
of the organism. Ever and again, the principle of the
close relationship of the individual phenomenon to the
“whole” of the organism forces itself upon us. Subsequent
considerations will show us that this relationship holds
equally well for those performances or symptoms due to
injuries to other organs of the body. We should like to
stress the fact that the relationship is not at all confined
to the phenomena resulting from the function of the
cerebral cortex.

But what do we really mean by this word “whole,” that
we were careful to place in quotation marks? As long
as we confine ourselves to a statement of general rules
regarding the part-whole-relationship, we can leave the
question of the essential nature of the whole untouched.
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But if we wish to understand an individual performance
this is no longer permissible. If we say that the prganism
tends to modify itself, in spite of the defect, in such a
way that those performances which are most important
for it are made possible, we are positing certain essen-
tial characteristics of the organism, without offering any
explanation for the way in which this knowledge has been
obtained. Thus, for example, we say that a particular
form of vision, or some similar activity, characterizes the
organism concerned. This procedure is appropriate, be-
cause only in this way can we attain knowledge of the
general rules of holistic and organismic processes. Yet
this remains insufficient. The procedure is always exposed
to a certain skepticism regarding these rules. Above all,
it is inadequate for an understanding of an individual
response, primarily because it is doubtful whether the
characteristics we have assumed are in fact ‘“genuine”
properties of the organism concerned. In fact, each single
performance which we observe introduces anew the ques-
tion of whether we are dealing with a phenomenon which
is really equivalent to an essential characteristic of the
organism.

In order to answer this question we must truly know
the organism. There can be no doubt that this knowledge
is attainable only through the scientific or anralytic,
“anatomizing” method, that only the empirical data ob-
tained thereby can be considered.* To be sure, this
analysis may take any one of several forms, It may bring
into focus the morphological and physiological organiza-
tion, or the physical and chemical composition, or the
so-called somatic and mental phenomena, and so on. Of

* Whenever the term analytic henceforth occurs we intend the signifi-
cation: anatomizing or dissecting.
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course, we cannot simply survey this manifold material
and see what sort of a picture of the organism will emerge
therefrom. We have to deal first with the more funda-
mental question of whether, and to what extent, the ma-
terigl yielded by analysis is at all suitable to provide
a picture of the organism. We are concerned with the
question of what light this material throws upon the per-
formances of the organism; whether or not it impels us
to regard the organism as a whole, and if so, how we
arrive at a conception of the “whole,” as represented in
this organism. For this purpose it is immaterial which
sort of facts we take as our point of departure. We will
connect our discussion with that material which is em-
bodied in the theory of the so-called reflexes. And this
will be done because such data seem best fitted to deal
with the methodological approach leading to an under-
standing of the organism.
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CHAPTER TWO

Tue OrcaNisM VIEWED IN THE LIGHT oF REsuLts OB-
TAINED THROUGH ATOMISTIC METHOD. THE THEORY
OF REFLEX-STRUCTURE OF THE ORGANISM

According to the view underlying the reflex theory, the
organism represents a bundle of isolable mechanisms
which are constant in structure, and which respond, in a
constant way, to events in the environment (stimuli).
These responses are usually understood as depending
upon the existence of a more or less differentiated nervous
apparatus. This is the view held, not only of the nervous
system, but also of all phenomena. For example, even
chemical processes are considered as related to the activ-
ity of very definite mechanisms. From this point of view
the influences to which the organism is exposed represent
the sum of the stimuli to which it reacts in a regular
manner. The aim of research, according to this concep-
tion, is to dissect the behavior of the organism in order
to discover those “part processes” which can be consid-
ered as governed by mechanistic laws, and as unambigu-
ous, elementary reactions to definite stimuli. To work
out these laws exactly, one exposes the organism to single
stimuli, using various means to control conditions so that
the reaction, which corresponds to that particular stim-
ulus, may occur in almost complete isolation. Ideally this
principle can only be realized by segregating from the
whole that part of the organism which is under investi-
gation. Therefore, for those who adopt this standpoint,
“analytical” experimentation has become the ideal foun-

dation of knowledge. When such a procedure cannot be
67
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used, the attempt is made to arrange conditions so that
one stimulated part of the organism is relatively isolated,
for example, one sector of the nervous system in relative
isolation from the rest. To this isolating technique, we
owe our knowledge of reflexes, of the difference between
sensory and motor activity, and of the so-called ‘“agonis-
tic” and “antagonistic” processes. To it we owe, further-
more, much information about the vegetative system,
such as the specific role played by the vagus and sympa-
thetic system, the specific effects of the ductless glands,
and other humors of the body, etc.

