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PREFACE

Tars book is primarily intended for the reader who has not made
a special study of modern psychology. Its purpose is to acquaint
such a reader with the nature of the problems which this science is
considering, and to reveal the importance of these problems for
human life. “Psychology” is a word which is upon everyone’s
tongue at the present day. But there are few who use the word
who realize all that it really represents. Popular references to
“psychology” sometimes point in the right direction, but they
seldom touch any feature of mind which is fundamental or general.
They flit eccentrically over the surface of a great subject. They
graze it where its features are bizarre or of passing practical in-
terest. They do not dig through the crust of commonplaceness
hiding the astonishing details which underlie our everyday mental
processes. Consequently I have endeavored in the present volume
to outline the tasks of scientific psychology so that the lay reader
will appreciate their true nature and significance.

However, this does not necessarily mean that there is nothing
here for the reader who considers himself well versed in modern
psychology. There are many different editions of this science, and
I trust that in my version there is some small degree of novelty
and of contribution to progress. Simplification of statement is not
entirely unwelcome even to a sophisticated reader, in his leisure
hours. Moreover, it is hoped that the emphasis upon the mystery
and romance of mind may carry some message of inspiration even
to the professional psychologist, who often becomes swamped in
technical details and loses his vision of the whole. Some of my
colleagues do not seem to appreciate the mysteriousness of mind,
because they have become so used to studying it. Possibly some of
them believe that they have succeeded in dissipating all of the mys-
teries! If so they need to awake and rub their mental eyes and
take a general view once more.

vu
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On the practical side, I wish to acknowledge my indebtedness to
several persons. Firstly, to my good friend, M. Luckiesh for the
opportunity to include a book in the present series. Secondly, to
my wife for her assistance and encouragement in the preparation
of the manuscript. And finally to Mr. A. D. Fuller, Jr., one of my
students in psychology, for his helpful criticism of the method and
style of presentation.

L. T. TRoLAND

Harvarp UNIVERSITY,
Nov. 1, 1925
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THE MYSTERY OF MIND

CHAPTER I

PSYCHOLOGY AND HUMAN PROGRESS

Tue popular conception of the province of psychology is largely
erroneous. People say that psychology is an interesting subject,
but the problems upon which professional psychologists spend most
of their time, interest practically no one else. To the “man in the
street,” psychology stands for hypnotism, spirit phenomena, and
how to make a sale. He does not realize that psychology deals
with all of the most essential principles of his own nature and also
with the “street” and the whole world in so far as he is directly
cognizant of these things. The present book attempts to outline
the problem of Psychology in such a way as to reveal the tremen-
dous scope of its field. Psychology is a unique science in that it
has an application to practically every human problem. Whether
we are thinking, feeling, seeing or acting, psychology finds facts
to study and baffling problems to solve. The mystery of mind
looms up at every point in human life.

There are relatively few “men in the street” who appreciate
this ubiquity of the mystery of mind. This is because mind does
not naturally like to think about itself; or at any rate to do so
consciously. It takes the nearly abnormal mind of a born philoso-
pher to think about mind spontaneously. However, when once
these subjective lines of thought have been started they can be
transferred to other individuals through instruction. A book or a
college course in Psychology is intended to provide such instruction
and thus to turn the attention of thought to realities which sur-
round it on all sides and from which it never can escape — al-
though it may continually fail to notice them. A change from the
naive attitude towards life to that which is inculcated by modern

I



2 THE MYSTERY OF MIND

psychology should have an effect upon the normal mind somewhat
similar to that which goes with conversion to religion. Reality
appears in an entirely new intellectual light.

Psychic Phenomena

To those who have not as yet received this enlightenment, there
is no mystery of mind apart from rarity or strangeness. Coinci-
dences of thought, such as are often explained by the idea of telep-
athy, are mysterious for this reason. When an idea occurs to us
from no apparent outside source and it turns out to be true we feel
that here is something which requires special explanation. If we
read of the event in a telegram or see it happen before our eyes,
we do not regard our knowledge as mysterious. Yet the processes
of sensation, perception and recognition of meaning which are in-
volved in these commonplace experiences are still baffling the psy-
chologist and will continue to do so for many years to come.

Notwithstanding these considerations, the reader may be dis-
appointed to find that the present book has little or nothing to say
concerning the mysteries which are being investigated by modern
psychical research. There are several reasons for our neglect of
these problems. In the first place, it is not clear that all of these
phenomena are distinctively mental. The tipping of tables, rapping
sounds, floating lights, the extrusion of “ectoplasm,” etc. have the
same relations to mind that are exhibited by normal events in the
external world. The mystery is physical rather than mental. The
events which have been seen or heard in the presence of certain
mediums are regarded as mysterious because they apparently lack
the customary physical causes of such events. It cannot be in-
ferred from this fact alone that the causes are “mental” or
“psychical.”

However, if investigation shows conclusively that appropriate phys-
ical causes actually are absent, we may then reasonably inquire
whether the true causes are not psychological in nature. The psy-
chologist knows that floating lights can be seen without anything
being physically present before the eves of the observer. In this
case they are said to be products of #magination or hallucination.
However, if this is the correct explanation the mystery seems to be
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swept away, for hallucination is a well-known process. But it is not
a well undersiood process, and for the general psychologist the real
mystery is as to how hallucinations of any kind are possible. The
mystery of the “psychic appearances” is swallowed up in that of
appearances in general. Thus, although such phenomena enter
the domain of psychology they do not stand out as of salient in-
terest, unless one has a personal reason for studying them.

A second reason for failing to lay emphasis upon these phenomena
lies in the doubt which attaches to their authenticity in the ma-
jority of instances. The witnesses may be honest and reliable, but
the circumstances under which the observations are made are ordi-
narily such as to favor illusion and delusion. The appearances
are sporadic and unreliable. They inspire confidence only in the
minds of those who are predisposed to believe in them. We cannot
rule them out from the list of topics which must be considered by
science, but we are forced to place them nearly at the bottom of
the list. The modern psychologist tends to regard alleged psychical
phenomena much as the modern physicist looks upon perpetual mo-
tion machines. He and his scientific predecessors have been hearing
about them since the dawn of rational thought; but thus far they
have never seen one clearly and honestly demonstrated. However,
either the psychologist or the physicist may conceivably be forced
by facts to alter their views in the future.

A third reason why we have neglected so-called psychical mys-
teries in this book is that it has been our main purpose to present
a mystery which is nof popularly appreciated. Mind is the com-
monest of all things and hence seems to be the least mysterious.
An appreciation of the real nature of mind is not so common. Even
less common is a recognition of its strange relationship to the phys-
ical world. The “mystery of mind” lies essentially in this re-
lationship, the general nature of which we shall endeavor to make
clear. The mystery of mind which thus appears also creates a
mystery of matter. When we see how things stand between the facts
of psychology and those of physics, we wonder which set of facts
represents the more fundamental reality. How can they be com-
bined to form a comprehensive view of the universe. Here is a
mystery which is so broad in its relationship to the world in which
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we live that it obscures all of the detailed uncertainties which are
being studied by “psychical researchers.”

The Special Applications of Psychology

However, a very important question is raised when we ask what
will be the practical bearing of a solution of these mysteries upon
human welfare. Intellectual sentimentalists have frequently made
a slogan out of “truth for truth’s sake.” It is to be doubted, how-
ever, whether anyone seeks truth solely for its own sake. Facts
must be capable of influencing human happiness before they can be
important. They can do this in the simplest possible manner when
they merely satisfy curiosity. This reveals one of the motives of the
scientific purist, and happiness derived from the satisfaction of
curiosity is as good as any other kind, depending only upon its
intensity and duration. We may apply the principles of science in
producing a newspaper, and accomplish little else than the satis-
faction of curiosity. Scientific men also labor to make their names
great and to disprove the doctrines of people whom they despise;
but the curiosity motive is usually regarded as a more noble one
than these.

If we disregard such personal appeals, we may still seek truth in
general because we are certain that all knowledge will eventually
prove useful. Knowledge tells us what kind of a universe we are in,
and there is presumably no portion of this universe which has no
influence upon our lives. At any rate, there are no general laws
or general features of reality which are lacking in such a bearing.
Even if we admit that some forms of knowledge may eventually
turn out to be useless, we cannot predict this in advance. We are
not sufficiently wise to state that any specified line of research
cannot possibly have a practical outcome. Over and over again in
the history of science, points which have seemed wholly theoretical
and abstract in one stage of progress have risen to tremendous
practical importance in a succeeding stage. This is true, for example,
of the science of electricity, which underlies the stability of our en-
tire modern civilization.

But when we turn specifically to the problems of psychology, we
do not need to utilize our general faith in the applicability of all
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kinds of knowledge. We can see definitely why their solution must
prove of practical importance for humanity. We can see this in
small, particular matters, and also in generalities. Among small
matters, consider the importance of a knowledge of any sense organ
and its relationship to consciousness. Our understanding of the eye
and of the processes of vision can never be too great. It is always
practically desirable to be able to see better, to conserve eye-sight,
and to increase the variety of our visual experiences. The same
considerations obviously apply to hearing or to any other sense.
Until we know all phases of these sensory activities we shall be
lacking some of the essentials to a most perfect control of them.

Another “small,” practical domain of psychology lies in its bear-
ing upon education, or the making of intelligent men. Methods of
education have been built up largely without scientific guidance, on
the basis of trial and error, the individual doctrines of some out-
standing educator, or the whims of school boards and college
faculties. Psychology is now trying to help; but not with too great
success because of its own lack of knowledge. The more we know
concerning memory, habit formation, encouragement and dis-
couragement, the more efficiently we shall be able to educate the
child and also the adult. Education is an affair of mind in relation
to the world about it.

Business and the professions can also be helped by psychology.
They need improved ways of testing and measuring men, so that
individuals can be fitted into the economic scheme with the least
possible lost effort and unhappiness. Many systems of “mental
tests” have been devised for this purpose. The principles of scien-
tific psychology have been applied in the production of these tests
so far as possible. However, for the most part they are the product
of general imagination and empirical trial. Advance in our knowl-
edge of the nature of intelligence and of divers special abilities
should enable the psychologist to develop tests which will provide
a much more effective selection of men for particular positions in the
business and social world.

The understanding and treatment of mental disease is another
special field in which the progress of psychological knowledge has a
very practical bearing upon human welfare. We have already ad-
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vanced a long way beyond the once prevalent view that these dis-
orders of thought and behavior are due to “possession by evil
spirits”” which only need to be exorcised by maltreatment of the un-
fortunate individual. However, there is still a vast amount to be
learned. Specialists in mental disease are divided between various
conflicting camps. Some overemphasize the conscious and sub-
conscious factors which are involved while others seem to lay undue
stress upon purely physiological considerations. True scientific
progress will reconcile these different views and lead to a wiser and
more successful handling of the insane or mentally deranged.

A closely related and more general field of usefulness for psychol-
ogy lies in mental hygiene for the average individual. We all have
some traces of abnormality in our psychological make-up. De-
lusions and conflicts, over or under emotionality, incapacity for
effective work, and the like, are common phenomena. Psychology
should show us how to remedy these troubles. It should provide
methods which have the same function as those of Couéism or
Christian Science, but which operate more surely and efficiently.
In order to do this, psychology must know more about the pro-
cesses which underlie human motives.

When we think along this line we are led to wonder whether an
advanced science of psychology might not be able to direct the mind
towards achievements which would be quite impossible without its
aid. Might it not lead us to intellectual processes which would now
seem superhuman? Might it not raise the general level of human
ability to a point where the common men would be geniuses and the
geniuses supergeniuses? Could it not show the path to imaginative
creations in literature, graphic arts or music excelling the best that
we now possess? We do not know the answers to these questions,
but affirmatives seem likely.

The General Application of Psychology

However, in the thought of the present writer, the practical sig-
nificance of psychological progress lies not in these “small, par-
ticular” applications, but rather in a much broader application.
Psychology is in a position — similar to that of no other science — in
which it can attack the problem of “application” in general. It
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may reach an understanding of what the word “practical” means
from start to finish, In our present-day philosophy we regard
anything as “practical” if it is a successful means to something else,
no matter what the latter may happen to be. In general, anything
which “makes money” is practical. Hence, in the last analysis
many things are considered practical means towards impractical
ends.

But what is a “practical end” or purpose? This is a question
which psychology may be able to answer. It may also be able to
reveal all of the practical steps which must be taken in order that
such an end should be attained. We doubtless know many of these
steps already, but we lack an acquaintance with the program of
practical life as a whole. This program can be prepared by no
other science than psychology. The reason for this is that things
are “‘practical” only in so far as they have a bearing upon the
satisfaction of human motives. Psychology is the only science which
is in a position to investigate these motives, to determine their
fundamental natures and the conditions under which they can be
most completely realized.

The practical problem which psychology thus faces is one which
has its common sense solution at all times and in every place. Men
have their motives and they pursue them. The same can be said
of any other practical problem. Since the dawn of civilization men
have built dwellings and used light. But modern science has shown
them how to build and how to illuminate more effectively and
easily. In the same way, psychology must show us how we can
work out our motives in the most efficient manner possible. It is
true that psychology cannot provide us with all of the data which
are necessary for this purpose, because the facts of physical science
are also involved. We cannot satisfy hunger without food. Never-
theless, psychology occupies a central position in this situation,
since the physical facts are only instruments to be utilized by
the mind in carrying out its inner purposes. Men build houses
to satisfy their motives for shelter, ownership, and the like. The
application of physical science to house-building is merely contrib-
utory to the gratification of these motives. It is “practical” and
“applied” only to the extent in which it actually ministers to such
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gratification. The same can be said of any other utilization of
scientific knowledge.

The reader may feel that he already knows his own motives
adequately and that the only problem which remains is as to how
to put them into effect. However, the psychologist is sufficiently
well informed to have good reason for doubting the truth of this
assumption. Some men know their own motives better than do
others, but all have something to learn. But even if we suppose
that every individual is perfectly wise in this regard, there will still
be some questions concerning motives which need to be answered.
For example, are all of the motives in question “good” ones? And
just what does it mean to say that some motives are “good” and
others “bad”? Given a complex group of interacting motives,
what line of behavior will lead to the greatest total satisfaction?
Can old motives be exchanged for new ones? And how? What
kind of motives should we “instill” in the youth? And how? Is
there any general motive which underlies particular ones, and
furnishes a basis for the resolution of conflicts or the selection be-
tween the latter? These are a few of the questions which psy-
chology must answer.

The Roots of Practicality

Here we are digging for the roots of “practicality.” What do men
want and why? Questions of this sort have hitherto been considered
more by students of ethics and of economics than by psychologists.
However it is obvious that whoever attempts to answer them is at
that time a psychologist. The ethical thinkers have had a great
deal to say about “good” and “bad,” “right” and *“wrong,”
“ought” and ‘“duty”; but these conceptions must ultimately be
rooted in the psychology of human motives or they will be lacking
in meaning. Instead of asking what is “right” and “good” the
psychologist asks what humanity fundamentally desires. The
“right” and the “good” will prove to be ways of satisfying the
basic motives of mankind.

Although the question of motives has always been one which has
fascinated the attention of popular psychologists, the professional
psychologist has fought rather shy of it until recent years. This
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may have been because too many human motives are in such ill
repute that academic thinkers did not dare to soil their hands with
them. However, if so, the advent of the Freudian psychology
changed all this. We are now at liberty to glory in the reduction
of benevolent intentions to sexual and egotistical wishes. The
present century has witnessed the development of great interest
on the part of psychologists in the role of instincts and emotions
in determining human behavior. The writings of William McDou-
gall upon this subject are representative of the modern psychol-
ogist in his most practical mood. We may look for rapid progress
towards a really scientific understanding of the forces which drive
men to action.

The Pursuit of Happiness Through Psychological Knowledge

In succeeding chapters of the present book, a general doctrine of
human motives will be outlined. Its teachings may be anticipated
in a general manner in order to illustrate the way in which psy-
chology can conceivably demonstrate the foundations of all practical
reasoning. Our doctrine admits that men have many different
motives, some of which are inborn and others acquired, but never-
theless there is a general law running through them all. This law
is that our tendency to perform any voluntary act is proportional
to the total amount of pleasure or “happiness” which we have ex-
perienced in connection with the given form of action in the past.
It may therefore be said that all of our acts are governed by a
common motive: our past happiness. The motive power of any
tendency to voluntary action lies in the sum of our past pleasures
(minus the sum of past displeasures).

However, in the intelligent control of human affairs, it appears
that future and not past happiness must be considered. Although
the past furnishes our motives, their realization for which we are
now acting lies in the future. Intelligence regulates action with
regard to happiness which is to come as well as that which is over.
How this is possible we shall endeavor to make clear at a later point
in our discussion. In general, we suppose that the conditions for
the realization of happiness are the same in the future as in the
past; but it is evidently impossible to plan successfully for the
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achievement of happiness unless we know what these conditions
really are.

This is where psychology can enter to render the greatest of all
practical services to mankind. Happiness is a property of mind.
Psychology is the only science which is concerned with the *con-
ditions” of mind: the factors which determine its nature, and the
laws into which these factors enter. What does happiness depend
upon? Psychology must provide the answer. Not that we are
totally ignorant in regard to this subject. Common sense con-
tains a great deal of true psychology, and the scientific study of
mind has already yielded important data regarding the conditions
which underlie happiness, as we shall endeavor to show in subse-
quent pages. Nevertheless, there is still a very great deal more to
be learned. Our views concerning the direct physiological basis of
feeling are as yet highly speculative. Science can at present offer
relatively little assistance to an individual who asks what he shall
do to become happy. And yet this is the only practically impor-
tant question in the whole world of human thought.

Human affairs in the present day involve a vast amount of un-
happiness which could be reduced and possibly eliminated by appro-
priate psychological knowledge. The woes of marital and of martial
activity are prominent in this respect. Our methods for obtaining
positive pleasure are also quite inefficient. Psychology should be
able to guide the author, the dramatist, and the scenario writer so
that their productions would be far more pleasing than they average
at the present time. Psychology should show the educator and
parent how to mold the characters of men in the making so that
their habits will fit them for happiness in their necessary relations
with nature and their fellow men. Psychology should reveal the
kind of social organization which is best adapted to the fundamentals
of human nature. In all of its applications, psychology will need
the assistance of other sciences, but it must be the leader because
it alone can start at the heart of the problem.

Complete Technology

In accordance with the above views, applied science or technology
is exact knowledge in the service of happiness. Knowledge which is
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otherwise employed is not really applied. It may be miésapplied,
or enter into humanly meaningless processes. The technology of the
present day is incomplete. It is incomplete because the reasoning
which it involves does not start explicitly with the greatest possible
happiness as its determining factor. It usually begins with some ma-
terial desideratum such as “ the strongest possible bridge for a certain
price.”  Complete technology would also be required to determine
scientifically whether a bridge at the specified price is in the best
interests of human happiness under the given conditions. Under
present day civilized procedure, the features of the bridge are com-
puted with refined engineering technique, while the much more
important question as to whether or not a bridge shall be built at
all is settled by a lottery of opinions in governmental assemblies.
A great many other important questions are settled by social con-
vention and law, without any explicit scientific foundations.

This present incompleteness of technology is not due simply to
human obstinacy. It is due primarily to lack of knowledge. A
balance of opinions provides the only method which is available
at present for the making of the most important human decisions.
There are no formule by which we could compute whether or not
we should have declared war upon Germany, and at what time this
act should have occurred. Nevertheless, such an act is of vastly
more importance than any of the minor incidentals of the war, or
other human activity, which are readily amenable to scientific
reasoning. The knowledge which is required in order that these
broader practical questions should be settled rationally, is psycho-
logical. If psychology can find out everything which there is to
know concerning happiness and its conditions, there is no reason why
such questions should be decided any longer by lawyers and poli-
ticians. They can then be worked out by corps of mathematicians
and computers with no chance of error or difference of opinion.
Then technology will be complete and will carry through from the
basic motive to the finest detail of application.

Psychology and Religion

However, we must bear in mind that the use of “happiness” in
this statement of the problem is merely illustrative. Psychology has
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not yet gone far enough to establish the general motive of mankind.
It has not even shown that such a motive exists at all. Conse-
quently, what we may call the prior problem of technology still
remains unsolved. Humankind at the present day is in the sad
position of possessing very little scientific knowledge of what it is
trying to do in the world. Hence there should be little wonder that
the broader aspects of human affairs are extremely muddled. Life
has many failures nor do we know how to evaluate its successes.
The broader the bearing of a human decision the vaguer and darker
its criteria become. We grope in an intellectual obscurity, and seize
upon some appealing slogan, as that the “world must be made
safe for democracy.” Psychology can change all of this if it can
finish its task of unravelling *““the mystery of mind.”