THE OBSERVABLE PHENOMENA DO NOT CORRESPOND
TO THE DEFINITION OF REFLEXES

INDIVIDUALLY DISPARATE MECHANISMS AS ALLEGED CON-
STITUENTS OF BEHAVIOR, Since the premise is made that
the organism consists of separate mechanisms, it matters
little, for this doctrine, whether these parts function in
isolation or not. Concerted functioning, involving recipro-
cal facilitation or inhibition of the effects of a single
apparatus, merely produces an effect which is more com-
plicated and less easily analyzed with regard to the sig-
nificance of the contribution made by a single mechanism
to the total performance. Notwithstanding this, it is as-
sumed that the responses of the special apparatus under
examination by the analytic method are identical with the
reaction of this same apparatus, even when such reactions
are occurring within the activity of the whole organism.
The life of the organism is considered to be composed
of these disparate mechanisms.

By virtue of its methodological clarity, this approach
would certainly be considered ideal, if it really made
possible an understanding of the behavior of the organ-
ism. Before we discuss the question of whether it does,
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let us scrutinize the facts more closely, especially those
upon which tke theory of reflex orgamization of the
nervous system is based. This theory represents the most
typical example of the analytic procedure outlined above.
Do the facts support the reflex-concept?

THE FACTS: NO CONSTANCY. In the strict sense, is
there any such phenomenon as reflex? Although this
may seem a strange question, it requires very serious
consideration. It is by no means as easy to establish the
existence of constant responses to specific stimuli, as the
reflex concept assumes. Unprejudiced observation of re-
flexive responses to stimuli should convince us that usu-
ally a large number of diverse reactions occur to the
same stimulus. The “patellar reflex,” for example, has
proved to be by no means invariably constant, in the
same individual. It varies, depending, among other things,
on the position of the limb, on the behavior of the rest
of the organism, and on whether or not attention is paid
to it. Changes in the mode of attention will also change
the reflex in a particular manner, as Hoffmann and
Kretschmer* have shown. A certain kind of attention
diminishes, another kind exaggerates, the response. Fur-
thermore, the response appears intensified in lesions of
the pyramidal tract. To explain all these variations, it
was necessary to go beyond the processes in the so-called
reflex arc, and assume that the course of a reflex is influ-
enced by other factors. Hence one thinks that the reflex
is normally inhibited by impulses which pass along the
pyramidal tract, and when these inhibitions cease—in
lesions of the pyramidal tract—the reflex becomes abnor-
mally strong. This shows that, even under normal condi-
tions, the reflex cannot be properly understood in terms
of the isolated mechanism alone.

Analogous facts are found in all animal and human
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reflex investigations. The unusually voluminous literature
on animal reflex investigations reveals a multitude of vari-
ations of normal reflex action, which may be briefly
illustrated here.

VARIATION OF REFLEXES ACCORDING TO RECEPTIVE
FIELDS AND KINDS OF STIMULL. In the first place, it would
be oversimplifying matters to assume that eliciting of the
reflex depends upon stimulation of one definite and con-
stant place. Therefore, reference is usually made to a
receptive “field.” But the excitability of this field is not
the same throughout all its parts. Moreover, the excita-
bility is not identical at all times, under all circumstances,
or to all stimulations.

According to Sherrington,? the limits of the field of the
scratch reflex in dogs, for example, can vary on different days.
Furthermore, even though the stimulus remains the same, dif-
ferent reactions may occur. Some of these variations may be
due to the fact that the place of stimulation has not always
been exactly the same; for example, if the outer side of the
plantar of the “spinal” monkey is tickled, we obtain a stronger
reaction in the peronei, whereas if the inner side is tickled,
there occurs a more pronounced reaction in the Tibialis
anticus.®> This can also be observed, occasionally, in human
beings with spastic disturbances. However, there are some facts
which cannot be explained in this manner. Sanders-Ezn ¢ has
described a group of cases which can only be understood by
assuming that the sensory field contains various receptors
which are related to the various reflexes. This shows that, ap-
parently, not only the place, but also the kind of stimulus
determines which reflex will appear. From many examples, es-
pecially those cited by Sherrington, we know that, often, even
apparently slight modifications of the stimulus determine
whether or not a reflex will take place, e.g. a decerebrated cat
will promptly swallow water placed in the pharynx, but it will
not swallow it, if a small amount of alcohol is added. This



THE OBSERVABLE PHENOMENA 71

small modification of the stimulus produces an entirely dif-
ferent response, in the form of “wiping movements of the
tongue.” ® The ear reflex can be elicited through fine mechani-
cal stimuli, but not through dull pressure. The “extensor
thrust,” according to Sherrington,® is elicited only by mild
pressure against the sole, or removal of such pressure, but not
by other stimulation.

VARIATIONS ACCORDING TO HARMLESS AND HARMFUL
sTIMULI. These variations might possibly be considered
merely the expression of different reflex responses to
different kinds of stimulation. Aside from these variations,
such a statement fails to explain cases where a special
selection among the stimuli, leading to the response, takes
place.

For example, the flexor reflex in the dog can be elicited
through pricking, heat, pinching, and chemical stimulation, but
not through touch and simple pressure. This means a differen-
tiation between a more “neutral” and a more “unpleasant”
character of a stimulus. Therefore, one can classify stimuli into
“harmful” and “harmless,” and assume that the effect will
vary according to the harmfulness or harmlessness. Sherring-
ton was the first to state this important fact. As a means of
explanation, he has assumed special “nociceptors,” an explana-
tion, however, which is not very satisfactory. In any event, a
hypothesis is thereby introduced which cannot be reconciled
with the view that the reflex is a simple connection between a
specific stimulus and a definite reaction. It demands a pre-
established value scale, especially in view of the further fact
that the nociform reflexes prevail on simultaneous provocation
of other reflexes. The problem becomes still more complicated
when we note that, under certain conditions, this scale can be
reversed. In man, even in the face of pain and injury, no avoid-
ance-reflex will appear, if the subject needs to obtain informa-
tion regarding the nature of the stimulus,
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VARIATION  ACCORDING TO  STIMULUS-INTENSITY.
Whether or not a reflex occurs, seems, therefore, to de-
pend partly on the “value” of the stimulus—on its func-
tional significance for the whole organism. As Baglioni’
has pointed out, there is a similar situation in the case
where two reflexes are simultaneously stimulated, but
only one is realized. The attempt to explain this phenom-
enon, as the mere effect of the greater intensity of one
stimulus, is not at all successful.

Luchsinger ® has shown that simply by touching the skin,
one can inhibit the intensive rhythmical bodily movements
which are found in the “spinal” snake. The explanation cer-
tainly does not lie in the strength of the stimulus. But if we
seek the explanation in the comparative strength of the two
reflexes, we are only saying that one reflex predominates in
its effect, and the question still remains “why?” Thus, Weiz-
saecker ? says: “In no sense is it possible to establish a gener-
ally valid rule for predicting which stimulus or which reflex
will prevail.” I would like to add that such a pronouncement
is true only when phenomena which arise from parts in iso-
lation are considered.

Particular difficulties arise wken the reversal of a response
to one and the same stimulus appears. These phenomena prob-
ably first became known through the observations made by
Uexkuell ° and Jordan !* in vertebrates. If, according to the
procedure of Uexkuell, one arm of the ophiuroid starfish is iso-
lated, so that there remains only its connection with the cen-
tral nervous ring, we obtain a bending movement of the arm
towards the stimulated side. This occurs, provided the arm is
resting horizontally so that both sides are in a state of equal
tension. But if we suspend the arm at the raw or cut end, so
that it hangs down, and thereby one side is stretched more
than the other, then we usually obtain a bending towards the
side which is stretched, irrespective of which side is stimulated.
We thus have a reversed effect. The fact that apparently slight
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variations im the stimulus intensity can lead to a reversed re-
action, is confirmed by many experiments. Sherrington and
Sowton ¢ have shown that an ipsilateral extensor reflex ap-
pears in place of the flexor reflex, if one applies weak galvanic
or slowly increasing stimuli. Beritoff ** was able to produce re-
versal through slight changes in stimulus intensity.