It may occur to some readers that in undertaking a solution of
these fundamental practical problems, psychology is trespassing
upon the domain of religion. It is quite clear, at any rate, that it is
dealing with the essential questions of ethics. However, who is the
real trespasser? Psychology seeks only the truth. Students of
religion and ethics purport to do no more nor less. Consequently
the psychologist, the moralist and the ecclesiast should eventually
agree upon any principles which are capable of real substantiation,
We can claim merely that such substantiation must come by the
methods of science rather than those of intuition or revelation.

Ethics has endeavored to determine the general principles of
“right” conduct. Religion has done more than this in seeking an
explanation or foundation for these principles in the nature of an
unseen world.  Psychology points a scientific way to the knowledge
of both of these things. It seeks the “ethical” truths in the funda-
mental constitution of the human mind. It may find the “re-
ligious” truths through a continuation of this research which will
lead it to a knowledge of a universe of mind which lies beyond the
world of immediate human perception. In this way it resembles
the realities of which religion teaches. The human mind is born out
of this invisible universe, and its nature and motives must be de-
termined by universal forces. The ultimate roots of ethics and of
practical behavior may thus be found in a mysterious “beyond,”
just as religion has always taught. Yet through psychology we may
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come to a positive knowledge of these things, in which some of the
guesses of the many religions may be verified and others will be
proven in error. But now we see these things confusedly through
the veil of the “mystery of mind.” Psychology can penetrate this
veil and show us the way to the greatest possible realization of
human potentialities. Let us proceed to a consideration of the
mystery and of the factors which are involved in its solution.



Cuaarrer II
WHAT IS MIND?

Everysopy dislikes a person who uses language without understand-
ing its meaning. Such a person is likely to be regarded as a pre-
tender. Nevertheless, all of us are guilty of this offense in our most
commonplace remarks when we employ the personal pronoun, “I.”
The words, “I,” “my,” and “mine,” dominate our everyday con-
versation and thought. We cluster about them all of the facts of
life: present impressions, memories of the past and hopes for the
future. For each one of us the world revolves about these personal
pronouns, as if they were a psychological center of gravity. How-
ever, in spite of this emphasis in ordinary thinking, scientific
students have had great difficulty in arriving at a satisfactory defi-
nition of such personal terms. The majority of psychologists have
tried to eliminate them from scientific discussions on the ground that
they are meaningless.

What is the Meaning of “I7?

If the reader has not delved extensively in psychological lore,
he may feel quite confident that he knows the meaning of the word,
“1.” Let such a reader pause a moment and see whether he can
frame a satisfactory definition. It is obvious that any sane person
can tell “who” he is, simply by stating his name and his position in
society. However, surely no one can believe that his own nature
or personal identity is altered by assuming a new name or by a
change in social status. Occasionally accident or disease may cause
an individual to forget “who he is,” in the sense that he becomes
unable to recall his own name or to describe his former environment.
This occurs in the condition known as aphasia, which consists in an
almost complete lapse of memory. A person suffering from aphasia
may choose a new name and enter into a new set of social relation-
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ships. In certain forms of insanity, men indentify themselves with
other personalities, which are usually those of famous individuals
such as Napoleon or Christ. Yet their fellow-men insist that their
actual identity remains unaltered, and social forces are brought to
bear upon them to correct their lack of memory.

Thus, it is fairly clear that I cannot define my own nature ade-
quately by stating that “I am John Doe of 128 Main St.” This
is a definition after the manner of “Who's who.” It is admitted
that “who is who,” that “I am myself,” and that John Doe and
I are one; but this play of words does not define the term, “I1.”
At most, such considerations merely reveal my arbitrary designation
and my temporary position in society. The question which must be
answered is not “Who am I?” but “What am I?”

Am I a Body?

The easiest way in which to reply to this latter inquiry is to say:
“I am a human being.” A human being is a physical body or
organism. The nature of such an organism can be specified in great
detail by anatomists and physiologists. It is an intricate combi-
nation of organs, such as bones, muscles, skin, digestive apparatus,
nerves, etc. Each of these organs is made up of living tissues, and
the tissues in turn are composed of “cells.”” The chemist and the
physicist can go even further and can tell us the exact constitution
of the substances out of which the various parts of the cells are
formed. Thus it is possible, even in the present state of knowledge, to
present a fairly complete description of the human organism. Now
it is evident that there are many such organisms, and hence I may
say that a certain particular one among them is “I” or “me.”

This conception of myself as a particular human organism seems
to provide me with a clear idea of my own nature, and it is a con-
ception which undoubtedly fits many of the cases in which the word,
“I is employed. The “I” which or who resides at 128 Main
Street is evidently a physical body. There may be something be-
sides the body, of course, but the latter suffices to make the notion
definite. The name of this particular body could be tattooed upon
it indelibly to provide positive identification. This name might be
“1" for purposes of reference by John Doe. For other persons, the
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name might be “he,”” or “him.” In order to make the designation
by pronouns more generally applicable, a number could be assigned
to each “I,” just as is done with the employees of certain industrial
firms, so that different human organisms would be marked: “I1,”
Hle N ete

This conception of the human individual as a physical organism is
somewhat more acceptable when the pronoun is in the second or
third persons than when it is in the first person. It is quite evident
to “me” that “you” are a physical body, and it is not evident that
you are anything else. If I inquire: “Where are you?” I am
satisfied with an answer which locates a particular human body in
space. If I ask: “Where did you go last evening?” I am content
with a description of the movements of a certain mass of living
matter. However, this identification of the individual with the body
is much less satisfactory when the pronoun is used in the first person.
Woodrow Wilson is reported to have said, as he was dying: “I am
a broken machine,” but he added: “I am ready to go.” The broken
machine could not “go,” but the real Wilson is said to have * passed
away.”

The ““ Self”

The idea that my being is restricted to my bodily existence is
usually frowned upon as a materialistic belief which is contrary to
the teachings of religion. Hence it is an idea which would be ac-
cepted by very few laymen. As a matter of fact, common modes of
expression quite frequently exclude this materialistic interpretation.
After an accident, a man might say: “I was only slightly injured,”
in which case the word, “I,” would seem to refer to the physical
body. However, the unfortunate individual would be more likely
to say: “My hand was somewhat bruised,” indicating that the
injured member is a possession rather than being a part of himself.
In a similar manner, I speak of “my body” as a whole, apparently
contrasting it with “myself,” to whom it belongs.

The distinction between the “self” and the body is made by the
most primitive of people. The notion of “self” may be regarded as
a general conception, which embraces all of the personal pronouns.
However, we must carefully avoid being deluded by the generality of
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this term. Nothing is added to our knowledge of the real nature of
personal existence by substituting a general conception for a group of
particular conceptions. We can talk glibly about the self without
possessing any proof whatsoever of its reality or any acquaintance
with its nature. Many serious students of the subject have emphati-
cally denied the existence of the self, as distinguished from the body.
However, an unprejudiced view of the facts indicates that the
materialist’s doctrine does not account for them all.

There is one serious error against which we must guard ourselves
in the very beginning. This error has been committed as frequently
by professional philosophers as by laymen. It is the error of de-
fining the self wholly in terms of its supposed relation to the body.
If there is a self which is distinct from the body, it must be supposed
to act upon the latter and be acted upon by the latter. Hence we may
be tempted to define the self as that which is thus associated with a
particular body. All that this amounts to is to say that if there is
anything immaterial affiliated with the body, we shall call it “the
self.” This is merely choosing a name. A coroner might gaze at a
corpse and state that the murderer was the person who took the
victim's life, but this would not provide any real information about
the alleged murderer, nor would the statement prove that the case
was not one of natural death or suicide. In a similar way, it re-
mains to be shown that there is any self which is separate from the
body. Is there any real reason for supposing that the living body
is not automatic? Why should we assume that it is under the con-
trol of some other agency? If there is such an agency, what is its
nature?

The Soul

Reasons for believing in an incorporeal self undeniably exist,
since such reasons constitute a large part of religious teaching
among all peoples. The reasons are somewhat different in the case
of “you” than they are in the case of “me,” whoever “you” or
“I"” may be. When I consider my fellow-men I see certain material
bodies, and T am informed by physiologists that these bodies are
composed of the same chemical elements which occur in some in-
animate objects, However, I note that a vast difference exists be-
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tween the characteristics of living and of non-living bodies. This
difference is most marked in the case of human beings but appears
also in that of lower animals and even of plants. The distinction
between the living and the dead, or non-living, is probably the most
striking of all distinctions for primitive thought.

It is natural to seek the cause of this difference in some agency
which is present in the living organisms and is absent in the non-
living. Common thought has a tendency to attribute any departure
from normal conditions to the addition or the subtraction of some-
thing from the normal. We feel insecure when we think of letting a
change or a condition stand upon its own feet. We like to think of a
particular substance as underlying each special feature of the world.
We know that it takes coal to operate a steam engine and gasoline
to propel an automobile. In a similar manner, the unscientific mind
conceives heat and cold as being separate entities which permeate
objects in varying degress. Diseases are attributed to the presence
in the body of foreign agencies. Science has confirmed this notion
in the case of many diseased conditions, by demonstrating the oc-
curence of specific “germs” in the bodily tissues. In the case of
temperature, however, a different explanation is given; one which is
more like the modern scientific conception of “life.” Primitive and
unscientific thought, on the other hand, naturally insists upon ex-
plaining vital phenomena as due to a substance called “spirit” or
“the soul.”

Primitive philosophies conceive the soul as the basis of spon-
taneity in living beings. When the soul separates itself temporarily
from the body, as in sleep, there is a temporary cessation of activity.
Death, with the complete lapse of spontaneous movement, is ex-
plained by the permanent departure of the soul. Each living or-
ganism is supposed to be endowed with its own private soul, which is
individually responsible for the behavior of that particular organism.
Even the seemingly spontaneous activities of inanimate nature, in
storm, wind and wave, are attributed to spirits, each having its own
special medium of expression. Modern religious teachings have
deviated from those of primitive thought to the extent of denying
or at least of neglecting the existence of souls in animals, although
emphasizing the Diety, as a universal spirit. The possession of a



WHAT IS MIND? 10

soul is supposed by religion to be a characteristic of all human
beings. If such teachings are to be accepted, why should we not say
that the true self is not the body but the soul?

Before we can adopt this interpretation, we must be sure that we
know the nature of the soul and have adequate evidence of its
reality. What sort of a thing is the soul supposed to be? It will
not suffice to say that the soul is simply the basis of consciousness
and activity in living beings. We must be much more concrete than
this if we are to have any really definite idea of the soul. Now,
primitive religious thinkers actually developed a very definite con-
ception of the nature of the soul. They believed that it was made
of air, and hence they called it a “spirit,” a “pneuma,” or an “an-
ima,” all of which words refer to an airy substance. This notion
of the soul as a being made of air was undoubtedly derived from
the observation that living creatures breathe, whereas the dead and
the inanimate do not exhibit this phenomenon. Thus, for primitive
philosophers, the soul was a diaphanous kind of dody, conceived in
somewhat the same way in which the modern scientist conceives a
mass of gas.

The progress of both religious and scientific thought has naturally
tended to discredit this naive notion of the soul. The phenomenon
of the breath is now explained in a purely physical or physiological
way, and physiological principles enable us to understand why
breathing ceases at death and is always absent in inanimate objects.
Modern religions have followed the idealistic tendency in philosophy
and have refused to conceive the soul in any material form, even
one so tenuous as that of air. The French philosopher, Descartes —
one of the founders of modern ideas — contrasted the soul very
sharply with matter, by denying that it is extended or can occupy
space, as matter always is or does. The essence of the soul, accord-
ing to Descartes, is to think. Yet he does not identify the soul with
thought; the soul is only that which thinks. The idea of thought,
for Descartes, includes all kinds of mental activities. This con-
ception of the soul, like most of its more modern successors, seems
to make the soul a mere abstract name of a supposed condition for
the existence of conscious life, without providing us with any in-
telligible account of its nature.
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The teachings of Christianity emphasize the moral functions of
the soul. The soul is frequently represented as endowed with a
tendency towards moral uprightness, which is opposed by the car-
nal appetites of the material body. The moral experiences of the
soul are supposed to mould its “character,” which persists after
death and continues the moral and conscious existence of the in-
dividual. Numerous philosophers as well as theologians have en-
deavored to find in these moral functions an assurance of the soul’s
reality and its permanence in the event of bodily death. However, a
scientific examination of the facts shows that, here again, the soul
is merely an abstract term which is applied to a supposed basis of
moral development, the real nature of which remains unknown.

Other conceptions of the soul are found in the teachings of spirit-
ualism and of occultism. The modern spiritualists believe that the
souls of the dead are able to manifest themselves by producing
physical effects, either directly or through the intermediation of a
living individual, or “medium.” From this point of view, the soul
is not so much the cause and explanation of normal as of “super-
normal” psychical activity. Many of the so-called *communica-
tions” received by spiritualists purport to describe the nature and
conditions of the disembodied soul. These descriptions, however,
are mainly subjective in character; they give us the impression of
a continued, more or less confused consciousness, without specifying
the form taken by the individual who is thus conscious. The
occultists, following the philosophers of India, have developed
elaborate conceptions of multiple planes of existence: the material
states of solid, liquid and gas being continued by more and more
vaporous substances in a complicated series. Although sophisti-
cated systems of this sort are impressive on account of the care
with which they have been worked out, they actually convey no in-
telligible idea of the nature of human personality apart from the
material body.

The Inadequacy of the Soul Theory.

Certain psychologists and philosophers have claimed that we are
compelled by logic to asssume the existence of the soul, even if we
can form no satisfactory conception of its nature. They have said
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that our conscious activity inherently implies an acting *‘substance,”
even if the latter can neither be perceived nor imagined. They point
out that it is very difficult to speak of any mental function without
using personal pronouns. The case is similar to that of the wther,
in which light and radio waves are supposed to be carried as undula-
tory movements; if there are to be waves there must be something
which undulates. 1If there is to be thought, say the psychological
advocates of the soul, there must be something which does the
thinking. In modern physics, however, the @ther has fared rather
poorly, since it has appeared to be merely the unintelligible subject
of the verb “to undulate.” In the very same way, modern psy-
chology has perceived that the soul is the unknown subject of the
verb “to think,” and has no other duty to perform. William James,
psychologist and philosopher, a man sympathetic with religion as
well as with science, wrote: “The soul is at all events needless for
expressing the actual subjective phenomena of consciousness as they
appear . . . Altogether, the Soul i1s an outbirth of that sort of
philosophizing whose great maxim, according to Dr. Hodgson, is:
‘Whatever you are fofally ignorant of, assert to be the explanation
of everything else.””

All in all, the notion of the soul has proven itself hopelessly in-
adequate as an attempt to elucidate the nature of the self. If the
question: “What am I?" is answered by the statement: “I am a
Soul,” the question is still open. Such an answer is merely a dig-
nified way of evading the question. If this is true, what shall we do
with the question? It is not one which we can set aside, either
lightly or with pompous pretense.

Am I a Mind?

Let us ask the psychologist. If there is any scientist who can
provide us with the solution, he should be able to do so. However,
the psychologist does not immediately make everything as clear as
day, for he says: “You are a mind.” However, we must consider
carefully the meaning of the psychologist’s answer. All of us be-
lieve that we have minds, just as we have bodies, but it is a some-
what different proposition to admit that we are minds. If I am a
mind, it is incorrect for me to speak of “my mind,” since “my
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mind” is the same as myself. Still, this may be regarded as a
legitimate figure of speech, and if we chose to agglutinate the two
words into mymind, even as we have agglutinated “my” and “self”
into “myself,” there might be no inconsistency in the use of such an
expression. Is the case for the identification of mind with self any
better than the similar case for the body and self?

Perfect consistency or truth in the use of words is not to be ex-
pected of ordinary, non-scientific discourse. However, if we ex-
amine common expressions we find more which are consistent with
the identification of the “man” with “his mind” than are thus in-
consistent. We say of a person with a deranged mind that “he is
out of his head.” In the mental state of emotion, one may be said
to be “beside himself.” When our mental processes depart from
their habitual course, we may assert that “we are not ourselves,
to-day.” On the scientific side there are a multitude of facts which
support the psychologist’s view that the mind and the self are one
and the same. All of the manifestations of the “self” depend upon
the mind and change with the latter. If there is any self apart from
the mind, it seems forced to operate constantly through a mental
medium. Why, then, should we not accept the psychologist’s dic-
tum?

What is Mind?

I am a mind, but what is mind? We rejected the claims of the
soul, because we could form no satisfactory conception of its na-
ture; and many people would find it easier to define the soul than
the mind. Our friend, the psychologist, however, should have no
such difficulty, for it is his professional duty to understand the
nature and laws of mental reality. We turn to him with confidence
that he can give a clear answer to our query.

How sad is our disappointment, when we find that psychologists do
not agree concerning the nature of mind, that many define it in
terms which are quite unintelligible to the layman, while some even
deny its existence. Psychology is the science of mind, but to-day in
America psychologists are exhausting their powers of imagination in
an endeavor to find out what psychology is “all about.” If we re-
versed the usual process of definition and said that mind is whatever
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is studied by psychology, we should find ourselves forced to con-
clude in many cases that mind is merely a special kind of bodily
activity. The so-called behaviorists among psychologists frown
upon nearly all of the customary mental categories, such as sen-
sation, imagination and thought, and insist that psychology is
concerned solely with certain functions of the organism. These be-
haviorists, moreover, are a powerful group in America. Abroad, we
find more unanimity, but still a great deal of confusion.

This disagreement among the psychologists need not prevent us,
however, from examining the merits of their individual conceptions
and selecting a view of mind which seems sensible. The notion that
mind is any part of the body or of its activity is ruled out by our
previous discussion. We have decided that we, as minds, are dis-
tinct from our respective bodies. Although it may ultimately be
proven that there is no self except the body, this is a proposition
which we are not yet ready to accept. Let us therefore consider
some of the definitions or descriptions of mind which have been
offered by various individual psychologists.

The most primitive tendency is to define mind in terms of its
duties and powers. Thus, Webster’s dictionary says: “Mind is that
which feels, perceives, wills and thinks.” Mind, according to this
conception, is the “subject of consciousness,” the agency which lies
behind so-called mental processes. It is assumed that the existence
of feeling implies a capacity to feel, that perception must rest upon
a perceptive “faculty,” and that willing and thinking are necessarily
dependent upon a “power” to will or to think. These various
powers are said to reside in the “subject,” and to constitute the
nature of mind. Probably the most striking of such mental capaci-
ties is that of memory. Tmpressions of the past, although not con-
stantly present in consciousness, are nevertheless retained so as to be
available at any instant. They are said to be retained in or by the
mind. Thus, mind becomes a sort of general explanation of all of
the phenomena of consciousness; if it were not for the existence and
activity of mind, these phenomena would be impossible.

This view of mind as the ground of consciousness harmonizes very
well with our interpretation of the self as mind. “I feel” and “I
will™ can thus be translated directly into ““the mind feels” and “the
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mind wills.” However, the view is subject to the same sort of ad-
verse criticism which we have applied to the doctrine of the soul.
Indeed, a careful examination of the view in question leads one to
suspect it of being the soul doctrine in disguise. Both the mind and
the soul play the role of bearers of conscious life. The most which
can be said in favor of a distinction between soul and mind lies in
pointing out the narrower scope of the latter conception; the soul
explains a wider range of facts. However, it would appear that
the soul theory originally covered all of the phenomena which are
concerned in our notion of mind; so that the idea of the mind as the
ground of consciousness is really a soul doctrine with restrictions,
pruned of biological and religious implications and intended for
purely psychological purposes.