VARIATION ACCORDING TO POSTURAL FACTORS. THE SO-
CALLED “REFLEX REVERSAL.” Likewise, change in position
of the limb in which the reflex occurs may lead to re-
versal of movements. In the usual experiment with a
flexed leg, one obtains an extension of the crossed leg
when the sole of the other foot is stimulated. If the
crossed leg is passively extended, one obtains a flexion.
On the basis of such findings, Magnus ** spoke of a
position factor. According to his investigations, tactile
and other stimuli (e.g. changes of the position of other
limbs) also produce reversal of a reflex. We know, fur-
thermore, that poisons may reverse the reflex effect, e.g.
strychnine (Sherrington). Fatigue produces similar re-
sults: A reflex effect may revert to its opposite through
frequent repetition.*® The existence of one reflex influ-
ences the course of others in various ways, not infre-
quently by inducing its opposite. A weak flexion reflex is
inhibited by the contralateral reflex. But if it is strong,
the contralateral will facilitate it.

REFLEXES AND TOTAL CONDITION. It is, furthermore,
remarkable that reflexes can turn out very differently,
depending on whether we are dealing with “decerebrated”
or “spinal” animals, and finally that the outcome depends
on the total condition, on the “general mood,” on the
“mental set” of the animal. The latter is particularly
well known in regard to the reflex investigations in human
beings. In the Babinski phenomenon in man we have
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one of the best instances of “reflex reversal.” When the
sole is stimulated in such cases, we do not observe the
“normal” plantar flexion of the toes, but a dorsal flexion,
in particular, one of the large toe. To be sure, we find
this phenomenon only under pathological conditions—but
they are certainly not more pathological than the dissec-
tion of the spinal cord in an animal. Today, we also know
that injuries in animals (primates) lead to the same
reflex reversal, when the sole is stimulated (Fulton and
Haller). But alluding to a pathological causation is in
no way an explanation. Actually, entirely different factors
have been suggested in explanation—for example, the
loss of inhibition—and we shall have to discuss whether
this is justified.

The equivocal relationship between stimulus and response,
which we have referred to, is especially pronounced in the field
of the vegetative nervous system. Only in very special circum-
stances, under the most complete isolation of one part, do we
obtain constant responses to one specific stimulus. There are
available such a multitude of examples in this connection, that
it is almost impossible to survey them.® 17 Let us mention only
a few instances.

We know that the separation of autonomically innervated
organs from the central nervous system, i.e. from the respec-
tive ganglia, leads to a change, particularly to an increased
response to the same stimulus. When the dilator pupillae is
separated from the cervical ganglion, it responds to adrenalin
with stronger dilatation than normally. (Lewandowski.) Re-
moval of the ganglion ciliare causes changes in the form and
reaction of the pupil, on the operated side. (Anderson.) When
the vagus has been cut through an increased responsiveness of
the heart to acetylcholine results. (Ogir.) There are many
more examples, A change in the effect of the stimulus, however,
results not only when the relationskip to the central organ is
modified, but also when the relationship to any of the other
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processes in the organism is changed. Thus, the reaction is de-
termined by the condition of the reacting organ. When the
cardia is open, stimulation of the vagus causes contraction;
when closed, relaxation. (Langley.) The pregnant uterus reacts
to hypophysin in a manner opposite to that of the non-preg-
nant. (Langley and Anderson.) Stimulation of the sympathicus
increases the tonus of the stomach when the muscle is relaxed;
reduces it when it is contracted. The stimulation of the heart,
of the bladder, etc., with adrenalin, shows similar phenomena.

VARIATION ACCORDING TO HUMORAL CONDITIONS. VAGUS
AND sYMPATHICUS. These variations of the stimulus effect
are found to depend not only on the morphological con-
dition of the reacting organ, but also on the kumoral
condition. Today, we may assume that the effect of the
stimulation of the sympathicus or vagus on the reacting
organ comes about by way of humoral processes which
take place at the periphery during the excitation. This
may be regarded as a chemical transmission substance,
possibly a vagus or sympathicus substance, or as meta-
bolic products of the physiological activity of the organs
themselves, e.g. the heart.