This seems to be an adequate reason for rejecting the idea alto-
gether. If the soul doctrine is vacuous, any refinement of it must be
even more vacuous. What is the nature of this thing which feels,
perceives, wills and thinks? There are many psychologists and phi-
losophers who are unable to give us any satisfactory answer to this
question. They say that they cannot get along without the concep-
tion of mind but at the same time admit their inability to describe
its nature. However, there are others who conceive the mind in a
somewhat more intelligible manner; and we must consider their
views before we reject the claims of the mind to be the real self.
The opinions which we have previously expressed compel us to dis-
regard all interpretations of mind which identify it with bodily or-
gans or processes. '

The Unconscious Mind

One still current doctrine would identify the mind with a so-called
“unconscious” or “unconscious mind.” This view was advocated at
an early date by the philosopher, Von Hartmann, and has been con-
tinued by psychologists who are interested in tracing hidden human
motives. The conception has proven itself particularly useful in
the explanation of certain mental disorders, such as hysteria. The
“unconscious” is conceived to be an agency which lies quite outside
of the domain of our ordinary consciousness and yet which power-
fully influences the latter. The thoughts and impulses which often
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seem to arise spontaneously in consciousness are supposed to come
really from the unconscious realm. The unconscious is thus the
actual arbiter of all conscious activities. Many things go on in the
unconscious which have no immediate representation in the conscious
field, although eventually they will express themselves in a charac-
teristic manner. The structure and functions of the unconscious
may be very complex and, in pathological states, the unconscious
may even be divided against itself in an internecine struggle, with
resulting disorders of consciousness.

The proposal to identify the unconscious with the self harmonizes
well with our common notion of the self as the active agency which
engineers conscious life. Nevertheless, we are forced to reject the
proposal because the advocates of the unconscious fail to provide us
with any concrete account of its nature. It seems that they have
merely given a new name to the supposed reality which was pre-
viously called “soul” or “mind.” Possibly the relations between the
unconscious and the conscious are conceived somewhat differently
from the corresponding relations of “soul” or “mind,” but this does
not help us to understand the doctrine, save as a modified verbal
formula. :

An attempt may be made to rescue the conception of the uncon-
scious mind by ascribing to it some characteristic of conscious ex-
perience. This was done by the philosopher, Schopenhauer, for
example, when he identified the unconscious self with “will.” Will
seems to be a central fact of conscious life and of the “self,” and yet
to be something greater than any given concrete experience. It
seems to be a controlling agency, persisting through all experiences,
linking them together and providing the continuity which is re-
quired to make an “individual.” If we say that the substance of
the unconscious mind is “will”” we may feel that we have given the
conception a definitely intelligible form.

Unfortunately, modern psychology has not dealt kindly with the
notion of “will.” The most advanced psychologists eschew the
term altogether, while others interpret it in a manner which seems
strange to the layman. In common sense and also in traditional
philosophy, the idea of will has committed many offenses as a
dummy explanation of mental mysteries. Quite frequently, it is
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set up in renunciation of all explanation, when we account for be-
havior by acts of will and refuse to look for any underlying motives.
The modern tendency in psychology is to explain the “will” (or
volition, as a resultant of an interplay between ‘‘unconscious”
forces) rather than to interpret the unconscious in terms of will. We
shall have more to say about this in a later chapter; here we simply
note the inadequacy of “ will”” as a representation of the unconscious
self.

The Subconscious Mind

Notwithstanding continued adversity, we need not abandon all
hope of finding an intelligible conception of the mind as an agency
underlying consciousness. We have still to examine a popular alter-
native of the unconscious, namely the “swbconscious” mind. As
the term suggests, the “subconscious”™ is conceived as a true form of
consciousness, which 1s nevertheless removed from the ordinary
awareness of the individual, lying psychically “under” the normal
consciousness. The subconscious, in this sense may possess any or
all of the properties of the conscious realm, except continuity or
unity with the latter. Just as my consciousness is separated from
yours without either being wmconscious or necessarily different in
kind, so my subconscious may be cut off from my own consciousness
and still be of the same general nature as the latter. Just as your
consciousness may influence mine, so in even greater measure can
my subconscious control the events in my conscious field.

Here, at last, we have discovered a conception of mind which is
truly intelligible. Although our idea of the ‘“‘subconscious mind”
may be somewhat vague, it is nevertheless far from being a blank
word like “soul” or “will.” However, we are not yet out of the
woods. We know what we mean by the subconscious, but have we
any proof that any such a thing actually exists? Some psycholo-
gists feel very confident as to the reality of the subconscious, but
others deny it without reservation. Nearly all would admit that
the subconscious is an hypothesis rather than a fact; its existence
cannot as yet be proven, but can only be rendered probable through
its capacity to explain the actual facts. Accordingly, if we identify
the self with the subconscious we leave it as a problem whether the
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self really exists. This would be a rather unsatisfactory termination
for our search.

Mind in Consciousness

Fortunately, a promising group of possibilities still remains to be
considered. We can look for the meaning of mind directly within
our ordinary consciousness. It may seem an artificiality to have
neglected this line of thought for so long, yet in doing so we have
followed the natural course of human inquiry, as revealed either
in the history of knowledge or in the reflections of any individual,
unsophisticated investigator. Consciousness is the most real and
certain of all facts, but the last to attract attention. Indeed, it is
difficult even forcibly to direct the attention of the layman to the
realities of his own consciousness. As popularly considered, con-
sciousness is a subtle and elusive thing, sharply contrasted with the
obvious facts of the material world. How many persons who have
not made a study of psychology can give a clear definition of “con-
sciousness''? It 1s a sad commentary on psychological literature
and teaching that a good fraction of those who have studied the
science are unable to define its subject-matter. Even certain pro-
fessional psychologists find themselves at a loss to say what they
mean by consciousness, and some of them go so far as to doubt
whether such a thing exists.

Under such conditions, it seems necessary to consider for our-
selves the problem as to the meaning and nature of what is called
“consciousness.” In doing this we shall be examining one of the
most interesting questions which has yet been presented for human
inquiry. We shall be reflecting upon a topic concerning which many
thinkers entertain the greatest uncertainty, but within which lies
the basis of all certainty. We shall be shooting straight for the
mark in our quest for the nature of the self. But, more than this,
we shall be on the trail of an understanding of the whole world.



CuartreEr III
THE NATURE OF CONSCIOUSNESS

WaAT am I? We have answered: “I am a mind.” But what is
mind? Again, we have answered: “Consider the nature of com-
sciousness and you will find out.” So now we must ask: “What is
consciousness?” Many different answers have been given to this
question by philosophers in times past, and nearly as many are
being offered by various psychologists to-day. Let us consider some
of them with a view to selecting the best one.

The Constituents of Consciousness

The narrowest of all conceptions of consciousness would identify
it with what is sometimes called ‘‘self-consciousness.” Thus, the
British philosopher, John Locke, defined consciousness as “the per-
ception of what passes in a man's own mind,” while Reed, another
English thinker described it as ““that immediate knowledge which
we have of all the present operations of our own mind.” Conscious-
ness in this sense is a sort of awareness of awareness, a kind of in-
ward bashfulness, in which we perceive ourselves perceiving and feel
ourselves feeling. But what about the things which “pass in the
mind,” and what of the perception and knowledge which we have
of facts outside of the mind? Should not some of these also be in-
cluded in our idea of consciousness?

As a matter of fact, practically all modern psychologists have
given up the attempt to restrict the notion of consciousness to the
turning inward of mental operations upon themselves. This in-
ward turning is more often called “introspection,” and although
introspection is a very important activity for the psychologist, it is
primarily a method of work and is not essentially the thing which he
is working upon. What, then, are the phenomena or facts which
the psychologist primarily considers? What are some of the more
important ‘“mental operations” or things which “pass in the mind "’?

28
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René Descartes, the French philosopher who was a pioneer in so
many doctrines which now constitute part of “common sense,” as-
serted that mental activity consists essentially in “thought.” In
fact, he defined the soul or the mind as a “thinking substance,”
distinguished in this way from matter, which is characterized by its
volume or space-filling nature. Descartes began his philosophy by
becoming a universal skeptic, and even went so far as to doubt his
own existence. But he reconvinced himself on this important point
by means of his famous formula: “I think, therefore I am.” Some
students interpret this as meaning: “I think, and the thinking is
me,” but it is more likely that Descartes meant to prove the exist-
ence of an entity, the soul, which was doing the thinking.

The conception of thought as the cardinal feature of either mind
or consciousness is still a very common one. Common sense in-
herits that conception very properly from its father, Descartes.
Like him, few of us would care to deny the reality of our own
thought processes, and we agree with him that our thoughts are
distinctly different from the world of matter, to which they usually
refer. Hence they seem to be a distinguishing mark of mental life.
The modern psychologist also, agrees that thought is a form, or a part,
of consciousness, although as a rule he does not accept Descartes’ in-
ference of the soul, but insists that “the thoughts themselves are the
thinkers” (William James). If we were to accept the view that
thought is the only kind of consciousness, this would force us to a
study of the nature of thought in our attempt to understand the
constitution of the mind.

However, no modern psychologist would agree to a limitation of
the notion of consciousness to thought alone. It may seem that if
we were to stop thinking we would at the same time cease being
conscious. In the absence of thought, we certainly could not judge
ourselves to be conscious, and in this sense we should not “know”
whether we were conscious or unconscious. Nevertheless, thought
itself will readily demonstrate that consciousness ordinarily has a
broader reference. We do not doubt that lower animals are con-
scious, but it is a serious question whether or not they think. In
certain mental diseases people seem to lose all power of thought
without apparent loss of consciousness. The problem as to the exact
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nature of thought is one which we shall be compelled to consider
later on, but for the time being we must pursue our quest of the full
meaning of the term consciousness.

Another mental phenomenon which has frequently been advocated
as an essential, if not the only factor in consciousness is “feeling.”
Some philosophers have reduced mind exclusively to a bundle of
“feelings.” A sentient being without feeling seems a contradiction
in terms. However, the word “feeling” has been used in a very
general and ambiguous manner by many writers upon psychological
topics. Sometimes it refers to any simple or elementary part of
consciousness, whatever its nature. A more common and definite
usage, however, identifies feeling with pleasure and pain, or with the
pleasant or unpleasant characteristics of any experience, and more
particularly emotional states. It seems easily justifiable to include
feeling in this special sense as a part of what we call consciousness.
Feeling differs radically from thought, yet it cannot be classed as a
physical phenomenon. It may therefore be placed beside thought as
a characteristic factor of consciousness.

Concerning the nature of feeling we shall have a great deal to say
in a subsequent chapter. Nevertheless, we must recognize here that
consciousness includes numerous factors in addition to feeling and
thought. Another obvious candidate for admission is “will,” with
which we frequently associate what we call “effort.” The psychologist
includes both of these ideas under the general heading of “voli-
tion,” which consists of those conscious activities which are particu-
larly concerned in the initiation or control of our bodily movements.
People ordinarily regard “will” as a peculiar force which can be used
to oppose the tendencies of inner feeling or external coercion. The
modern psychologist has a different view of the nature of will, but
he would have no hesitation in including it as a part of consciousness,

The Internal Sensations

Besides thought, feeling, and will, we must recognize as portions
of consciousness a wide variety of phenomena which even the lay-
man commonly classifies as “sensations.” There are other related
factors which the psychologist regards as sensations, but which the
layman usually considers as aspects of the outside world. The latter
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may be called external sensations, while the former may be known
as internal sensations. Among the internal sensations may be
counted pain, in its various forms. Although pain is ordinarily
taken as an indication of some physical injury or disturbance in the
body, certainly no one regards the pain, itself, as a physical phe-
nomenon. It is, rather, a form of consciousness which arises when
these disturbances exist. The psychologist distinguishes between
pain as a sensation, and the unpleasantness (or feeling factor) which
commonly accompanies it. Pains vary in their nature or quality,
according to the locality of the body to which they are referred, as
in the skin, in a tooth, or in some visceral organ; and they also vary
— more or less independently of their nature — in the degree of their
unpleasantness.

In addition to the many different varieties of pain, we may men-
tion numerous other internal sensations, such as fatigue, nausea,
hunger, thirst, heart flutter, “the feeling of suffocation,” the charac-
teristic “feelings” which accompany a full bladder or an active
large intestine, the various phases of sexual sensation, as well as the
general “feeling of well-being.” All of these sensations are indica-
tive of some definite internal condition of the body, but in them-
selves they are not physiological but rather are psychological in
nature. Sometimes we employ such phrases as “‘the sensation of
nausea,” by which we seem to imply that the sensation and the
nausea are two separate things. If this view were accepted it would
be necessary to add a third thing, namely the actual physiological
condition of the stomach. It seems simpler and more in harmony
with the facts to limit the situation to two factors: on the one
hand the state of the stomach, which is physical, and on the other
hand, the nausea, which is a conscious state arising from the gas-
tric disturbance. A third factor may actually exist in our reflection
upon the fact of our illness, but this is a thought of nausea rather
than a sensation. The nausea, itself, is the sensation.

One very important group of internal sensations consists of those
which tell us of the positions and movements of our bodies. The
psychologist calls them kin@sthetic sensations. At first thought,
we may tend to confuse these portions of our consciousness with the
actual physical postures and motions which our bodies exhibit. A
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few simple experiments suffice, however, to demonstrate their sub-
jective character, by showing that they can be divorced from the
particular physical condition or process with which they are cus-
tomarily associated. For example, in the sensation known as dizzi-
ness we seem to be spinning or falling, when objective tests or
observations made by other persons prove that our bodies are sta-
tionary. In a similar way, we may receive impressions of mus-
cular position or movement which do not check up with the physical
facts in the case.

When we consider the properties of the internal sensations, we
find that they differ from one another in several ways. In the first
place, they differ in guality or in kind. Nausea is a different kind
of sensation from fatigue or from sex pleasure, which is another way
of saying that these three sensations possess divergent qualities.
Secondly, sensations of the same kind may vary in dnfensity. A
pain may be slight or moderate or intense, and similar statements
may be made concerning any other internal sensation. A third
characteristic lies in the localization of each sensation in a fairly
definite portion of the body. Headache is localized in the head,
hunger in the pit of the stomach, and sex sensation in the genitals.
This does not mean that we “think” or judge the sensations to be
thus distributed; rather, it is a fact of consciousness that they are, in
themselves and apart from all thought about them, thus positioned.

The External Sensations

When we have added all of the internal sensations, with their
properties, to consciousness, we have made quite an important con-
tribution and have arrived at a conception which is very concrete
and important. Thought, feeling, will, and the internal sensations
constitute consciousness, so far as we have gone. But that is not
all, for what about the exfernal sensations? If these are not por-
tions of consciousness why should they be called sensations? What
are the external sensations, anyway? Here we encounter a problem
which it is difficult to treat clearly and convincingly.

We may approach the problem by noting that the internal sensa-
tions are not all equally internal. A pain in the stomach is more
internal than a pain in the finger; and if the latter is caused by the
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prick of a needle, we may tend to assign the pain to the sharpness
of the needle. If we merely take the needle between the fingers, so
that it does not injure the skin and thus stimulate a pain nerve, we
still have a definite sensation, which is called touch. This we assign
very definitely to the needle, since it makes up the hardness and
thinness of the latter in so far as we are aware of these properties.
Nevertheless, a careful study shows that we have just as much
warrant for calling touch a sensation as for classifying pain in this
way. Under certain conditions, we may experience touch in the
absence of any physical object in contact with the skin. Touch is
always associated with the excitation of a definite portion of the
nervous system, being impossible in the absence of such excitation,
no matter how many objects are present. Similar considerations
apply to warmth and coolness which are specialized touch impres-
sions, sometimes ascribed to objects and sometimes to the body.

Having started with touch, the remaining members of the classical
“five senses” command our attention. Taste and smell seem to
acquaint us immediately with the properties of physical objects.
Yet they are aroused only by the excitation of certain sense organs
located in the mouth and nose, respectively. Careful analysis shows
that there are only four kinds of tastes: sweet, sour, salt, and bitter.
Other apparent tastes are in reality odors, sensed through the back
passage of the nose, which connects with the mouth. Substances
which are taken into the mouth have a much greater variety in
chemical composition than is indicated by the four-fold variety of
the taste sense. The inference is that tastes represent a response of
nerve ends rather than the actual nature of the chemical substances
which are concerned. The sense of smell is much more varied, but
still there is adequate reason for regarding the odors as sensations
rather than as actually inherent properties of objects outside of the
body in the physical world.

Here, again, we must be careful to notice that the odor, itself,
is the sensation; that the taste, itself, is the sensation. It is mean-
ingless to speak of the ‘“sensation of fragrant,” or “the sensation
of bitter,” for in our actual experience we find only tastes and odors
and not anything which is “of” them, except possibly thoughts
“about” them.
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Tastes seem to reside in the mouth in conjunction with the sub-
stances which are “being tasted,” but odors usually seem to be
properties of the general space around us, or of particular objects
outside of our bodies. Because psychologists are persuaded that
odors and similar sensations actually depend upon activities going
on in the body, and even in the brain, they have sometimes spoken
of these sensations as being ““projected.” They have thought of the
sensations as created in the brain and then thrown out into space.
But our actual experience is contrary to this idea. Experience re-
veals to us no process by which odors are projected from within
outwards; and outside space seems as good a space for a sensation
to occupy as does inside space. If being in outside space prevents an
odor from being a sensation, then there can be no doubt that the
odor is not a sensation. But other considerations make it quite
certain that the odor is a sensation, so that being in outside space
must be wholly consistent with a sensory character. Internal sen-
sations, as we have noted, have more or less definite positions, and
we know so little about the conditions underlying sensation in general
that we cannot say — without some experimental basis — that lo-
calization must be confined within the bounds of the body.

Localization in outside space is a predominant characteristic of
the two classes of sensation which now remain to be considered,
namely those of hearing and of sight. Hearing provides us with
a wide variety of musical fones and noises, in multitudinous combi-
nations. Sometimes, as in the case of a cold in the head, we experi-
ence illusory tones or noises which are localized within the ears, but
as a rule the sensations due to hearing are localized either vaguely
or definitely in outside space. This externality is more marked than
in the case of smell but less marked than in that of sight. The
reasons for regarding tones and noises as sensations, rather than as
real properties or activities of physical objects, are just the same
as in the case of other external sensations. We shall consider some
of these reasons in great detail in ensuing chapters. Tones and
noises, as we find them within our consciousnesses, are entirely dif-
ferent things from the corresponding facts which are studied by the
physical scientist. As in the case of odors and tastes, there seems
to be no ground for talking about ‘““sensations of tone” or “sen-
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sations of noise.”” Tones and noises exist as portions of our con-
sciousnesses, but there is nothing which can properly be said to
possess them, except the consciousness as a whole, and this is not a
sensation.!

It is perhaps difficult for the layman actually to regard tones and
noises as sensations and as portions of his consciousness. He likes
to slip in the seducive “of”’ and let the tones and noises themselves
be parts of the outside physical world, while consciousness retains
only the mysterious possessing ‘“‘sensation of” which no person has
ever yet been able to find. The task is even more difficult in the
case of sensations due to sight. Here we find the sensations to be
definitely and clearly localized in external space so that they seem-
ingly form the most important part of the substance of external
objects. The principal visual sensations consist of the colors, red,
yellow, green, blue, black and white, together with their many
intermediate shades or blends. Bear in mind that there is no “sen-
sation of red,” but only red, itself, which exists to be called a sen-
sation. The red lies on the surface of the red apple, and therefore
the sensation is in the same place. The sensation is red and red is
the sensation. It is a truly exfernal sensation, which never even had
to be projected into external space in order to be there.

Although colors are so clearly external in their character, we
find that they are actually dependent for their existence upon the
properties of the eye and the nervous system. Accordingly, the
physical scientist takes no interest in colors, as such, and passes
them over to the psychologist to study. This is one reason why we
have to regard them as sensations and as integral parts of con-
sciousness. We cannot at this point enter into the details of the
relationship between color and the electrical waves which the phys-
icist studies in the place of color. This fascinating topic will com-
mand our attention later on, when we come to consider the manner
in which consciousness is related to the physical world and the phys-
ical body. It must suffice here to class colors as visual sensations
and to include them definitely in our conception of consciousness.

' It is possible to give an intelligible interpretation to the use of “of” in con-
nection ?.rzth sensations, but it would not be conducive to clearness to introduce
such an interpretation at the present point in our discussion.
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Space Forms in Consciousness

If all colors — including black, white and gray — are to be re-
garded as elements of consciousness rather than as physical proper-
ties of objects before our eyes, the question arises as to whether
there are any visible properties of such objects which do not essen-
tially belong to consciousness. What do we find in addition to
colors, in an object as we see it? It may be answered that it mani-
fests spatial properties, such as definite form, size, and position.
It may also exhibit movement. Are these aspects of visible objects
also to be classed as factors of consciousness, or are they merely
physical? At first thought, without carefully considering the man-
ner in which modern physics deals with space and time, it seems
necessary to admit that the forms, sizes, positions and movements
of objects are physical in character. Certain it is, at any rate, that
physical objects possess these properties.

However, this does not preclude the possibility that the same, or
similar features may be manifested by or in consciousness. If we
study a seen object carefully we find that its spatial characteristics
are essentially dependent upon the way in which colors are distrib-
uted in the space before our eyes. An American flag, for example,
as we see it, consists of a definite pattern of red, white and blue.
The pattern could not be seen, and could scarcely be conceived ex-
cept in terms of the colors. Of course, the same pattern could be
represented in other colors, including a representation in black and
white, but in any case some concrete colors would be necessary, It
would seem, then, that colors form the fundamental substance of
objects as we see them. However, the objects which are considered
by the physicist are made of something quite different, namely matfer
or — more ultimately — eleciricity. It is therefore likely that we
must distinguish definitely between the phivsical form and the visual
form. The two may be similar, but they can hardly be identical.

Another way of looking at this problem is to ask how a color can
be a part of consciousness, without its shape, size and position being
a feature of consciousness also. Colors can exist in consciousness
only as definite areas, having definite contours. There is no such
thing as a color in the abstract which is “without form and void.”
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Of course, some color figures, such as a sunset sky, may have diffuse
or blurry boundaries, but this does not rob them at all of spatial
characteristics. Consequently it seems necessary to admit that if
colors are factors in consciousness, their shapes, sizes and distances
must also be features of consciousness. This is tantamount to saying
that visual objects, in all their aspects, are thus included.

External Objects in Consciousness

A similar statement applies to objects, as we know them imper-
fectly, through (or in) the other senses, such as touch, hearing, or
smell. In all cases the object turns out to be essentially nothing
but a pattern of sensations, a special and spatial grouping of elements
which we have already recognized to be fragments of consciousness.
One psychologist (Hunter) says: “By a state of consciousness
we shall understand anything of which T am immediately aware
—a book, a table, a color, a pain, my hate, a joy, a memory, or
a thought. On the other hand, no object of which I am at pres-
ent unaware is a state of consciousness:” Consciousness is thus
constituted of objects. Our chief criticism of this definition is of its
use of “I” and “aware.” The “I” is most easily interpreted as
meaning the whole of the consciousness — consisting of the book
plus the table plus the color, etc., while the “awareness” stands
simply for the coexistence of these things within that same mental
combination.

Another psychologist (Breese) says: “...the term comsciousness
is used to indicate any and all mental experience; not only the
awareness of our own mental states, but also awareness of objects
and relations in the outer world.” Here we may remain in doubt
as to the precise meaning of the term “awareness.” If the aware-
ness is conceived as a special mental process or relation which is
separate from the object itself, as perceived, then we cannot ac-
cept this definition. We do not find any such special awareness;
we find only the object itself. Not to be aware of the object can
only mean the non-existence of the object in our consciousness.
Whether or not it exists elsewhere is of no importance from our pres-
ent point of view. However, we must constantly bear in mind that
the object which we are here considering is one which can be thought
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of in terms of sensation alone. This is identical with the object of
common sense experience, although quite different from that of
modern physics as well as of ancient metaphysics.

Space as Part of Consciousness

Objects exist in space. This is true of objects as parts of con-
sciousness, even as it is true of physical objects. It is a precondi-
tion of their ability to exhibit spatial characteristics. Shall we there-
fore conclude that space itself is part and parcel of consciousness?
Why not? We have already admitted that internal sensations are
characterized by definite localization within the body, as experienced.
This implies an internal, or bodily space which is a portion of con-
sciousness. The external sensations, in turn, have an even better
right to possess an external or extra-bodily space in which they may
lie. Space thus appears as a general arena, within which the various
sensations are located. This arena is an arena In consciousness.
We are not saying, of course, that this space within consciousness is
the same space which mathematicians and physical scientists con-
sider. That is another question, which we must reserve for future
study. But it is the type of space which every common-sense in-
dividual knows in his daily life.

A strange conclusion, you may think, which makes conscious-
ness occupy volume, have area, possess size, and share so many
features with supposedly physical things. Strange that conscious-
ness should not be confined strictly to the cranium, that it should
reach throughout the body, even to its extremities, and then ex-
pand into the universe outside! There are many things far stranger
than these about consciousness, as we shall see in the sequel. But
now, we are simply trying to find out what we mean by conscious-
ness, and are not necessarily bound to satisfy all prejudices which
may be current concerning its nature. Our problem is to make clear
the modern psychologist’s conception of the term.

General Definition of Consciousness

Thus far in our discussion we have been endeavoring to build up
the notion of consciousness out of the various elements which must
constitute it. This should lead to a more concrete understanding of
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its nature than would the mere formulation of a general definition.
However, such general formulations are not without utility. One
useful general formula defines consciousness as the reverse of un-
sciousness. To quote the words of Ladd: “What we are when we
are awake, and what we are not when we fall into a quiet dream-
less sleep; what we are as we go about our daily work, and what
we are not when an overpowering blow upon the head is received
that it is ‘to be conscious.”” This method of indicating the mean-
ing of the term consciousness evidently leads to a very broad
conception, corresponding with the view which we have already ex-
pounded. “Quiet dreamless sleep” or the “overpowering blow upon
the head” lead to the elimination not only of inward things like
thought and feeling, but also of the outward world in its entirety.
Just as there are no thoughts in the unconscious state, so there are
no houses, trees, earth or sky. Consciousness consists of the whole
system which reappears when the individual comes out of the un-
conscious condition.

As common-sense persons, we believe that the houses, trees and
other outside things continue to exist while we are unconscious,
although we may admit, after recovering, that our thoughts and
feelings actually ceased to exist. We believe that, whereas the in-
ward processes lapsed, the outward realities continued to be, al-
though we were no longer in contact with them. It is this view
which leads to the idea of sensation and perception as relations be-
tween subject and object, as opposed to an identification of the
conscious fact with the objects, or their properties, themselves.
However, an unprejudiced consideration of the case will show that
the individual who has just recovered from unconsciousness has no
more proof of the continued existence of the external world during
his immediate past than he has of that of his own thoughts. Both
may be regarded as “returning” or as being “recreated,” whichever
we choose. The fact that other persons have been conscious in the
interim proves something about their consciousnesses, but nothing
about the world which was in ours.

As a matter of fact, the question as to whether the external world
of our perception exists when we do not perceive it, has no perti-
nent bearing upon the conception of consciousness. Consciousness
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is a compound or mosaic of the various factors which we have
enumerated above. Where these factors come from, and how they
get compound in the particular manner in which they are given, are
interesting questions, but the answer does not affect the definition
of consciousness, as such. Red apples and blue skies may come into
consciousness from some place outside, but once they are inside of
consciousness they are part and parcel of it. On the other hand, it
is possible —and even very likely, as we shall see — that all of
these seemingly impersonal things of the external world are actually
created within consciousness and have no existence apart from con-
sciousness. (See Fig. 1.)
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The definition of consciousness which we have adopted makes it
include all actual facts of experience, no matter what their character
may be. It is only required that the facts should be actual. This
requirement restricts the facts in question very appreciably when it
is rigidly applied. We are constantly thinking and talking and
acting about things which are not actual in the sense which is here
intended. We think and talk of things which “we remember,” or
which we have only “heard of.” We often act “upon faith.” Very
frequently we place more reliance upon such vaguely represented
facts than upon actually presented ones. But consciousness con-
sists only of the facts which are now presented. 1t consists of all of
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these facts, but of no others. Thoughts and memories are actual
presentations, and hence are important parts of consciousness, but
the things or meanings to which they refer usually are not. A great
part of our life is adjusted to such absent facts, but consciousness
covers a fact only when it is present or immediately “given.”

This same insistence upon the concrete immediacy of conscious-
ness necessitates that the idea of consciousness should be confined
to the present moment in time. Consciousness cannot be in the
past or in the future, but only now. It is true that there was a
consciousness in the past and that there will be one in the future;
but the past has ceased to exist and the future has not yet come
into being, so that the actual consciousness is limited to the present.
It is convenient, however, to have a term which includes the past
as well as the present — and possibly also the future. Such a term
would represent a kind of summation or series of consciousnesses in
time: a time span of consciousness. For this purpose, we may em-
ploy the word experience. Thus, we may define experience as a
series of consciousnesses in time, or consciousness as the present
moment of experience. Consciousness remains as the only concrete
psychological reality, which flows along the stream of time; ex-
perience being only its history and its prophecy.

Conscious Individuals

Another peculiarity of consciousness which we must be careful not
to gloss over is its individuality. So far as we know, there is no
such thing as consciousness at large or in general. All that we know
about consciousness is confined to many concrete examples, such as
“your consciousness” or mine. Consciousness is not like a vaporous
substance diffused throughout the universe. It consists, instead, of
a large, but definite number of individual conscious spheres, each
of which is more or less sufficient unto itself. Some doubt may be
raised as to the real intelligibility of such an expression as “my
consciousness,” because of uncertainty as to who or what it is which
possesses the consciousness in question. However, the expression
may be regarded as an easy way of referring to “this consciousness,”
the one which is “here” and contains “this thinking” which refers
to it. “My consciousness” is the Leonard Troland consciousness,
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which is a particular consciousness distinguished from others, and
having its own continuity in time. Moreover, it is associated con-
tinuously with the activities of a certain organism and nervous
system, which also bear the name of the present writer, just as is
the case with the consciousness and organism which is called * yours,”
gentle reader.

So far as we can tell, each consciousness is “private” and is ac-
cessible only to those thoughts which happen to lie within it and
form part of it. It is a presupposition of psychology, as the study
of consciousness, that each individual must observe and report upon
“his own consciousness.” This requirement applies just as much to
the external world as it does to the internal factors. No one can
see the world from your point of view save yourself. It is true that
the external portions of consciousness show greater similarity between
different individuals who are together than do the internal ones; but
the internal similarities are greater between individuals who are geo-
graphically separated, than are the external ones. However, even
from the same point of view the world is undoubtedly not the same
for any two individuals.

Consciousness as the Self

It will be recalled that we were led to study the nature of con-
sciousness by a belief that it would throw light upon the nature of
the ‘“self.” We recognized that the self could not properly be
identified with the soul, the body, or the subconscious mind, but we
hoped that we might discover it within consciousness. The indi-
vidual consciousness and experience do, in fact, provide us with
the materials for a satisfactory definition of the self. The broadest
definition would be one which identified consciousness as a whole
with the self; “my consciousness” would thus become a synonym
of “my self.” Consciousness as a whole satisfies the requirement
that it should be something distinct from the physical body (al-
though definitely associated with the latter), yet something which
can be demonstrated as a reality beyond peradventure (which the
soul cannot be). The individuality of each consciousness and its
exclusive linkage with a given physical organism makes it very
capable of playing the réle which is assigned to the self.
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However, the fact that consciousness includes so much which
seems to be external in character, and which 1s ordinarily contrasted
sharply with the self, may lead us to restrict the idea of the self to
a limited section of consciousness. For example, we may identify the
self with the stream of thought which forms only a small portion
of the entire conscious system. We may include, in addition to
thought, the internal sensations which make up our bodily experience,
and to these we may add the feelings. If this view of the nature of
the self does not seem sufficiently complete, we may .augment it
further by means of the notion of the subconscious mind which —
now that we know the nature of consciousness — can be conceived
more clearly than before.

However, our quest for an understanding of the self has led us
into a problem which is broader, and at the same time more defi-
nite than the one with which we started our investigation. It is the
problem of consciousness and its place in the universe. Conscious-
ness, for the modern psychologist, exemplifies the essence of mind.
Although mind may be greater than consciousness in some way, it
must be conceived in terms of the latter. In order to arrive at a
complete and satisfying conception of the self, we must know more
about consciousness and its relations with other things.

Our presentation of the nature of consciousness may have left
the impression that no such other things can possibly remain to be
considered. If consciousness embraces the external world, as well
as the inner facts of our experience; if it includes houses and fields
as well as pleasure and pain, what can there be further in the uni-
verse to add to it? Is not consciousness the sum total of existence?
The idealistic philosopher would reply in the affirmative, but the
modern physical scientist would heartily disagree with him. In
addition to consciousness, the physicist would say, there exists the
great world of malfer, which is quite a different thing from the
world as it is considered by the psychologist. “The mystery of
mind” lies primarily in the strange relationship which obtains be-
tween the physical world and consciousness. In order to under-

stand this relationship we must first become well acquainted with
the world of modern physics.



CaarTER IV
WHAT IS5 MATTER?

In the preceding chapter we have seen that the modern psycholo-
gist’s conception of consciousness makes the latter include a portion
of the external world, in addition to inner sensations, feelings and
the like. However, it would be an evident mistake to conclude from
this that the facts of consciousness exhaust the universe. It is quite
clear that, as we ordinarily conceive of the world, only a very small
section of it can be considered as embraced within any one man’s
consciousness. Indeed, it would seem that even if all human and
animal consciousnesses were added together, by far the greater por-
tion of the universe would still remain external to them. For ex-
ample, my consciousness at the present time includes my typewriter,
a section of one wall of my library, a window through which appears
the fagade of a house, some distant trees, a glimpse of a lake through
them, a patch of sky, etc. This is a very insignificant part of my
own immediate neighborhood, as I ordinarily conceive the latter;
and it probably includes nothing at all of the external world which
is represented in your consciousness at the present instant.

The Physicist’s Method

Now the physicist is interested, in the first place, in achieving
a notion of the world which is complele, and is not limited to the
meagre glimpses which are alone afforded to the psychologist. Com-
mon-sense thinking has a similar interest, although a less thorough-
going one. Ordinarily our common-sense thought does not lead us
beyond the general environment in which we follow our daily routine.
But the physical scientist wishes to know the universe in its entirety.
In pursuing this wish, he departs from the actual contents of con-
sciousness in a number of different ways. In the first place, he adds
to his consciousness, so to speak, on the outside: making the world

44
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of physical science larger than that which is present within conscious-
ness. In the second place, he develops or subdivides the world
which is actually before him, so as to conceive it as possessing a
minute structure which is not immediately apparent within it
Thirdly, he proceeds to reconstruct the expanded world which he
has thus created, so that its form shall become intellectually satis-
factory. We shall consider concrete examples of these three tend-
encies of physical science below but the net result is that the
physicist’s world turns out to be something very different from the
external world which is present in consciousness.

The physical scientist conceives his universe to be made up of
physical substances and forces. These are different from the sub-
stances and forces in terms of which the psychologist thinks. The
psychologist reduces the external as well as the internal world (of
his experience) to terms of sensation; but the physicist says that
the world with which he deals is composed of matler. What, then,
is matter? We cannot be content with the whimsical reply: “Never
mind,” although we may admit its truth as an assertion. The
physicist has been endeavoring for centuries to provide us with an
answer to the question, and we can say that at the present he has
achieved an admirable success. Although there are still many mys-
teries concerning the material world, we nevertheless are able to
describe its nature very accurately and completely.

Enlarging the World

Let us first consider some ways in which the conception of the
physical world has been formed by enlargement from the world of
direct consciousness. In this connection, we shall also see how the
physical world is reconstructed to meet the demands of intellectual
consistency.

One of the earliest of physical ideas to be developed by men was
that of the shape of the earth and of the heavens. As a matter of
direct experience, the earth is flat and the heavens are a flattened
dome. Men therefore assumed that the universe in its entirety, the
part which is beyond consciousness, as well as within it, has the same
general type of structure. This assumption involved an extension
from experience, but the enlarged world was still conceived in ac-
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cordance with the pattern found in consciousness. The conscious-
ness of any individual, at any time, was thought of as embracing a
restricted section of the total flat earth, and a somewhat larger sec-
tion of the heavenly dome.

However, numerous other guesses concerning the shape of the
universe were hazarded by the ancients. One of these was that the
world was really round and only apparently flat. This conception
of the form of the earth was probably derived from an admiration of
the sphere as a perfect mathematical figure, rather than from any
attempt to explain the motions of the sun and stars. Nevertheless,
down to the time of Copernicus and Gallileo, men in general agreed
upon the picture of the flat earth and the dome of the heavens re-
volving about it. Ptolemy and his successors developed this con-
ception in detail and succeeded in explaining a great number of
astronomical facts by means of it, although not without consider-
able complexity of argument. Then came Copernicus, with his
dangerous doctrine of a round earth revolving with the other planets
about the sun as a center. This doctrine was, upon its face, a
direct contradiction of everyday facts of experience. Nevertheless,
it proved to be far more satisfactory intellectually than the Ptole-
maic view, because it explained perfectly a vast multitude of rare
facts known to astronomers, while the rejected view handled them
in a bungling manner.

Psychological considerations show how it is possible for the earth
actually to be round and yet appear flat. The curvature is so grad-
ual that it falls below the threshold of perception. They also show
why only the relative and not the absolute form of the motion of the
earth with respect to the heavenly bodies, can be perceived. Even
to-day, however, psychologists are still trying to explain exactly why
the sky appears as a flattened dome, why — as a matter of con-
sciousness — it undeniably #s such a structure. Meanwhile, no
psychologist and certainly no physicist believes that physically
there is any sky surface whatsoever; and every educated person
accepts the Copernican theory. Thus, as the physical scientist en-
larges his universe, it comes to differ more and more from the world
of direct consciousness.

The Copernican doctrine displaced the Ptolemaic because when all
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known facts were considered, it provided the simpler and the more
complete mathematical explanation of them all. It was very far
from being a product of immediate observation. When Magellan
had actually succeeded in circumnavigating the globe, he was able
to piece together the experiences of his successive days and to argue
from these facts as to the roundness of the earth. But Columbus,
when he sailed west, did not have even this basis of facts for his
belief that he could thus reach the Indies. He was acting upon a
theory which he had been led to adopt through intellectual consider-
ations.

As the sciences of astronomy and of geography advanced, more
and more data accumulated to support the Copernican view. Among
these were the three laws of Kepler, which Newton explained by his
law of universal gravitation, thus consolidating the system mathe-
matically. Gradually but surely the physical science of astronomy
has gone ahead from these beginnings, building up a complex
picture of the universe, a picture inspiring in its grandure but
dazzling and bewildering to the imagination. We believe with the
astronomer that the sun is ninety-two million miles away, and that
its diameter is some eight hundred and sixty thousand miles. But
in experience it is a small disk the same in size as the moon, both
of these heavenly bodies being fastened in the dome of the sky at no
very stupendous distance above us. As a matter of experience or
consciousness, the sun and the moon are larger at the horizon than
in the zenith, yet physically their sizes do not vary.

The stars, as facts in our consciousness, are mere points of bright-
ness in the sky at the same distance as the sun or moon. Yet as-
tronomers tell us that many of them are billions and even trillions
of miles away. The light which strikes our eyes at any moment
left some of these stars many years ago. This means that the starry
firmament which we see to-night represents a physical condition of
things long since past. Indeed, owing to the differing distances of
the individual stars, it represents a constellation of conditions which
never existed simultaneously at all. Evidently astronomy, as a
branch of physical or natural science, tells us of a world which lies
far beyond our immediate consciousnesses. If we believe in the
reality of this astronomic scheme, we must inevitably hold that the
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astronomic universe is one thing and our ““experience of it" is quite
another thing. They are undoubtedly connected by intimate ties,
as cause and effect, or as premise and conclusion, but they cannot
be identical. The one is a world of matter, the other a world in
mind.

Subdividing the World

In astronomy, the physical scientist has described a world which
eludes our imagination because of its immensity. In chemistry and
atomic physics, he has represented a world which transcends ex-
perience on account of its extreme minuteness. The idea that seem-
ingly solid or continuous bodies are in reality made up of tiny
particles, separated by vacant spaces, dates back to the Greek
philosophers. However, until modern times the idea was rela-
tively unfruitful, because it had not been brought into contact
with a sufficient variety of facts. Modern physical doctrines con-
cerning the atomic structure of matter have been so successful in
establishing such contact as to make the atomic theory quite indis-
pensible in explaining the properties of physical bodies.

The physicist and chemist tell us of many different kinds of phys-
ical particles, all of which are far too small to be seen or touched
individually. These particles may be ranked roughly according to
their sizes. The smallest of them all is called the profon. This is
a particle of pure positive electricity. Next in order comes the electron,
which is about eighteen hundred times as large as the proton and is
made wholly of negative electricity. Although the electron is so much
larger than the proton, the amount of negative electricity which the
former contains is only just sufficient to neutralize the quantity
of positive electricity contained in the latter. The two quantities
are equal but opposite in kind. Another strange fact lies in the
much greater mass of the proton as compared with the electron.
It would naturally be expected that the mass of the larger particle
would be the greater; or at any rate that the two masses might be
equal on account of the equality of their contained amounts of elec-
tricity. However, it appears that the greater condensation of the
electricity in the proton vields a vastly increased mass. This re-
sult can in fact be predicted by electrical theory.
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Atoms

It is a fundamental law of electrical science that positive and
negative particles attract each other with a force which varies in-
versely as the square of the distance which separates them. Also,
particles of like kind, whether positive or negative, repel each other
in accordance with a similar law. Consequently, electrons and pro-
tons show a very powerful tendency to combine with or to adhere to
one another. The complex particles which are thus formed are
known as afoms, and sometimes as zons. Although there is only one
species of protons and one species of electrons, there are many
different species of atoms and of ions. This is because the electrons
and protons can combine in many different numbers and groupings.
When the numbers of protons and electrons in such a combination
are equal, the result is called an atom, but if they are unequal it is
known as an ion. If there are more electrons than protons in the
combination the ion is said to be negative, because the negative
particles are in excess. If, on the other hand, there are more pro-
tons than electrons the lon is called positive.