F. R. Kraus and S. G. Zondek interpret the influence of the
sympathicus, or vagus, as due to the transmission of calium
or calcium to the cell wall membrane. Thus, we can under-
stand that humoral conditions cause changes of the response
similar to morphological ones. Even a previous exposure to the
same drug has analogous results. Stimulation with adrenalin in-
fluences the end organ, so that further stimulation with adrena-
lin may reverse the first action of the drug. After preparatory
treatment of one organ, e.g. the heart of a frog with acetyl-
cholin (which is equivalent to the parasympathetic “transmis-
sion substance’), adrenalin acts like the parasympathetic sub-
stance. (Pick and Kolm.) The parasympathetic end organ now
responds to the sympathetic substance, adrenalin. It seems
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that the stimulation of an end organ also makes it sensitive to
non-specific drugs, even to such which otherwise would have
had the opposite effect. Pick and Kolm term this a displace-
ment of the stimulus effect towards the locus of higher excita-
bility. Yet it is not a simple displacement, but rather a reversal
of the stimulus effect. At best, one could talk of a qualitative
displacement.

DRUGS AND HORMONES. In the same way, we may un-
derstand the facts in those cases of “aorta insufficiency,”
where calcium, which normally slows down the pulse,
now accelerates it. The explanation, according to Fried-
rich Kraus, is that this pathology involves increased ex-
citability of the sympathicus.

Pilocarpin is an even better example than adrenalin of the
variability of effects of the same drug under different circum-
stances. While pilocarpin is usually a vagus stimulant, it can
also act as a stimulant for the sympathicus, as Schilf, in par-
ticular, has pointed out. Ergotoxin, which usually increases
blood pressure, produces a reduction of blood pressure, if treat-
ment with sufficient quantities of the same drug has preceded;
in this case, stimulation of the sympathicus also reduces blood
pressure. Following previous treatment with nicotin, stimula-
tion of the vagus produces acceleration of the heartbeat.

The stimulation appears still more complicated, almost con-
fused, if we take into account all the other humoral factors
which influence the excitability of one or another division of
the autonomic system. There are innumerable experiments il-
lustrating this point. It is quite impossible to deal with them
here; we can only refer to the main factors which bear upon
the question. Besides the “local hormones” (Bruecke), which
seem to be effective only near their place of origin at the nerve,
we must consider the multitude of “distant hormones,” of
which adrenalin is a particularly good example. Furthermore,
we must consider the products of internal secretion of various
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glands and the humors of many, possibly all organs. Hy-
pophysin, like thyroxin, is said to sensitize the organism for
the effect of adrenalin. On the other hand, the effect of ad-
renalin can be inhibited through extracts from the liver, lungs,
kidneys, thymus, etc. Albumins produced in the body, deriva-
tives of albumin, as, for instance, the lipoids, are of the great-
est importance for excitability. According to Dresel and Stern-
heimer, the latter plays a fundamental rdle in the functioning
of the autonomic end organs. The mixture cholesterol-lecithin,
in the cell wall membrane, seems to be of great importance.
We know what significance cholesteremia has for “essential
hypertension.” It has been further shown, that the sensitizing
action of adrenalin in cholesteremia depends upon a reaction
which occurs only in a neutral or an acid medium.

This leads us, finally, to recognize the important influence
which the ionic state has on the functioning of the autonomic
and sympathetic systems. But the ionic state itself only rep-
resents one aspect amongst many which determine the reaction.
According to Friedrich Kraus and S. G. Zondek, the proper
functioning depends on the establishment of a definite equilib-
rium between the electrolyte and colloidal particles. Also, the
cell wall potential, which influences the colloidal state of the
cells, which in turn is so important for their activity, is, ac-
cording to these investigators, dependent upon a great number
of factors: on the cell membrane, the salt-electrolyte, the hor-
mones, poisons, etc., and lastly, on the vegetative nervous
system.

GENERAL INTERACTION. REFLEX AND RETRO-ACTION OF
PERIPHERY UPON NERVOUS CENTER, AND VICE VERSA.
Finally, the facts compel us to acknowledge that all the
numerous factors which have been isolated are really in-
fluencing each other. The more many-sided the investiga-
tions are, ghe more they show the manifold interrelation
of a multitude of factors influencing the life process. Of
all these factors I wish to emphasize only the influence of
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the peripheral processes on the function of the central
nervous system. By stressing this influence, we close the
circle of our discussion.

We started by a consideration of the dependency of the
peripheral processes upon the function of central apparatus,
and now we have to recognize the converse influence. We know
that this influence occurs, partly through afferent nerve action,
for example, the regulation of breathing, and partly, it takes a
physical form, as in the regulation of temperature, or it may
be of a chemical nature, playing an important rdle in circula-
tion, respiration, and metabolic processes.

We must further insist upon the relationship between vege-
tative and spino-cerebral processes, especially, the psychic
processes. As Bruecke has particularly emphasized, probably
all tissues of our body, not only the so-called viscera, are under
the influence of the vegetative system. We know this to be true
with regard to muscle tonus, muscle metabolism, and also with
regard to the sense receptors. When the vegetative system is
influenced by drugs, changes are found in the chronaxie of the
peripheral sense-organs. (Foerster, Altenburger and Xroll)
Similar conditions were revealed in changes of the water
metabolism and regulation of body temperature. (Achelis)
The spino-cerebral system is probably influenced by processes
in the vegetative system, just as they, in turn, influence the
latter. After transsection of the vagus, or the cervical sym-
pathicus, changes have been noticed in the cortical fields.
(Lapicque) Conversely, in cases of cortical lesions—as the
experiences with brain-lesions during the World War very
clearly showed—changes in blood pressure, pulse rate, trophic
activity, blood picture, innervation of the pupils, and so on,
can be observed.

Finally, recent research has disclosed an extraordinary num-
ber of facts which demonstrate a far-reaching interaction be-
tween vegetative and mental processes. It must be stressed that
such a relationship holds not only for emotional processes, but
also for sensory perception. Even the preparedness for mental
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performances in general, more and more shows its dependency
upon the autonomic nervous system. In this connection we
should mention the investigations of W. R. Hess regarding the
influence of the vegetative nervous system on waking and
sleeping.

CRITIQUE OF REFLEX CONCEPT

THE SO-CALLED INHIBITION, SHUNTING, ETC. I have
made this survey of the various factors which, along with
the external individual stimulus, determine the reaction,
because practically nowhere outside this carefully inves-
tigated field is it so evident how impossible it is to at-
tempt the isolation of a single factor, and to conmsider it
the sole determinant for the effect of a stimulus. On the
basis of this material, it really seems beyond discussion
that: Practically nowhere can a simple stimulus response
relationship, corresponding to the strict reflex concept,
be directly observed. Such a claim could be defended
only if one construes the reflex as an abstraction from
very involved facts.

If one regards the responses to a given stimulus with-
out bias, one can distinguish between two essentially
different types of reaction:

1. So-called constant reactions.

2. Reactions differing in strength, which may change
qualitatively, even to the extent of the appearance of the
opposite reaction. If we investigate in what ways the situ-
ations differ, wherein the constant and the variable re-
actions occur, we find: The constant reactions require (a)
strict isolation of the stimulated and the reacting part
from the rest of the organism, (b) provision for a suffi-
cient interval between the varieus individual reactions,
ie. an isolation regarding time (cf. our discussion on
adequate time, page 108). Variable responses occur, if

07
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such an isolation does not take place, i.e. if we observe
the reactions in the more “natural situation” of the
organism. The customary method attempts to reduce
variable to constant reactions, seeing, in the latter, the
basic ones, and regarding the former as modifications.
This tendency is understandable as a very natural desire
to deal with constant factors. The supposedly greater
simplicity of constant reactions lends itself as a starting
point for a theory, in that the variable responses can
then be understood as complexes derived from the more
simple and constant ones. However, there is no question
but that the so-called variable processes are, in reality, no
less constant, if one takes into consideration all their
causal conditions. Concerning the question of simplicity
and complexity, and whether the complex can be deduced
from the simple, we shall see, in our later discussion, that
the converse view is probably nearer the truth. But for
the time being, we want to leave this point aside.

Let us consider how the variety of reactions is explained
on the basis of the reflex concept. The “modifications”
are usually reduced to various factors, such as inhibition,
facilitation, neural switching or shunting of different
kinds, influence through peripheral factors, such as the
state of tension of the muscles, position, enforcement or
diminution through other reflexes, “central” factors, and
amongst these, particularly, psychic factors. Ever and
again, new experimental revelations have led to addi-
tional theoretical assumptions which usually were not
mutually compatible, and thus necessitated further hy-
potheses. Against this view it must be said:

1. There is no justification for calling one the normal
reflex, and the others variations of it. If one does think
this way, he does so only under the theoretical precon-
ception which claims that a phenomenon is normal when
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found in the artificial isolation of an analytic experiment.