The smallest of the atoms is formed by the combination of one
proton with one electron. It is the atom of the substance known as
hydrogen. The use of hydrogen to fill balloons indicates the fact
that hydrogen is the lightest of all substances, existing under ordi-
nary conditions in a gaseous state. Following hydrogen comes a
series of atom species which are progressively more complicated and
more massive. The most complex and heaviest one of all is called
the uranium atom. Each of the different atoms consists simply in a
union of protons and electrons in definite numbers. The protons
and electrons are held together by the forces of electrical attraction
which exist between them, but when more than one of each of these
particles is involved, forces of repulsion also exist between the par-
ticles of like character which must be present. The attractive and
the repulsive forces tend to balance each other when the particles
are arranged in certain rather definite ways in space, so that each
atom has a characteristic structure.

The mass or weight of the uranium atom is about two hundred and
thirty-eight times that of the hydrogen atom. For this reason we
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might be led to anticipate the existence of two hundred and thirty-
eight different atomic species. However, if all of these actually
exist, some of them must have remarkably similar structures. This
is so because the chemist, by the methods available to him, has been
able to separate out only about ninety distinct species. The ex-
planation is probably as follows. The protons in an atom are all
packed very closely together in the center of the structure. Com-
bined with these are approximately one-half of the electrons, and
the resulting aggregation constitutes the so-called nuclens of the
atom. The nucleus evidently contains an excess of positive elec-
tricity, and this has to be balanced by electrons held in the space
outside of it. The entire combination makes up the atom as a
whole. Now the chemical properties of an atom depend upon the
number of electrons outside of the nucleus, which in turn is de-
termined by the number of unbalanced protons within the nucleus.
This latter number will evidently be less, in general, than the total.
Physicists have found methods of determining the exact number of
unbalanced protons in atomic nuclei and have concluded that in the
uranium atom there are only ninety-two of them. Consequently
there can be only ninety-two types or “genera’ of atoms which are
chemically distinguishable. Nearly all of these have been identified,
and each one has been tabulated by the chemist as corresponding
to a specific chemical element. A single chemical element therefore
consists of atoms, all of which have the same number of “external”
electrons. Such atoms, however, may have different numbers of
electrons and (balanced) protons in their nuclei. Atoms or sub-
stances which differ in this manner only are called isofopes.

Radioactivily

Although chemists used to think of atoms and elements as ulti-
mate and indestructible, it is now known that they are only re-
latively so. In processes of chemical change and under other
circumstances the external electrons of the atom may be reduced or
increased in number, forming positive or negative ions, respectively.
In the process known as radioaciivity even the nucleus breaks up,
forming atoms different in kind from the original ones. Among the
atoms thus formed, the helium atom is the most common, so that
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it seems likely that this atom forms one of the structural units of
the nucleus in atoms more complicated than itself. Speaking more
exactly, it is the helium nucleus which appears in radioactivity, since
it is lacking in the two external electrons which are present in the
helium atom as a whole. Helium is the second lightest of the chem-
ical elements, and its atomic nucleus seems to consist of four pro-
tons plus two electrons. (See Fig. 2.)

Fic. 2. TuacNaryY DIAGRAM OF STRUCTURE OF A HELTUM ATOM.

The small dark points represent protons, while the larger circles stand for elec-
trons. The connecting lines represent the electrical fields between the particles. No
attempt has been made to make this diagram show the actual proportions of the
Structure.

The atoms which disintegrate radioactively are amongst the most
complex and massive ones, indicating that as a nucleus increases in
size it decreases in stability. This is probably because the attractive
forces are no longer able adequately to overcome the repulsive ones.
It is for this same reason that atoms more complex than that of
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uranium are impossible. When an atom nucleus breaks up, a very
large amount of energy is liberated; that is, the amount is very
large compared with any energy which can be obtained from the
external electronic structure. This energy is mainly manifested in
the extremely high speed with which the helium ions are shot off
from the disintegrating nucleus. In some cases, however, electrons
are expelled instead of helium ions. These moving particles are
called alpha and beta rays, respectively. Still a third form of
energy is present in the so-called gamma rays, which are not parti-
cles, but wave disturbances similar to light.

Electromagnelic Waves

The manner of origin of these wave disturbances is worthy of
special consideration. They are to be regarded, in the first place, as
effects incidental to the discharge of the electrical particles from the
nucleus. General electrical theory demands that when such a par-
ticle is speeded up or slowed down, there should be a distortion of
its so-called fields of force. Of these fields there are usually two, the
electric and the magnetic. The former represents the tendency of
the electrical particle either to attract or to repel another particle,
according to its “sign” (positive or negative). The latter represents
the tendency to attract or to repel a magnetic “north pole.” The
magnetic field exists around an electrical particle only when the
particle is moving, and magnetic “poles,” whether “north” or
“south” are created only by such motion. When the electron or
proton or ion moves steadily the two fields are also steady and
undistorted. When, however, the motion is increased or reduced
there is a distortion or strain set up in the fields, and this disturb-
ance is propagated away from the particle at the tremendous
speed of one hundred and eighty-six thousand miles a second: ““the
velocity of light.”

The generation of such “electro-magnetic’” disturbances is not
limited to radioactive changes, but occurs wherever electrons or
other electrified particles alter their speeds or directions of move-
ment. X-rays, light, radiant heat, and radio waves all belong in
the same class with the gamma rays from radium. They differ
primarily only in their wave-length or frequency, which is deter-



WHAT IS MATTER? 53

mined by the quickness of the speed-changes upon which they de-
pend. At one time physicists believed that such waves existed only
in a space-filling medium called the wther, but nowadays the tend-
ency is to explain them in terms of the electric and magnetic fields,
without reference to the @®ther. The existence of the wmther has
been rendered very doubtful by the development of the “relativity
principle” of Einstein, discussed below.

Chemical Action

The structure of an atom is frequently so open-work in nature
that the forces associated with the electrons and protons are able
to reach outside of the individual atom to some extent and bind
two or more atoms together. Such a union of atoms is known as
a molecule. The processes in which molecules are formed or broken
up are known as chemical changes. A collection of molecules, all of
the same kind, constitutes a pure chemical compound substance.
Although there are only ninety-two possible chemical elements, the
number of pure chemical compounds is limited only by the possible
combinations of the ninety-two genera of atoms. There is an al-
most infinite variety of such combinations, although they are all
subject to definite rules. Some atoms show a much greater diversity
in their combinations than do others. Carbon, the element at the
basis of life processes, is the most versatile of all. This is probably
due to the especially open-work character of its atom structure.
Other atoms, such as those of helium, refuse to enter into any chemi-
cal combinations whatsoever.

The residual forces which bind atoms together to form molecules
are known as forces of chemical affinity, although they really are of
the same kind as those which unite electrons and protons into atoms.
It is easily appreciated that these forces will be determined mainly
by the electrons which are outside of the nucleus, so that all chemi-
cal properties will be determined by the numbers of these electrons
which are present. Molecules possess definite structures, or arrange-
ments of their constituent atoms in space. When the molecular
structure varies, even if the number and identity of the atoms re-
mains unchanged, there is always some accompanying change in the
properties of the corresponding substance. Chemical changes are of
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three general kinds: combination, disintegration, and rearrangement.
Combination is usually due to the inherent forces of attraction exist-
ing between the atoms. Disintegration ordinarily rests upon the
action of outside disturbing forces, such as heat.

Heal

Heat, according to the modern physical view, consists in a random
vibratory movement of the molecules and other particles — such
as electrons — of which any body is composed. The more rapid this
vibration, the higher the temperature. The vibrations are still very
energetic in bodies which seem to be very cold, and are only absent
at the excessively low temperature of two hundred and seventy-three
degrees below zero Centigrade. Since this temperature has never
vet been produced on the earth’s surface, we can say that all bodies
with which we are acquainted carry some degree of heat. The
sharp distinction which we commonly make between “hot” and
“cold” has a psychological rather than a physical basis. The
sources of increased heat are always found in some process which
speeds up the molecular vibration. An example is to be found in a
chemical combination such as the burning of coal, where the mole-
cules are agitated by the chemical affinities which come into play.
The collisions which are continually occurring between moving
molecules tend to level out local differences in vibratory speed or
temperature, and bring all parts of a body to the same temperature.

Solid, Liguid And Gas

Molecules combine with one another to produce the large masses of
matter which we find represented in our everyday experience. The
loosest form of such combination is a gas, in which the molecules are
separated by relatively enormous empty spaces. In a gas the energy
of the heat vibration is greater than the attraction of the molecules
for one another and therefore keeps them apart. In the liguid state,
however, the attraction overcomes the heat energy, so that the
molecules fall together into a closely packed mass. The attraction
is still insufficient to prevent the individual molecules from sliding
by one another, so that the mass is highly plastic. In the solid the
further relative increase of the attractive forces renders this sliding
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action impossible, so that the total mass possesses rigidity. The
forces which thus hold the molecules together are to be regarded as
derived ultimately from the fundamental attractions existing be-
tween electrons and protons. They are, so to speak, secondary
residues from chemical affinity. However, in the case of crystalline
solids, there seems to be no clear distinction between the forces
which bind the atoms and those which unite the molecules; in a
sense, the crystal is a single huge molecule.

Electric Currents

Among other properties possessed by aggregations of molecules is
the especially interesting one of ability to carry an electric current.
Such a current consists in an actual flow of electrons or else of ions
through the substance. In the case of solids, such as metals, the
current consists entirely of moving electrons, but in liquids (except
mercury) the motion is one of ions, and hence involves in the latter
case an actual transfer of chemical substances. The ions in a liquid
are usually due mainly to dissolved substances, the molecules of
which tend to break up into oppositely charged parts in the presence
of the liquid molecules.

Life And Biology

A solution is an example of a chemically impure or complex sub-
stance. Such substances, consisting of mixtures of various kinds of
molecules, frequently exhibit properties different from those of any
of the individual substances which are thus combined. Thus an
aqueous solution of salt conducts electricity readily, whereas both
pure water and pure salt conduct practically not at all. Protoplasm,
the general substance from which living organisms are constructed,
manifests this principle in its highest form. Protoplasm is probably
the most complex of all naturally produced substances, so that its
properties are very intricate. Practically any of the powers shown
by protoplasm can be demonstrated in separate simpler substances.
Protoplasm is unique only in combining them all in a single body.
This combination itself produces new characteristics due to the
manner in which the united properties influence one another. This
codperation of properties is sometimes called organization.
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At one time, biologists believed that some special agency — not
found elsewhere in the physical world — was involved in /ife. One
or two biologists, and a larger proportion of other types of scien-
tists, still seem to hold to this view. They speak of “vital force,”
“entelechy,” or the like as something which cannot be explained in
terms of protons and electrons. However, an overwhelming number
of scientists — including practically all biologists — now believe that
life can be reduced to a very complex interplay of the same forces
which underlie the facts of physics and chemistry. In other words,
they regard biology — the science of life —as a strictly physical
science. The seemingly vast gap which exists between living and
non-living things is held to be due to a correspondingly great differ-
ence in complexity, rather than to any fundamental difference of
substance.

In regarding biology as a purely physical science, biologists per-
force admit that the science is very far from being complete and
perfect at the present day. Since the complexity of living bodies is
so very great, it must be a long while yet, before we can understand
all of their details in physical terms. So long as certain phenomena
remain unexplained, skeptics are quite at liberty to assert that they
are inexplicable. But this does not prevent the physical biologist
from continuing his effort to account for them in the terms which he
has chosen to employ.

One fundamental question which faces the biologist is how living
bodies have acquired their great and specific complexity. Proto-
plasm builds itself up into the intricate machines which we call
human, animal or plant bodies. These bodies are so constructed as
to be able to maintain their existence over considerable periods of
time in the face of serious obstacles. Although they may ultimately
fail as individuals, they nevertheless reproduce their kind and may
survive indefinitely as species. The biologist sees no reason why
these things cannot be accomplished by purely physical means. He
must admit, however, that the means do not develop instantaneously
out of the nature of protons and electrons. He acknowledges that
the powers of life have been developed gradually during a wvast
period of time in the past, in the process known as evolution. Time
has been the builder of life. But the materials with which time has
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worked have been purely physical. All matter, non-living as well
as living, has had its evolution, in which the fittest have survived
and the unfit and unstable forms have disappeared. Hence, as
Darwin recognized, whatever continues to exist, whether it be com-
plex or simple, must necessarily be fi or it would long since have
perished.

When the biologist speaks of explaining life wholly in a physical
way, he has no thought of including the phenomena of mind. The
biologist, as such, knows no psychology. It is no part of the biol-
ogist’s task to explain the existence of thought, feeling and sensa-
tion in association with organic activities. He does not deny their
existence; he simply ignores it. He must do this because thought,
feeling and sensation are not reducible to physical terms, so that to
have recourse to them would be to depart from the biological faith.
Furthermore, he does not find it necessary or useful to employ
psychological conceptions. It is true that the biologists must ac-
count for human and animal behavior, a problem which also in-
terests the psychologists, but the biological account will still be
given in physical terms, as if men and animals were pure machines,
without consciousness in any form.

Is the Physical World in Consciousness?

When we reflect upon the minute structure of the world, as it is
described by the physicist, we see that he is talking of something
very different from the world in our consciousness. There are no
molecules, no atoms, no electrons, and no protons in the world as
we see it and touch it. There are none of the minute structural
arrangements or movements of these particles which physics depicts.
On the other hand, the world of physics has no colors, no cold, no
odor, or few if any of the sensible properties found in the world of
consciousness. It is quite evident that the world as we perceive it
and the world as described by physical science are far from being
identical. Indeed, if they were identical the physicist could have
arrived at his conclusions with very little labor. The question may
legitimately arise, however, as to whether the two worlds do not
have some portions in common. It would seem, for instance, that
the space of the physical world and that of external sensation may be
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identical, and that the shapes of large objects are the same in both
systems. Time, also, would appear to be in common,

The problem thus introduced has been a topic of philosophical dis-
cussion throughout the ages, but modern physical ideas throw con-
siderable light upon its solution. In fact, they indicate a decisive
answer. We refer to Einstein’s “principle of relativity,” which is a
physicist’s own study of the time and space and mass of the physi-
cal world. It has been the effort of physicists for a long time to ex-
press all of their ideas mathematically in terms of space, mass and
time. Other conceptions, such as force and energy, were reduced to
definite combinations or relationships of these three fundamental
factors. For example, force reduces to mass multiplied by space
(length) divided twice by time. The fundamental factors or “di-
mensions’’ have their characteristic “units” of measurement. Thus,
space or length is measured in centimeters, mass in grams and time
in seconds; the scheme as a whole being known as the “C. G. S.
system”’ (for the centimeter, the gram, and the second.)

The Relativity Principle

Now, Einstein set out to study the conditions under which phys-
ical measurments are made. He also wished to see whether certain
hitherto unexplained facts could not be accounted for on the basis
of a proper understanding of these conditions. The facts in question
have to do with the physical effects to be expected as a result of the
earth’s motion through space. Einstein found it possible to develop
the explanation for which he was looking, if he supposed that phys-
ical units of measurement vary in apparent magnitude when made
upon a body which is moving. The faster the motion, the smaller
the units of length and time, and the larger the unit of mass. Thus
a physicist upon the planet Mars, as it passed rapidly by the earth,
would appear to us to be employing erroneous units; although if
Mars were to stop relatively to the earth, the units would be auto-
matically corrected. However, the Martian physicist could make
exactly the same statements about the units which were being em-

1Tt is true that discussions of electricity and magnetism have introduced two
other factors, characteristic of the electrical and of the magnetic fields, respect-
ively; but we may neglect these for the present,
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ployed by the mundane physicist, while regarding his own units as
correct even while his planet was in motion. The motion, however,
is relative, so that the Martian’s claim to correctness is exactly as
good as the earth-dweller’s claim. The two claims, however, are
mutually incompatible if space, time, and mass have the character-
istics which are ordinarily attributed to them.

It is impossible to attempt a real exposition of Einstein’s theory
here. What has been said above is intended only to indicate that
the modern physicist has been forced by intellectual processes to a
view of the fundamental dimensions of his world which makes them
quite different from the corresponding factors of common experience.
Physical space and time, although correlated in some way with the
space and time of consciousness, cannot be identified with the lat-
ter. A similar conclusion can be reached by approaching the prob-
lem from the psychological side. Space as we see it or feel it has
properties which even the old fashioned physicist ruled out of physi-
cal space. Psychological space has a built-in point of view, a per-
spective character, which is indicative of its dependency upon the
individual observer. Psychological time varies in its relation to
physical time, sometimes moving more rapidly, sometimes more
slowly. Psychological mass reduces to sensations which have no
resemblance to the physicist’s conception of mass.

The Separateness of Physical and Psychical

In the light of the above considerations, it seems necessary to go
the whole way and to say that the world of modern physical science
and the world in consciousness have no common parts at all. They
do not really intersect anywhere. The physical world is one thing
and the external world which we “see,” “touch,” “hear,” “smell”
and “taste” is quite another thing. The conscious world is made of
sensation and subjective space and time. The physical world is
composed of electricity moving in a different sort of manifold. We
do not know what electricity is in terms of consciousness, and we
cannot imagine the nature of the Einstein system. The best that
we can do is to handle the mathematical equations which describe
these mysterious physical entities.

Nevertheless, there must be some relation between the physical
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world and the world in consciousness. Yes, indeed, for the physicist
starts with his consciousness when he initiates his far-flung reasoning.
He comes back to his consciousness, again, every time he actually
applies or tests a theoretical result. Spots of light on a vacuum
tube wall have meaning for the physicist in terms of electrons, but
as “spots” they are visual sensations. Similar statements can be
made concerning every other so-called * physical observation.” But,
we can go much farther than this. The physiological psychologist
knows that sensations and objects in consciousness have a relation
to special physical processes, those of the individual body. Ewven
thought, feeling, and will have their physical counterparts. In other
words, although we cannot identify any part of consciousness with
any part of the physical world, we must admit that every part of
consciousness stands in a definite relation to seme part of the physi-
cal system. To consider the essentials of this fascinating relation-
ship will be the topic of our next chapter.



CHAPTER V
THE INTERRELATIONS OF CONSCIOUSNESS AND MATTER

BEFORE we attempt to analyze the relations which hold between con-
sciousness and matter let us review briefly what we have learned
concerning the inherent natures of these two contrasted things.

We found that consciousness exists in the form of separate indi-
vidual systems or spheres, such as “your consciousness” or “my
consciousness.” ‘“‘Your consciousness’” is made up of all of the
things which “you” are ordinarily said to be “conscious of.” It
consists of thoughts, feelings, will, internal sensations, external sen-
sations, objects as perceived, and even experienced space and time,
We denied, however, that the “you” and “your” have any meaning
outside of this consciousness, itself; we looked inside of conscious-
ness for the meaning of these terms. Moreover, we denied the im-
portance of the preposition “of” in the phrase, “consciousness of,”
and regarded consciousness as an entity, a system, or a substance,
rather than as a relation or activity. Looked upon in this way,
consciousness presents a similarity to a material object such as a
machine. It has a definite sfructure; it is a compact and definitely
organized combination of parts which work together in a charac-
teristic way. The parts are the various things which we find within
it, thoughts, feelings, sensations, etc. The exact nature and ar-
rangement of these parts varies from time to time in the same con-
sciousness, or from one consciousness to another. They are always
characterized, however, by their qualitative variety, as red differs in
quality from green, or pain from sweetness,

When we came to consider the physical world, on the other hand,
we found that in the place of isolated individuals, we had to deal
with a vast, impersonal universe. So impersonal is this universe
that it employs none of the parts of consciousness in its conception.