2. From whence come the inhibition, the shuniing,
switching, etc.—what directs them? This theory does not
raise nor answer these questions, and completely over-
looks the fact that such procedure always leads to the
assumption of new factors, i.e. of new inhibitory mecha-
nisms, etc., about which nothing can be said, except that
they do inhibit, that they do shift, etc. (i.e. ad koc
hypotheses).

3. The advocates of this theory further overlook the
fact that this viewpoint is entirely negative (cf. page 175),
and leads to an endless regressus, a regressus which is
usually not obvious because the isolated phenomenon
alone is held in mind.

4. An unbiased observation of the facts shows that
the assumption of inhibitory and other factors cannot be
maintained, if for no other reason than that actually one
cannot determine which of two events is the inhibited,
and which the inkibiting ome. In reality there is always
a mutual interdependency. This is a statement of funda-
mental importance, which, up to now, has not been taken
sufficiently into consideration in the discussion of re-
flexes.'™ *®

THE REVERSIBILITY OF ALL REACTIONS; EXEMPLIFICA-
TION BY THE PHENOMENA OF TONUS. Not only does an
effect depend on the stimulus, and on the condition of the
receptor apparatus, but “reception” itself is also deter-
mined by the condition of the effector apparatus. We have
already mentioned a number of facts pertaining to this
point. The effect of the degree of muscular tension on
the distribution of the excitation, can also be described
as follows: The efficacy of the outside stimulus is, in
part, determined by the effector itself; in other words,
the effect is really caused by the effector, or rather it
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does not depend on the stimulus alone. This fact is of
paramount significance. Therefore, I should like to give
further illustrations.

Through Magnus,'* we have learned about the so-called
“neck reflexes,” which involve a fixed relationship be-
tween certain postures of the head and certain postures
of the arms and legs. This relationship is often very
marked in certain patients. If one turns the head of
such a patient towards the left one obtains, as in animal
experiments, an increase of the extensor tonus in the left
(i.e. in the homologous or “chin” arm), and an in-
crease in the flexor tonus in the right, or opposite arm.
This becomes apparent through an extension and abduc-
tion of the left arm and a flexion and adduction of the
right arm, and similarly, although less pronounced, in the
corresponding leg. I was able to show in many observa-
tions,' which have been confirmed by others, that one can
prove an influence of the posture of the extremities on the
head-posture as well as an influence of the kead-posture
on the extremities. There exists a complete reciprocity of
the influences.

To digress for a moment,* let it be said that if these facts
have not as yet received general recognition, this is partly due
to the fact that, strange as it may seem, other investigators
have failed to follow the experimental directions contained in
the publications of myself and others, which are indispensable
for eliciting the phenomena, and consequently have not ob-
tained the same results. This must be stressed, because it shows
how a theoretical bias can block the proper elaboration of facts.
Because these investigators were so convinced of the reflex
nature of the “Magnus reflexes,” and consequently of the non-
reciprocal character of the relationship, they thought that my

* This is a discussion of the pitfalls of rigid theoretical preconceptions

in stating symptoms, and an exemplification by functional phenomena of
the vegetative system.



CRITIQUE OF REFLEX CONCEPT 83

findings represented something totally different which had
nothing in common with the neck reflexes, and which conse-
quently did not need to be taken into account for their evalu-
ations. Therefore they did not even try to observe the neces-
sary precautions in the experiments. Even if they had wanted
to, however, they could not have done so, because the meaning
of the experimental directions were obscured by their theoreti-
cal bias. These directions were based on a more subtle analysis
of the phenomena themselves, and could only be understood in
this way. Disregard of my procedure prevented the fuller
understanding of the phenomena themselves, and made impos-
sible an adequate appreciation of my criticism regarding the
reflex nature of the neck reflexes. Actually we are confronted
with a defective empirical method here, as well as in the inter-
pretation of the neck reflexes. A more accurate empiricism
shows very clearly the reciprocity of the events and also dis-
closes why, under certain circumstances, phenomena equivalent
to “neck reflexes” appear, and why they were first discovered.
Observability of muscular changes depends, to a certain degree,
on their intensity. The change depends on the relationship of
the mass of the “inducing” muscle to the mass of the “induced”
muscle in which the abnormal tension, or movement, occurs. In
this respect, the relation between the strength and volume of
the neck muscles and that of the muscles of the upper extrem-
ity was particularly favorable to produce and exhibit an influ-
ence 