Although the physical system exists in a sort of space and time,
61
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these are “‘according to Einstein” and thus very different from the
space and time which are found in consciousness. Moreover, the
parts of the physical world are not continuous with one another like
those of consciousness, but consist in minute grains of positive and
negative electricity. Electricity is known only through its behavior,
and the distinction between its positive and negative kinds is appar-
ently not representable in conscious terms. The whole physical
world is a tremendous mosaic of electrical particles, and except for
the forces, energy and motion which attach to these particles, there
is nothing else whatsoever to be found within it. It has no “quali-
tative variety "’ such as exists in consciousnesses; its variety is wholly
structural.

The various structures which exist in the physical universe follow
a natural order of arrangement depending upon their complexity.
First comes the atom, then the molecule, then the molar mass, and
finally: living organisms, some relatively simple and some very in-
tricate in form and activity. The most intricate of all physical
structures is the one known as the human organism. But “human”
though it may be, it is nothing but a very complicated constellation
of protons and electrons, with their associated forces. At any rate,
this is the way in which the biophysicist or physiologist conceives of
its nature. Nevertheless, the psychologist knows that active —
living and waking — human organisms “are conscious.” At least,
they have consciousnesses; or, more strictly speaking, there exists a
consciousness corresponding lo each of these waking organisms. If
we wish, we can say that the consciousness belongs to the organism
as a piece of private property. It would be equally legitimate,
however, to say that the organism belongs to the consciousness. One
thing is certain, that the consciousness does not reside in the or-
ganism nor is the organism present in consciousness,

The Relation of Imternal Sensations lo the Body

Still, the organism apparently has a representation in consciousness.
It gains this, in one way, through the inlernal semsations, and
through some of the feelings, and even through some aspects of
“will.” The internal sensations indicate or signify the form, the
posture, the movement and condition of the living body. Yet they
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cannot be identified with the latter as a physical structure. Pain
tells us that our tissues are being injured, but pain is in itself
absolutely different from the injury. Neither can the movement sen-
sations which accompany walking, be identified with the physical
displacement of the limbs or of the body as a whole. Nevertheless,
the relation between these things is fairly definite and constant.
When the tissues are injured we normally have a pain in conscious-
ness and the nature and localization of the pain depends upon the
location of the injury in the body.

The general proposition which seems to be true regarding the
relation of the internal sensations to the physical body, is that the
former correspond to the latter. However, there are many fewer sen-
sations than there are parts and conditions of the body. In a state
of health the internal sensations occupy a minor place in conscious-
ness. There is a general “‘feeling” of the body as a whole com-
bined with a clear representation of its given posture or movement,
but internal organs, such as the stomach or lungs have no definite
sensations to represent them. Consciousness is mainly composed of
external sensations, since in the state of health our chief concern
is with the world about us. However, in illness consciousness may
be dominated almost entirely by internal sensations. But usually
these do not represent the organism as a whole, as they tend to
stand for some particular organ, such as the stomach, which is in a
disordered state. It would appear, therefore, that the correspond-
ence which exists between the body and the internal sensations is
not only incomplete, but is variable.

When we think about our internal sensations in a careless manner,
we tend to identify them with the physiological conditions which
they represent. However, as soon as we recognize that the two
things are quite different, the question arises as to the basis of the
actual correspondence which exists between them. Why should
there be any definite relation at all between consciousness and the
state of the body. We may say that it is in the nature of conscious-
ness to represent the bodily condition, but his statement gives us no
real insight into the matter. We must inquire whether there is any
special apparatus or any special conditions which engineer the in-
ternal sensations.
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The Part Played by Nerves

When we make such an inquiry we find at once that nerves are in-
volved. In order that we should have the undesirable internal sensa-
tion known as a tooth-ache or as dental pain, there must be a nerve
in the tooth. Moreover, this nerve must be stimulated or excited,
as by the chemical action of sugar or the heat generated by the
dentist’s drill. Sometimes the decay of the tooth is so bad that the
dentist has to remove the nerve, and thereafter no amount of sugar
or heat will produce the pain. The pain is also absent when the
tooth is whole, or not subject to forces which excite the nerve.
There is a further way in which the pain can be avoided, and one
which the dentist frequently utilizes. This consists in paralyzing
the nerve with a drug, such as cocaine. Usually, however, the
dentist does not apply the cocaine directly to the tooth, but instead
he injects it into the gum at the proper place. In this case a num-
ber of teeth and also the surrounding gum are rendered insensitive
to conditions which would otherwise result in severe pain. (See
Fig. 3.)

These facts show clearly that the pain sensation does not corre-
spond simply and directly to the abnormal condition of the tooth.
In order that this condition should be accompanied by pain it must
first arouse the nerve to activity. It would therefore appear very
probable that the pain is due to the nerve activity and not directly
to the condition of the tooth. However, in order to prove that the
latter does not play an essential part, we must show that pains
which are localized in the tooth can be aroused by nerve activity
alone. This can be done in several ways. In the condition known
as dental neuralgia, pains are experienced in the teeth which can
only be explained as due to irritation of the nerves, since the sub-
stance of the tooth is intact. Another case appears in cauterizing
certain portions of the inner membrane of the nose, during which
process tingling sensations are frequently had in the teeth. These
are referable to the stimulation of nerves coming from the teeth
and passing close to the nasal membrane which is under the in-
fluence of the cautery.

It is to be noted that regardless of the exact manner in which the
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nerves are stimulated or paralyzed the effect is always referred to
the footh. When the dental nerve is excited through the nasal
membrane the sensation is not *“‘in the nose” but is “in the tooth.”
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FIG. 3. THE DENTAL NERVE PATH.

Diagram to show the relations of the teeth and their nerves to the
brain. See text.

When the nerve is paralyzed the footh becomes numb. The nerves
are apparently not represented in consciousness on their own behalf.
There is scarcely any instance in which a sensation is consciously
referred to a nerve. Indeed, it is only through scientific instruction
that the layman learns to think and talk about nerves at all. The
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fact that sensations tend to be localized at the points where nerves
begin, and frequently in advance of these points, presents one of the
fundamental problems in the “mystery of mind.”

We have considered the case of dental pain as an illustration.
The statements which hold for it are also valid for all other internal
sensations. For each of these there is a corresponding nerve or
group of nerves, and the sensation is associated with the activity
of a specific nerve rather than with the bodily condition in itself.
Thus, the sensations corresponding to bodily postures and move-
ments depend upon nerves ending in the muscles, joints, tendons,
and the sense-organs of the internal ear. There are many different
kinds of organic pain, each of which has its own peculiar nervous
basis. The sensation which accompanies a full bladder is due to the
excitation of nerves ending in the wall of that organ. The general
principle that the nature of a sensation depends upon the particular
nerve which is involved, rather than upon the conditions of its
excitation, is known as the doctrine of ‘“specific nerve energy,”
and was formulated many years ago by the German physiologist,
Johannes Miiller.

The Nature of Nerves

When we speak of a nerve, we involve ourselves in the considera-
tion of a complex piece of apparatus. In its simplest conception, a
nerve is a fine, conducting thread which connects the sense organ
with the so-called “central nervous system.” However, there is
another class of nerves which join this latter system to the muscles
and glands of the body. The first kind of nerves are called “sen-
sory,” while the second kind are known as “motor.” When they
are studied through a microscope these two species of nerves show
no very marked differences. Nevertheless, the relations which they
bear to consciousness are radically different. The activity of the
sensory nerves results in sensation, while that of the motor nerves is
responsible for bodily movements and postures. We shall have
more to say later concerning the relationship between the activity
of the motor nerves and what transpires in consciousness. Our
present concern is with the sensory nerves.

Let us consider further what is meant by the statement that “a

&k
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nerve is a conducting thread.” The pain nerve of a tooth is a deli-
cate fibre which has numerous branches interlacing with the blood
vessels of the core of the tooth. This fibre extends through the
roots of the tooth into the jaw and thence to the stem of the brain.
When the decayed tooth is acted upon by an irritating substance a
change takes place in the nerve at the point where the action occurs
and this change travels along the fibre to the brain. More strictly
speaking, the disturbance of the nerve at the tooth brings about a
disturbance at the next point removed from the tooth, and this in
turn is passed on to a further point until finally the brain is reached.
The nerve in the disturbed state is said to be ‘“‘excited” and the
exciting agency is called the “stimulus.” The passing on of the
excitation from the tooth to the brain is known as “the conduction
of the nervous impulse.” The conduction has a definite speed, which
is approximately at the rate of three miles a minute. This is about
one third of the speed at which sound travels through air and less
than one three-millionth the velocity of radio or light waves.

Usually a sensory nerve is provided at its outer end with a special
attachment for picking up the action of the stimulus. This attach-
ment is called a “receptor,” because it receives the stimulus, and its
function can be compared with that of the tuned circuits in a radio
receiving set. It renders the nerve particularly sensitive to certain
classes of influences and relatively insensitive to others, just as the
tuned circuit favors a given wave-length. Thus pain nerves are
sensitized to stimuli which threaten the tissues, while taste nerves
respond to definite chemical substances and the nerves of the eye
react primarily to light. In the absence of such specialized receptors
the nerves are comparatively insensitive to the majority of these
agencies and show no marked differences in their sensitivity to a
given agency. Receptors are frequently grouped together in a sys-
tematic way and surrounded by other living tissues to form a sense-
organ, such as the eye or ear.

The individual nerve fibre itself is so very fine as to be entirely
invisible to the naked eye. However, many thousands of these
fibres are ordinarily bundled together to form what is commonly
called a “nerve.” Within this bundle the individual fibres are in-
sulated from one another, so that conduction started in one fibre



68 THE MYSTERY OF MIND

never spreads to its neighbors. The arrangement resembles that of
a cable of telephone or telegraph wires. The main substance of the
fibres consists in a watery solution of salts and organic matters,
while the insulating coating has a fatty composition. When the
fibre is in an unexcited state it carries an electrified layer all around
just underneath the insulation, but when excited this layer is par-
tially and temporarily destroyed. We shall have more to say later
concerning these interesting electrical phenomena which are mani-
fested by nerves.

Sensation and the Brain

To return now to the problem of internal sensation, it will be re-
called that this was found to demand the presence and activity of a
sensory nerve. The activity in question involves excitation and
conduction, paralysis of the nerve — as by cocaine — rendering both
of these processes impossible. Conduction is an activity which leads
away from the tooth, or other sensitive ending, towards the brain
or spinal cord and eventually stops at some definite terminus.
Hence we are impelled to ask how far the conduction must go in
order to make the sensation possible. The situation is such that we
are tempted to answer that the conduction must proceed as far as
consciousness, as if consciousness were located in some definite por-
tion of the body. However, we must be careful to avoid such an
answer as this, since consciousness is not the kind of a thing to be
located anywhere within the physical organism. Nevertheless, there
may be some part of the body which acts “as if” it were the “seat
of consciousness.”

In order to determine how far the conduction must proceed before
the sensation is possible, we can try the experiment of cutting or of
paralyzing the nerve at different points along its path. The results
show that interruption of the nerve activity anywhere between the
receptor and the brain has the same effect: there is no sensation no
matter how good the stimulus. The pain nerves from the middle
and lower regions of the body connect first with the spinal cord, a
very heavy nerve cable which is encased in the body vertebrae of
the spine. They reach the cord in smaller bundles which also carry
nerves of touch and temperature. However, within the cord all of
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the pain conductors are grouped together in a channel which is
separate from that carrying other nerve impulses. Thus, they pass
up the cord to a portion of the brain known as the ““thalamus.”
Now, if a nerve bundle is cut in advance of the cord there is loss of
all three forms of sensation — pain, touch, and temperature — for a
restricted portion of the body surface. But if the pain path in the
cord is interrupted, anywhere from the entrance of the nerve up to the
thalamus, pain alone disappears; although just as completely as if the
interruption were in the earlier sections of the conducting system.

We must conclude, therefore that pain sensation is only possible
when certain portions of the brain are set into activity. We may
still inquire, however, whether the brain activities alone are sufficient.
Is it necessary that the brain process should be set off by particular
nerve impulses coming from the pain paths of the spinal cord or
elsewhere? Well, ordinarily the brain does not excite or stimulate
itself so as to produce the activities which correspond to pain; but
in cases of tumour of the thalamus such self-excitation actually does
occur. In these cases consciousness is frequently filled with the most
terrific pains in the entire absence of any adequate causes in the
portions of the body where the pains are localized. We are thus led
to believe that the brain process is not only necessary but is suffi-
cient for the arousal of the pain.

However, our inquiry is far from being finished. The brain is a
large and complicated organ, through which nerve impulses run as
through a maze. Moreover, the impulses do not stop in the brain,
but pass out of it again on their way to the muscles and glands. We
must follow the impulses further along their devious paths. The
thalamus is a portion of the brain through which pass not only the
pain nerves, but nearly all of the other sensory nerves of the body.
The pain conductors have a definite center here, while the other
nerves merely pass through the thalamus as a way station en route
to the “cerebral cortex.”

The Cerebral Cortex

The cerebral cortex is the largest and most complicated nerve
junction area in the body. Tt is a sort of central switchboard for all
of the sensory nerves and practically all of the motor nerves.
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Within it all manner of interconnections can be established between
these two systems of conductors. In order to appreciate the sig-
nificance of the cerebral cortex it is necessary to understand that all
nerve connections which are made through the brain or the spinal
cord involve at least two separate nerve fibres. There is the in-
coming or sensory fibre and the outgoing or motor fibre. Between
them is a contact device, which may be compared with an electric
switch, which determines whether or not the impulse shall pass
over from the sensory to the motor nerve. This “contact device”
is apparently nothing more than a place of close proximity of the
tips of the two fibres, but it 1s so important that it has been speci-
ally termed a “synapse.” There is little doubt that microscopic
or chemical differences exist between synapses and other portions of
a nerve fibre, these differences being responsible for the peculiar
properties of the former.

It follows that the cerebral cortex is the most elaborate group of
synapses in the whole nervous system. The general purpose of these
synapses is to establish connections between sensory and motor
fibres, but such connections are ordinarily made through a compli-
cated series of synapses and fibres. Hence, if we trace the impulse
from the pain nerves, after it has passed through the thalamus, we
must be prepared to follow it through a number of synapses before
it emerges from the cortex along a motor fibre. There can be no
doubt that in nearly every instance the pain impulse does reach the
cortex, since it is only by this route that it can influence “volun-
tary” behavior. However, there is a difference of opinion among
authorities as to whether the presence of pain in consciousness re-
quires cortical nerve activity. Henry Head, the eminent British
neurologist, believes that the activity of the thalamus is sufficient.
The present writer’s view, on the other hand, is that pain — like
the majority of sensations — does not arise until the nerve current
reaches the cerebral cortex.

The Relation of Sensation to the Cortex

If we accept this latter view, we must go further and ask whether
all of the cortex, or perhaps only a small portion of it, is involved.
Does the sensation rest upon the activities of the fibres as wholes, or
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does it depend only upon the processes at the synapses? If the last
alternative is adopted, is the complete series of cortical synapses
concerned, or possibly only one member of the series? It is not
possible to give an entirely convincing answer to these questions on
the basis of proven facts. However, we can formulate an answer
which is the simplest and most harmonious with the facts which are
known. We shall not attempt at this time to give the answer in
detail. Such detail will be reserved for a later chapter. Neverthe-
less, a general solution of the problem may be stated as follows.

The nerve fibres and synapses of the cortex can be divided into
three broad groups. Firstly, there are the incoming fibres from the
sensory side of the nervous system, together with the synapses which
these fibres first form with other nerves in the cortex. Secondly, we
must consider these latter nerves with their special synapses. Fi-
nally, there are the outgoing fibres, connecting through their own
synapses with these same intermediate conductors. The cortex, in
other words, has a semsory, an Intermediate or associative, and a mo-
tor side. Now we have excellent experimental evidence that the
motor-side activities in the cortex are nof essential to the production
of sensation, and cannot by themselves arouse sensation. There
is also proof in certain cases that sensation —or a closely similar
form of consciousness — can exist in the absence of the sensory-side
activities. It would therefore appear that the associative fibres and
synapses of the cortex are the ones which are essentially responsible
for the presence of sensation in consciousness.

Ordinarily it is only possible to control the activities of the es-
sential portions of the cortex by regulating the incoming sensory
nerve impulses. However, the cortex apparently has a spontaneous
activity of its own which underlies such conscious processes as
imagination. Under abnormal conditions, as following the excessive
use of alcohol, these automatic activities are greatly intensified, so
that wvivid hallucinations result. These are not distinguishable
from true sensations except through their lack of correspondence
with external reality. In certain cases of surgical operation upon
the brain there have been opportunities for exciting the cerebral
cortex directly by means of an electric current. In such cases the
excitation was accompanied by sensation when the electrodes were
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applied to the sensory side of the cortex, but by movements only
when it was applied to the motor side. These sensations were not
localized in the brain, but in definite portions of the body outside
of the brain. However, the exact localization in the body was
determined by the position of the electrodes upon the cortical
surface.

When the nerve currents or impulses leave the cortex on the mo-
tor side, they pass outwards along the so-called motor nerves and
finally reach muscles or glands. Here they control the activities of
the organs in question. Paralysis of the muscular system or any
part of it is usually due to an interruption of the motor nerve im-
pulses. In such paralysis important changes occur in the form of
consciousness, but these changes are not referable directly to the
cutting off of the motor nerve currents. They are due, rather, to
the modified excitation of sensory nerves which start in the muscles
or other portions of the motor apparatus. The facts indicate that if
this secondary effect upon the sensory nerves did not exist, there
would be no modification of consciousness resulting from cessation of
the motor nerve impulses. It is for this reason that we are not
inclined to regard any of these outgoing nervous activities as signifi-
cant in the determination of sensation. Exactly similar considera-
tions apply to the activities of the muscles and glands, themselves.

We may summarize our investigation thus far by saying that
although the various internal sensations seem to depict directly the
condition of portions of the body external to the nervous system,
their direct determination actually lies within the cerebral cortex.
Unless the bodily conditions result in nerve excitation and unless the
corresponding impulse arrives at the cortex, there will be no sensa-
tion to correspond with the bodily condition in question. On the
other hand, if the cortex spontaneously reproduces within itself the
same activity which would normally follow from sensory causes, the
sensation will be given in consciousness regardless of the absence of
these causes. Accordingly, the relationship between the internal
sensations and the physiological organism seems to reduce to a
dependency of the sensations upon cortical processes. However,
we must continue to bear in mind the impossibility of identifying
the sensations with the cortical processes, since the latter are ex-
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clusively physical and hence concerned with electrons and protons,
while the former are non-physical in nature. It is quite evident to
anyone that the sensations are not located in the cortex.

The Relation of External Sensations to the Body

We must now consider the status of the external sensations in rela-
tion to organic activities. It is strange to find that an internal sen-
sation like a stomach-ache depends upon something going on in the
head. But it would be even stranger if we were to conclude that
colors and noises have a similar determination. Such a conclusion
would probably compel us to attribute external objects, as we see or
hear them, to brain activities. Even experienced space and time
would eventually succomb to the same sort of control. Nevertheless,
we must consider the experimental facts which bear upon these
questions.

If you are in a common-sense frame of mind, you do not have the
slightest doubt that the book which you see before you is something
which exists in its own right, and is directly perceived just as it
exists. However, if you are reading at night and someone extin-
guishes the light, there is no longer any visible book in consciousness.
Hence the existence of the book as a part of consciousness depends
upon light, or radiant energy of certain wave-lengths. The simple
experiment of closing your eyes will show why this is true, since
here again the book disappears. The light must pass into the eye
before the book can appear in consciousness. Within the eye there
are many complex activities, and if any one of these is seriously
disturbed, the book is modified or rendered non-existent as a con-
scious fact, a condition which we call “blindness.” The final out-
come of the processes occurring in the eye is the excitation of the
fibres in the optic nerve, and it has been shown in hundreds of cases
of blindness that in the absence of this excitation there can be no
book in consciousness except in instances of hallucination.

The optic nerve currents pass inwards through a number of nerve
“centers” or regions of synapses, and a large portion of the currents
ultimately reach the cerebral cortex. Experience shows that if the
impulses which are destined for the cortex are interrupted at any
point before they reach their destination, blindness results and books
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are no longer visible. The same effect is noted when the sensory-
side activities of the cortex itself are destroyed, as by disease of the
areas to which the optic fibres pass. Limited injuries to the visual
portion of the cortex produce corresponding “holes” in the seen
world. Complete destruction of the visual areas of the cortex yields
a type of blindness which impoverishes consciousness even more than
does blindness due to interruption of the optic nerve currents.

It is found, however, that if the cortical damage is strictly limited
to that portion of the cortex to which the optic nerve fibres are
directly connected, it is still possible for the patient to imagine or
to “think” in visual terms. But if some of the adjacent “associa-
tion™ areas of the cortical surface are also destroyed, the power of
visual imagination is lost. These facts suggest that the “book™ or
other seen portion of consciousness probably depends directly upon
the nerve activities which take place in the association regions and
only indirectly upon those of the cortical sensory areas. In other
words, as the nerve currents travel from the eyes to and through
the brain, the book appears in consciousness only when the currents
have arrived in the association zones. Concerning this proposition,
there may be some doubt, but it is certain that the seen book
cannot exist before the currents reach the cortex on the sensory
side.

The nerve disturbances which originate in the eyes — like those
emanating from the inner regions of the body — pass through the
brain and emerge along motor nerves on their way to muscles and
glands. We may therefore inquire whether these motor-side and out-
going currents are essential to the production of the book in con-
sciousness. The answer is similar to that given in the case of the
internal sensations. There is no evidence that nerve processes on
the out-going side have any influence directly upon consciousness.
In general, it seems difficult to imagine the possible nature of such
an influence. There is a definite correspondence, a similarity of
structure, holding between the fact in consciousness and the nerve
activities on the sensory side, but no fixed relationship can exist
on the motor side because of the great diversity of muscular reac-
tions which a single object may evoke. It is a fact of everyday
experience that the manner in which we react to an object exerts rela-
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tively little influence upon its appearance, except in so far as our
movements modify the relations of the object to our sense-organs.

External Sensations and the Corlex

Although we have shown that the activities of the cortex are
necessary in order that books and other visible objects should
exist in consciousness, we may still ask whether such cortical activ-
ities are sufficient for this purpose. Can we see a book without
having a physical book actually before the eyes? Ordinarily, we
cannot do this, because under these conditions the required cortical
activities do not take place. However, there are states of brain dis-
order in which the necessary cortical processes seemingly occur in
the absence of sensory causes. At any rate, in these states the pa-
tient sees objects clearly and definitely, and adjusts his movements
to them, although physically no objects are present. We say that he
is subject to an hallucination, because we believe ourselves to be in
a normal state and we cannot see the same things which he sees.
However, it is highly probable that the patient’s cortical processes
bear just as orderly a relation to his consciousness as do ours to
our consciousness. In this case, it is sufficient for the appearance of
any object in consciousness that its characteristic cortical accom-
paniment should be generated; the existence of sensory nerve currents
and a “real” or physical object is not necessary.

It is important that we should realize fully what we have done
when we have made the cortical process exclusively responsible for
the existence of the object in consciousness. It is quite clear that
the conscious object cannot be identified with the cortical activity
because as we have seen before the two things are utterly different
in kind. Tt is also impossible to think of the conscious objects as
being located in the cortex. It is quite obvious to you, is it not,
that the book which you see is not inside of your head? Even if it
did seem to be inside of the head, there would still be the difficulty
that the physical head — with its cerebral cortex —is not to be
found in consciousness. The relationship between the object in
consciousness and the cortical process is therefore of the sort which
a logician might call purely “formal.” Given the cortical activity,
the object exists; otherwise not; but we have thus far suggested
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no means for explaining their interdependency. This is part of the
mystery of mind which it is our purpose to set forth and, eventually
if possible to solve.

A book, as it exists in consciousness, must be regarded as a combi-
nation of external sensations. Ordinarily, the most important of
these sensations are visual and consist in a wvariety of colors, in-
cluding variations of light and shade. However, if we are holding
the book in the hand, touch and weight sensations are also involved,
and these combine with the wvisual impressions in the formation of
the total book. The book in consciousness is quite evidently not
composed of particles of positive and negative electricity, after the
formula of the theoretical physicist. There seems to be no legiti-
mate way in which we can allege that the book in consciousness
“really” has the nature assigned to a book by the physicist. If we
say that the electrons and protons are ““there” but do not “appear,”
this is only another way of denying that they are in consciousness,
Hence “there” must be somewhere outside of consciousness. We
do not need to deny the “reality” of the physical book, but we are
compelled to locate it in another world than that of consciousness.

The sensations which unite to form a book are put together in
a very special manner. They form a peculiar configuration or pat-
tern in conscious space: the book shape. Moreover, this configuration
— the book — is definitely localized in space: it is “before our eyes”
at a certain distance. This distance consists of a fixed amount of
space intervening between the eyes and the book. The book persists
or remains in consciousness over a period of time, and if not rigidly
held exhibits movements, as we turn the pages, etc. This persistence
and motion of the book give it a structure in time in addition to
the one which it possesses in space.

Now, when we affirm that the book in consciousness is determined
by nerve activities occurring in the cerebral cortex, we assert in the
first place that the sensations of which it is composed have a corti-
cal basis. But we must go farther than this and attribute the space
and time structure of the book to the cortical processes. The book
as a whole, in all of its aspects, is a creature of the cortical activity.
Disorders of the brain may modify the color or the weight of the
book. They may also distort its form and motions. They can
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change its localization in space. Moreover, they are capable of
distorting the space itself. The statements which apply to the book
must evidently apply likewise to the entire “external world” of
consciousness, of which the book is a part. No matter how “ob-
jective” this world may seem to be, its dependency upon the cortical
nerve process remains the same as that of the most “internal” among
the sensations.

Consciousness in General and the Corlex

When we have traced the relations existing between the physical
organism and sensations — internal and external — together with
their forms of combination, we have dealt with by far the greater
part of consciousness. However, there are a few other constituents
to be considered, such as thought, feeling and will. To these, we
may add memory, imagination and attention, which are special
phenomena of consciousness. All of these phenomena are character-
istically “mental” in classification, and we might readily suppose
that they lack a definite dependency upon physical processes, such
as those of the nervous system. Numerous philosophers have from
time to time advocated disbelief in a physical basis for such phe-
nomena. The facts, however, are not favorable to this disbelief.
They indicate that all parts and aspects of consciousness are alike
determined by nerve processes in the cortex.

The exact manner in which thought, feeling, will, memory, imagi-
nation and attention are related to the physical nerve activities in
the brain will be considered in later chapters. It will be recognized
in general that these phenomena correspond to processes which are
to a considerable degree independent of definite sense organs. They
represent a more or less spontaneous activity in the cortex. The
materials for this activity are usually provided by sensory processes;
as feeling attaches to given sensations or objects, and memory
faintly reproduces past impressions. We know, however, that any
of the six phenomena which we have listed are possible in the absence
of sensation. Observations upon brain disease show, on the other
hand, that each of these phenomena can be independently affected
or rendered impossible by special disorders in the cortex.

Thus far, we have been considering the relationship obtaining be-
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tween special portions of consciousness and the physical world. We
may summarize our conclusions by means of a few statements con-
cerning the relationships of consciousness as a whole. As we have
seen in our treatment of ‘“‘the nature of consciousness,” the internal
sensations, the external sensations, and the so-called ‘“subjective”
parts of our awareness all combine to form a single coherent struc-
ture or system. Although the boundary between the internal and
the external lies roughly in the body surface, as we experience it,
the division is not altogether sharp; while feeling, memory, atten-
tion, and the like play over the entire conscious field. Consciousness
is complex, yet at the same time integral or unified.

This unity of consciousness strongly suggests, if it does not prove,
that the physiological activity which determines consciousness must
also have a unitary character. If “thought” has a basis in the
brain, it is likely that the external world of our experience will
also have a similar, or at least a conliguous basis, because both are
parts of one consciousness. Somewhere in the physical world, some-
where in the organism, somewhere in the nervous system, somewhere
in the brain, there should be an integrated process which underlies
consciousness in its entirety. This process, like consciousness, will
be complex, although unified; and its various parts and aspects
will be individually related to the parts and aspects of consciousness,
We have decided, on the ground of known facts, that the physiolog-
ical activity in question is to be found only in the association areas
of the cerebral cortex.
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WE have seen in the preceding chapter that, although consciousness
appears to depend exclusively upon activities taking place in the
brain, the activities in question are themselves largely determined by
forces acting through the sense-organs. Sensations, external as well
as internal, are so called because of this dependency upon sense-
organs. It is true that the cerebral cortex is capable of acting spon-
taneously, and that such activity is sufficient for the production of
consciousness, but ordinarily there is comparatively little of this
spontaneity. Moreover, the seeming spontaneity of the cortex and
consciousness is almost wholly traceable to the persisting effects of
past sensory influences. Imagination, for example, seems to repre-
sent a process due to the initiative of the brain alone, but its ma-
terials and oftimes its exact form, are derived from past experiences.

There has been a great deal of controversy among psychologists
as to whether consciousness has any parts or powers whatsoever,
which are not derived from sensation. The view that consciousness
is wholly composed of sensations may be called sensationalism.
According to this view, such mental phenomena as thought, feeling,
will, memory, etc., are really sensory in character. They may con-
sist in special kinds of sensations, or possibly only in special forms of
combination of sensations which are otherwise known. Another
doctrine which is similar to sensationalism is called empiricism.
This latter doctrine states that whether or not consciousness is at
present reducible to sensations, it is nevertheless entirely a product
of sensation, past if not present. Those who have opposed these
views have been known as rationalists or intuitionists, and they have
been said to believe in the existence of innate ideas, or in some pro-
cess other than sensation by which consciousness or brain activity
is controlled.

79
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Teachings of the rationalistic type are still to be found in some
modern psychological circles. On the whole, however, modern
psychology is committed to sensationalism, or at least to empiricism.
The greater portion of consciousness is sensation, and what remains
is something very similar to sensation and derived from it. This
being the case it is important that we consider the nature and the
physiological basis of sensation in some detail. We shall then have
a firm foundation upon which to work out our conception of mind as
a whole.

The Nature of Sensalion

Psychologists frequently define sensations as elemends of conscious-
ness, without reference to the exact nature of the physiological pro-
cesses with which these elements may be related. For example, red
and pain are such elements, which can be recognized and named
without any knowledge of the physiological conditions for their
existence. The sensationalist regards consciousness as a mosaic
which is built up exclusively of elements of this sort. However, a
broader and more useful definition of sensation is one which intro-
duces the physical factors in the situation. It says that sensation is
that part or aspect of consciousness which depends in a fairly direct
manner upon the excitation of sense-organs. The study of sensation
is thus that of the relationship between consciousness and sense-
organ activities. This study is not limited to a consideration of
“elements,” but may also be concerned with form and change.
Thus, the red, white and blue in an American flag are sensory ele-
ments resting upon the manner in which the eves are stimulated by
light rays, but the shape of the flag is equally determined by the
light rays, as are also the waving motions which the flag commonly
exhibits.

A complete understanding of sensation demands a knowledge of
what Sherrington, the famous British physiologist, calls * the afferent
arc.” ‘‘The afferent arc” is the forward or ingoing portion of the
nerve conduction path which passes through the brain or other nerve
centers, and which begins at the sense-organ. The outgoing portion,
ending at a muscle is known as the “efferent arc.” We shall con-
sider the “efferent arc” in the next chapter, as a part of our dis-
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cussion of behavior. The two arcs join at the nerve center, and
together they form what may be called the total response arc. If we
confine ourselves to pure physiology, we do not need to introduce
the idea of consciousness into our study of the response arc. As
psychologists, however, we are forced to consider the interrelations
of the two. (See Fig. 7.)

One of the most complete and best understood departments of
sensation is that of vision. A somewhat detailed presentation of the
mechanism of visual sensation will serve as an example of the nature
and problems of sensation in general.

What Happens in “Seeing”

A thorough understanding of what happens when we see an object
demands that we start with the physical object, itself, rather than
beginning at the eye. The physical object, it will be borne in mind,
is quite a different thing from the object which is in consciousness.
Let us consider the case of a cubical block of wood, such as a child
might use as a plaything. Suppose that it is painted with the yel-
low pigment known as lead chromate. The block as a physical
entity consists mainly of a chemical substance called cellulose. This
material is arranged into cells and fibres corresponding with the bio-
logical structure of the plant from which the wood was originally
taken. The cellulose, itself, has a structure in terms of atoms of
carbon, hydrogen and oxygen; these being put together into a com-
plex pattern to form each of the billions of cellulose molecules which
compose the wood. Carbon, hydrogen and oxygen, however, are
nothing but aggregations of electrons and protons in three typical
forms of combination. The body of the physical block therefore re-
duces to a very complex structure of the fundamental electrical units.

The pigment which covers the block to a thickness of perhaps a
thousandth of an inch is similar to the block itself in general charac-
ter, except that its protons and electrons are put together in a some-
what different form. The pigment proper is made up of lead and
chromium atoms in addition to those of oxygen. If the pigment is
incorporated into a ‘“paint,” carbon and hydrogen atoms of the
linseed oil or other menstruum will also be present. The paint
layer is perhaps ten million molecules thick. Still, the entire object
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is just so many electrons and protons arranged in space in a pecu-
liar way. The pigment is not “really” yellow; it only “looks”
yvellow. Why it “looks” so is a problem in visual sensation, which
we must now consider.

In order that there should be wvision, it is not sufficient that a
physical object should exist before the eyes. There must also be a
source of so-called “light.” We say “so-called” because “light” is
more a psychological than a physical term. The thing corresponding
to light in the physical world is known as radiant energy, of a cer-
tain limited kind. Radiant energy is a disturbance of the fields of
force which surround electrons and protons, and representing the
attractions or repulsions which these particles have for one another.
The disturbance takes the form of a wave moving from one such
particle to others, along the intervening “‘lines of force.” Physicists
used to believe in the existence of a fluid called the @ther in which
such waves were produced and travelled, but now — under the in-
fluence of the Einstein theory — they are content to consider the
waves merely as moving disturbances of the electrical forces between
the particles.

Let us suppose that in our case the waves are due to the vibra-
tion of the electrons in the surface of the hot filament within an
electric incandescent lamp. The wave disturbance travels very
rapidly away from the filament and some of the waves strike the
block of wood. Here they penetrate the pigment surface to a depth
of perhaps a thousand molecules and set some of the electrons
within these molecules into vibratory motion. In generating this
motion the waves themselves are extinguished, because their energy
passes over to the electrons. However, the oscillations of the pig-
ment electrons generate new waves, which spread out from the
pigment surface in all directions. Now the original waves from the
lamp filament were of a large number of different lengths; but among
the new waves sent out by the pigment, there will be conspicuously
few of the shorter length waves. We say that the pigment absorbs
these shorter waves and reflecis the longer ones. This is part of
the reason why the pigment “looks” yellow whereas the “light”
which it received from the lamp is approximately ‘ white.”

At the instant when the wave disturbances first leave the pig-
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ment electrons, the physical block assumes a condition which it may
maintain throughout the act of vision; but there is still no vision.
The object in consciousness has still to come into existence. Before
this can appear the waves must pass through the intervening space
to the eye of the observer. They must traverse the transparent
substance of the eye and be bent — or “refracted” — by interaction
with the molecules of this substance, so as to form an image or light-
picture of the object upon the retina. The retina corresponds to
the sensitive film in a photographic camera. The “retinal image”
of the object which is thus produced is made up wholly of electrical
wave-disturbances which are similar in general character to those
which were sent off from the pigment surface. The image has no
color and it is neither light nor dark. It is simply a pattern of
electro-magnetic waves which vary in intensity or energy and pos-
sibly in average (wave-) length from one point to another.

The retinal image although a purely physical activity differs from
the object itself in not containing any molecules, electrons or pro-
tons. It also differs in shape and completeness; it is not a cube
but only a projection of a cube, representing the surfaces of the
object which face the eyes. If no surface of the cube happens to be
exactly perpendicular to the line connecting its central point with a
point mid-way between the observer’s eyes, all of the surfaces as
represented in the image will be foreshortened. The sides of the
cube away from the eyes have no representation. In addition to
these imperfections, there are other distortions which are due to the
so-called optical aberrations of the eyes. It may also be noted that
in case the object is fairly close the images in the right and left eyes,
respectively, will not be identical in shape. They will be two differ-
ent “perspectives” of the object from two separated points of view.

The fact that these images of the cube have been formed on the
retinas does not complete the act of vision. The observer, as yet,
sees nothing; there is no object as yet in consciousness. In order
that this should come into being the energy which is carried in the
images must excite or “stimulate” the retinas. This process is
believed to consist in the decomposition of a chemical substance
which exists inside of the retinal “rods and cones.” These rods
and cones are minute “receptor” mechanisms which are connected
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to the individual fibres of the optic nerves. They are present in
great profusion in all parts of the retina, except that the rods are

F1c. 4. RECEPTORS
AND THEIR NERVE Con-
NECTIONS.

Retinal rods and cones
and the “bi-polar™ cells
to which they transmit
their nerve currents.

absent in a small area which corresponds to
the region of most distinct vision; and here
the cones are packed very closely together. It
has been shown that the rods are the organs
of night vision, while the cones are responsible
for day vision and the discrimination of colors
(differences in wave-length) to which the rods
are not specifically sensitive. (See Fig. 4.)
The chemical process in the retinal “recep-
tors” follows the outline laid"down by the
image. Where the latter is of high energy,
the chemical reaction will be of high inten-
sity; where the image has low energy the
reaction will be correspondingly low. How-
ever, the chemical effect will not necessarily
be strictly proportional to the image energy;
it may follow a law of “diminishing returns”
as the energy increases. Moreover, it is a well
demonstrated fact that the rods and cones
vary in their general sensitiveness with chang-
ing light conditions. This process of adapta-
tion, as it is called, tends to compensate for
low or high illumination, so as always to
provide an adequate but never an excessive
chemical effect over a very wide range of en-
ergy values. Another way in which the re-
ceptor process fails to copy the retinal image
values appears in the fact that waves of dif-
ferent length have quite different powers of
setting off the chemical decomposition. In
fact, there is a wast scale of wave-lengths

which have no exciting effect at all upon the retina, regardless of
their energy. These include the “ultra-violet” and “infra-red” rays,
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“heat rays,

radio waves,” “X-rays,” and the “gamma rays” from

radioactive substances.
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Thus we see that although the retinal image determines the form
of the retinal excitation, it does so through a complex set of rela-
tionships, which necessitate that the excitation itself should be as
different from the image as the image is from the object. The reti-
nal excitation undoubtedly represents the original cubical block, but
it resembles the latter only slightly. And still there is no vision.

The influence now passes on from the retinal receptors to the
optic nerve fibres. Here a further change takes place in the repre-
sentation. It becomes even less perfect and complete than it is in
the retinal image. There are, of course, two optic nerves — one for
each eye — and each nerve contains about half a million individual
conducting fibres. However, this is far too few to provide a separate
conductor for each of the rods or cones, since there are many millions
of these in each retina. It is only for the central portion of each
retina — where cones alone exist and are packed closely together to
provide the most distinct vision — that “private lines” of con-
nection are provided. In other parts of the retina the connection
is made on the “party line” principle, a considerable number of
receiving organs being joined to a single optic nerve fibre. This
obviously means that there must be a sort of condensation of the
representation as it passes over to the optic nerves.

The Visual Nerve Activity

We shall not discuss here in detail the physical nature of the
nerve current, although this is quite well understood and is of funda-
mental importance in solving the “mystery of mind.” Because of
the great importance of this topic we shall reserve a whole chapter
for its consideration, below. It is sufficient now to regard the nerve
current as an electrical disturbance which travels along the individ-
ual nerve fibres like sound in a speaking tube or even water in a
pipe. There must be some aspect of the nerve current which is
variable in degree, so that we can speak of the strength or intensity
of the current in each fibre. It is also apparently necessary that in
some fibres the current should be capable of varying in kind or in
quality.

The exact intensity and quality of the currents in individual
nerve fibres must be determined by what exists at corresponding
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points of the retinal image or of the object. Nevertheless, the quite
different nature of the nerve process will mean that the properties of
such corresponding points cannot be the same in the nerve as in the
image or object. The factor which stands for energy of electron
vibration in the object will be some other species of physical activity
in the nerve. Wave-length in the radiant energy emitted by the
object will be represented by something different in the nerve proc-
ess, or at any rate the wave-lengths will not be the same in the
two cases.

The optic nerve currents which are set up by the reaction of the
retinal receptors to the image of the yellow cube must have a pe-
culiar form or pattern which is determined by the cube. The pat-
tern or distribution of the currents over the cross-section of the nerve
would be different if the object were a ball instead of a block. How-
ever, the pattern itself cannot be cubical in the case of the block
and could not be spherical in the case of the ball. In other words,
for each specific object there is a definite nerve current formation,
but this formation never duplicates the object. The importance
of this principle, as we shall see, is that consciousness can get its
clue concerning the nature of the object only from the character
of the nerve current pattern; and this latter is merely a kind of
symbol of the original reality which stands before the eyes.

As the currents flow along the optic nerves from the eyes towards
the brain their pattern formation changes under the control of the
fibres along which the currents pass. One of the most important
changes occurs at the optic chiasma, which is the junction point of
the two optic nerves. Here the currents from the two eyes are
brought together and are then rearranged in a very surprising
manner. The fibres coming from the right hand sides of both retinas
are grouped together and pass into the right hand side of the brain.
In a similar way, those connecting with the left hand sides of both
retinas go to the left hand side of the brain. Some fibres from the
centers of both retinas find their way to both sides of the brain.
In any one of these groups the fibres from similarly situated retinal
points run in close proximity, but their currents do not actually
combine to form a single current in spite of this proximity. After
the currents leave the chiasma they travel in the so-called optic
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tracts, which are nerve fibre cables embedded in the substance of
the brain. (See Fig. s.)

The peculiar rearrangement of the nerve currents which occurs at
the chiasma means that the representation of the cube is divided into
halves at this point. The left hand portion of the cube is repre-
sented by the nerve currents e
in the right-hand optic _
tract, while the right hand
portion is represented in the
left-hand optic tract. The
reason for this reversal of
side between object and
brain lies in the fact that
the rays cross from one side
to the other when they enter P i
the eyes. The representa- cxicaeom
tion in each optic tract is
duplex, although one-sided,
since there are currents from
corresponding points of both
eves. In the case of a small
area of the cube, at which %’“ _
we are directly looking, a S “.‘ ; P :

complete representation is AETING
present in both optic tracts, _ F16. 5. THE Pata oF THE VisUAL NERVE

; : CurrentS. (This figure is reproduced from
It is evident that the re- Quain’s Elements of Anatomy, Vol. 3, Part
semblance of the nerve cur- 1, 1908, p. 240.)

rent pattern to the original  The nerve currents start in the two retinas,

cube has been still further shown at the bottom of the figure and pass to
the brain along a system of parallel paths, as
reduced. And even now there o un sl # g

is no object in consciousness.

As the currents pass on along the optic tracts they are again
divided on each side into two groups, making four groups in all.
This subdivision probably involves currents representing all of the
different portions of the object rather evenly, so that the representa-
tions on each side of the brain are now roughly in duplicate. How-
ever, the split is nof such as to separate the right and left eye
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currents from one another again. One of the new lines of conduction
on either side passes to a relatively internal brain center, while the
other ends in a more external center. We say “ends” because at
these “centers” the conducting fibres which start in the retinas come
to a termination anatomically. However, the currents are passed
on to new fibres which begin in the centers in question and connect
with other centers further along.

The currents which pass through the “internal” centers can ap-
parently be neglected so far as consciousness or the psychological act
of seeing is concerned. They serve as a basis for unconscious or
automatic regulations of the eye, such as the contraction of the
pupil, and winking when an object approaches the eye. However,
the currents which take the path through the “external” center go
directly to the cerebral cortex, and are responsible for the brain
activities which underlie consciousness. The “cortex,” as the
derivation of the name indicates, is a skin-like coating of that por-
tion of the brain known as the cerebrum, so that connecting with
the cortex means connecting with an area or surface. The nerve
fibres, with their currents, approach the cortex much as the radii of
a sphere are related to its surface, or the supporting members of an
umbrella frame work to the top cover. Accordingly, this portion of
the nerve path is known as the optic radiation.

Vision and the Cortex

To aid imagination, the form of the cerebrum may be compared to
that of the kernel of a walnut (although it may be doubted whether
an accurate knowledge of anatomy lies at the basis of current
colloguialisms). The two halves of the kernel, placed vertically,
represent the two cerebral ‘“hemispheres,” while the surface irregu-
larities may be compared with the convolutions and fissures of
the cerebrum. The visual currents are conducted to a portion of
the cerebral cortex which corresponds to surfaces of the walnut
kernel facing one another along the central plane of cleavage be-
tween the two halves. The currents from the right-hand optic
tract naturally go to the right hemisphere, while those from the left-
hand track pass to the left hemisphere. The small central regions
of the two retinas are represented upon both hemispheres.
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In spite of the wide difference in form and contour which exists
between the retinal surfaces and those of the cerebral hemispheres,
the correspondence between the two is quite definitely determined.
Each point in the retina connects with a specific point in the cortex.
If a small portion of the cortical surface is destroyed, blindness is
produced over a correspondingly small portion of the field of vision.
There have been many opportunities to study this local blindness in
cases of injury to the brain due to wounds received in battle; and
such studies have shown exactly how the retinas are connected to the
cortex. These observations leave no doubt that when the eyes are
looking at such an object as a yellow cubical block, there is a per-
fectly definite pattern of nerve currents arriving at the cortical sur-
face. However, this pattern has practically no resemblance to the
original object. (See Frontispiece)

The question now arises as to whether the nerve conduction has
gone far enough to generate an object in consciousness. When the
currents first arrive at the cortex, the brain has received the in-
formation which it needs to complete the act of vision. The ma-
jority of psychologists seem to believe that the conscious object
arises at this moment. However, there is plenty of evidence that
mere reception of the currents at the cortex is not sufficient to make
the perceived object complete. In order to introduce those features
of the object which are due to its familiarity, the currents must
spread over the cortical surface, and be influenced by the physical
records in the cortex which correspond to memory. Psychological
analysis shows very clearly that objects as they are presented in
consciousness are affected to a very great degree by such memory
records. Hence the present writer is of the opinion that the con-
scious object does not arise immediately the nerve currents strike
the cortex, but only after they have spread over its surface perhaps
a considerable distance. In this spreading, the form of the nerve
activity probably diverges even more than previously from the form
of the actual object before the eyes.

Whatever may be the exact phase of the cortical conduction which
gives rise to the object in consciousness, it is certain that the nerve
currents do not have to pass beyond the cortex in order that this
should occur. The object snaps into being as the currents traverse
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either the sensory or the association regions of the cerebrum. But
the object, itself, is not in the cerebrum. It is in consciousness, and
consciousness is not in the cerebrum. The relation between the
conscious object and the nerve current pattern in the cortex creates
a profound mystery. There can be no doubt that one determines
the other, but how we shall not attempt to say, here. Later on we
shall offer an astounding explanation.

We ordinarily think about the object in consciousness as if it
could be identified with the physical object which is before the eyes.
It should already be quite clear to the reader that such an identi-
fication is utterly impossible. The two objects are vastly more dif-
ferent than black and white. Black and white, and colors in general,
are properties of objects in consciousness, but physical objects must
be conceived wholly in electrical terms. Nevertheless, there is a
relation of a fairly definite kind between the psychological and the
physical objects. Given a physical block before the eyes, we ordi-
narily have a block in consciousness, if the wvarious conduction
processes which we have just described function properly. In a state
of hallucination or illusion the block exists in consciousness without
these processes, and in blindness the physical object is present in
the absence of the “conscious” one but commonly their relationship
is quite reliable.

Sensation vs. Perceplion

Now, the problems of semnsation and perception in psychology, as
the writer sees them, are mainly concerned with a study of this
relationship. They are not confined, of course, to the visual example
which we have been considering. We could trace out a similar
scheme of things for hearing, for touch, for taste, for smell, or for any
other set of nerves which carry currents to the brain. In each case
there is first some physical object or condition which arouses or
stimulates a sense organ. This is followed by excitation of the
attached nerve fibres and the resulting nerve currents follow a
devious course along these fibres until they finally reach the cerebral
cortex. Only after the currents have arrived at the cortex does the
corresponding sensation or object appear in consciousness. The
problem of sensation is not so much that of the kind of phenomenon
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which arises in consciousness, as it is that of the manner in which
this phenomenon is determined by the response of the sense-organ.
It is clear that this determination is indirect, since it occurs only
through the medium of a tortuous channel of nerve conduction.

In order to draw a clear line of demarcation between sensation
and perception, we may say that perception is concerned with the
relationship which exists between the physical object and the object
in consciousness; while sensation concerns the manner in which the
object in consciousness is determined by the stimulus, the sense-organ
activity, and the beginning of the nerve conduction. The object
in consciousness purports to represent the physical object, and in so
far as it succeeds in doing so it is a perception. On the other hand,
in so far as it represents the peculiarities of the sense-organ, and
its affiliated processes, the object in consciousness is to be regarded
as sensation,

The situation which we have to consider here may be compared to
that which exists in the organization of a daily newspaper. The phys-
ical objects or conditions correspond to the world of things, men,
and events which the newspaper attempts to describe. The sense-
organs resemble the reportorial staff of the newspaper, the means by
which the reporters gather the news being the stimuli. The agencies
through which the reporters communicate the news to the office of
the paper may be compared with the conducting nerve fibres. These
agencies include the mail, the telegraph, the telephone, etc. At
the office of the paper there are editors who select and modify the
“copy” which is sent in by the reporters. They also make contri-
butions of their own. These editors may be likened to the cortical
conditions underlying memory, interest, attention, etc., which play
an important part in determining the exact form of the final cortical
activity which directly corresponds to consciousness. This final activ-
ity may be compared with the electrotype from which the paper
is printed, and consciousness corresponds with the paper itself.

In terms of this analogy, perception is the truth about the world’s
events in so far as the paper actually succeeds in telling it. Sensa-
tion is that part of the telling which is determined by the peculiari-
ties of the reporters and the means by which they work. For
example, the same event can obviously be described in many dif-
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ferent languages or, in the same language, by a wide variety of
words. Different reporters will perceive and emphasize different as-
pects of the event, and this will depend upon the particular sources
of information which they have, as well as upon their own powers of
observation or interests. In a similar manner, the nerve currents
which reach the cortex from different sense-organs which are in
contact with the same object represent different aspects of the ob-
ject, and the representation differs in its medium. Vision records
the optical characteristic of the object in terms of light and color,
while hearing is a response to acoustic properties in terms of noise
or musical tone. However, in so far as the various representations
are ‘“true” thev are consistent with one another and can be com-
bined into a single true perception.

The Problem of Visual Perceplion

As a concrete example of these principles, we may consider some
of the problems which arise in connection with ‘““seeing an object.”
The first question which we may ask is as to whether we see the
object in consciousness or the physical object. It is certain that the
former is the only one with which we have direct acquaintance, since
it is quite clear that the latter is not in consciousness. However,
there seems to be little significance in saying that we ‘“see’ the
object in consciousness, since this adds very little to the more gen-
eral statement that the object in question is a part of consciousness.
We may therefore state simply that we have this object, or that it is
present. The predicate of “being seen” seems therefore to be re-
served for the physical object which is in front of the physical eyes.
To be seen consequently means: to send off radiant energy, which
enters an observer’s eyes, stimulates his retinas, arouses optic nerve
currents, which are transmitted to the cerebral cortex, whereupon a
visual object appears in consciousness.

The problem of the relation of the visual object to the thing seen
is that of visual perception. The first kind of relationship which we
are tempted to consider is that of similarity. To what degree does
the object in consciousness resemble the physical object? Only in
so far as such similarity exists, can vision be said to provide us with
real ipformation or “knowledge” of the seen object. However, it is
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evident from our previous discussion that the similarity is compar-
atively slight. In the first place, any similarity which exists is
evidently restricted to structure and excludes substance. The sub-
stance of our physical cube or block is negative and positive electric-
ity, while that of the cube in consciousness is color (including light
and shade as well as yellow). These two substances seem to be
utterly different in kind.

The structure of the two objects, however, apparently offers cer-
tain points of similarity. The object in consciousness is evidently
one kind of a cube, since we are able to call it by that name. The
physical object is also defined as a cube. Nevertheless, it is readily
proven that the two cubes are of different kinds. Even if we forget
all about Einstein and his peculiar conception of physical space, it
is evident that the visual cube is a cube-from-a-certain-point-of-view,
while the physical cube is independent of any particular point of
view. Although the visual cube “looks” cubical, it has front and
rear faces which differ radically from each other in that the former
are vividly present while the latter are only faintly delineated, if at
all. There is nothing about a physical cube to distinguish its front
and rear faces in this way. The fact that there is an observer some-
where in its vicinity does not alter the cube, or spoil its perfect sym-
metry.

Another radical difference between the structures of the two
cubes lies in the fact that the physical cube is made up of a vast
number of very tiny particles which are separated by relatively
enormous empty spaces, whereas the visual cube is not broken up
and is uniform in substance. The particles are in violent motion,
but no such motion appears in the object which is in consciousness.
In general, all of the properties of the physical object which the
physicist has been compelled to “discover” are evidently not mani-
fest in the everyday visual representation. If they were thus man-
ifest, they would not need to be “discovered.”

Nevertheless, if the physicist actually has discovered these prop-
erties, and knows what he is talking about, he must somehow have
developed a representation of the object which is more faithful than
is the everyday visual representatoin. He has done this by con-
sidering what is common to many separate views or “sights” of the
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same kind of physical thing. Not only this, he has brought to-
gether the deliverances of all of the senses, and has elaborated his
sensory relations with the object by means of instruments such as
the microscope and the chemical balance. Logic and imagination
have played their part, too. The result is a synthesis and refine-
ment in the form of the physical idea of the object, which is as
truthful a representation as we have yet been able to develop.

Just this same kind of a process takes place in what the psychol-
ogist knows as perception, in general. The visual object in our con-
sciousness is not the product simply of the nerve currents which are
flowing into the cortex along the optic tracts at the given moment.
The form of our consciousness is influenced to a much greater ex-
tent that we would readily believe, by past currents which have
flowed in along these same channels. But not merely along the
visual channels. If we are touching, or ever have touched the object
in question, the nerve currents or records from the touch sense com-
bine with those of vision. And so with all other kinds of sensation
which relate to the given object. All combine into a synthetic
whole which is presumably more accurately representative of the
real nature of the physical thing than are the deliverances of any
single sense, taken alone.

Thus, the outside world influences the brain through a great
multiplicity of separate nerve channels. These separate inflowing
currents are reassembled in the cortex and underlie as good a con-
scious representation of the original facts as the total information
will permit.

The Problems of Visual Sensation

If we undertake to analyze out the separate contributions of the
individual sense channels, we embark upon the study of sensation.
The problems of sensation in the case of vision are concerned pri-
marily with color (including light and shade) and the determination
of the form of the visual object by that of the retinal images. We
find in the typical human consciousness, six distinct primary colors:
black, white, red, vellow, green and blue. All other colors can be
regarded as compounds of selected groups of these primaries. In-
vestigation shows that physical objects have no properties which
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correspond accurately to the different colors. The radiant energy
which is emitted or reflected from such objects is characterized by
wave-length and intensity, and if the conditions of the eye, the
optic nerves, etc. are held constant, these properties of the radiant
energy determine the color of the object in consciousness. How-
ever, under many practical as well as experimental conditions,
colors show a very variable relationship to wave-length and inten-
sity; so that we are led to believe that they depend more funda-
mentally upon the chemical processes which take place in the retinas
than they do upon the nature of the physical object or of radiant

ULTRA-V/OLET VIS/IBLE RAYS INFRA-RED

Fic. 6. TrE “Visieiiry Curve.”

This curve shows how the response of the eyve varies with the wave-length of
light, when the physical energy or intensity of the rays remains unchanged.

energy. The working out of the vastly complicated system of re-
lationships between colors (as parts of the conscious object) and
what happens in the eye constitutes the fascinating problem of
color sensation. (See Fig. 6.)

The problem of viswal form semsation is often included by psy-
chologists in the discussion of perception. This may be in part,
because it involves a combination and synthesis of the nerve cur-
rents received from the two eyes. The basis for this synthesis
appears to lie in the fact, which we have already noted, that the
nerve currents from similar points on the two retinas are carried to
closely adjacent points on the cerebral hemispheres. However,
the relationship obtaining between the shape of the visual object
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in consciousness and that of the image upon a single retina is of
even more fundamental importance. We have suggested some of
the problems involved in this relationship, as we endeavored above
to trace the conduction of the nerve currents which were set off by
the yellow block placed before the eyes.

It is not within the scope of the present book to enter into any of
these specific problems of sensation or perception in detail. Our
purpose in this chapter has been to employ the visual instance as an
illustrative example of what the psychologist is working on under
the captions in question. It is hoped that the reader will appre-
ciate from the above discussion what an enormously complicated
field of research is here open to investigation. Although vision is
perhaps the most complex of the senses, the other departments of
sensation present very intricate and definite situations for our
consideration. Vision has been studied more than any other sense,
but is so far from being thoroughly understood that our knowledge
of it can be regarded as being in a medieval condition. For the
non-psychological layman, there is no mystery in sensation, because
he is not aware of the existence of the relationships which we have
been endeavoring to describe. The more we delve into these rela-
tionships, however, the more full of mystery they become.

The mystery of mind begins with the mystery of sensation. The
nerve currents which are poured into the cortex by the sense organs
are the formative agencies for all consciousness. They furnish the
cortex with its driving energy and with its only fundamental guid-
ing influence. Therefore it is correct to regard sensation, as we have
defined it, as the foundation of mind. We may now proceed to
consider some of the things which are built upon this foundation.



CuartEr VII
BEHAVIOR AS THE EXPRESSION OF MIND

AMERICAN psychologists have recently been much excited by a move-
ment in their science known as behaviorism. According to the expo-
nents of this doctrine, the true function of psychology is to study
the behavior of men and animals. The problem is that of exactly
what men and animals de under varying conditions, rather than
that of what they sense, perceive, feel or think. Behaviorists vary
in the degree of violence with which they attack the more con-
ventional forms of psychology. John Watson, the leader of the
movement, says that he does not know what consciousness is, and he
therefore denies that psychology has any concern with such topics
as feeling and thought. Other less radical behaviorists admit the
existence of consciousness, but claim that it cannot profitably be
studied by scientific methods. A very considerable number of
American psychologists are behaviorists to some degree, in that they
tend to deprecate the study of consciousness and to emphasize that
of behavior.

The importance to psychology of the study of behavior can hardly
be overestimated. However, a denial of the importance of an under-
standing of consciousness seems to be quite absurd. The only state-
ment which can be more absurd is a denial of its existence. If there
is no consciousness there can be no experience, no knowledge, no
science; hence no behaviorism. As for the importance of conscious-
ness, how can unconscious beings or processes be subject to such a
qualification as importance? The question of importance only arises
because of the bearing of facts or ideas upon consciousness. Hence it
would seem that consciousness itself is the most important of all
things. Next in importance is an understanding of the relations
between consciousness and the rest of the universe. This con-
stitutes the “mystery of mind,” which it is the true function of
psychology to solve.

97
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How are Bodily Movements Controlled?

In the preceding chapter we have sketched the relationship
which obtains between consciousness and the first half of the nerve
conduction path. It is now our privilege to consider its relation to
the last half of the same path. Consciousness seems to be controlled
directly by what happens at the point of junction of these two halves
of the path; but it naturally has an indirect relationship to processes
taking place throughout the nerve path. For the forward half this
relationship involves us in the study of sensation and perception.
For the rearward half, it leads us to consider wvolition and action.

Now, this so-called rearward half transmits the nerve currents
from the cerebral cortex to the voluntary muscles of the body. The
movements of these muscles are controlled entirely by the nature of
the nerve currents in question. Indeed, even the quiet postures of
the body are due to the inflow of accurately determined nerve
impulses. Whatever a man is “doing” therefore depends upon the
character of the excitation which the outgoing nerves receive at the
cortex. There are, of course, certain simple kinds of behavior which
are controlled by nerve centers other than the cortex. Breathing,
the movements of the stomach, the contraction of the pupil, and
similar “reflexes” are governed by nerve currents which pass through
junction points in the lower brain regions, the spinal cord, or even
the solar plexus. But, however important these automatic move-
ments may be to the physiologist or behaviorist, they are of minor
interest to the psychologist just because of their relative inde-
pendence of the cortex and their consequent lack of correspondence
with consciousness.

We ordinarily think of the movements of our body as being
caused by certain processes which go on in our consciousness. We
believe that the muscles are obedient to a mental operation called
“will.” If we are Christian Scientists, we go even farther and hold
that a sufficiently powerful will can control any bodily condition
whatsoever. Now the psychologist is naturally concerned to find
out what “will” is and how it works. The task has proven difficult,
or at any rate the conclusions which have been reached are consider-
ably at variance with the common-sense view of the situation.



BEHAVIOUR AS THE EXPRESSION OF MIND 99

Let us first consider the problem of bodily movement from the
purely physiological side; that is, without any reference to con-
sciousness. In other words, for the time being let us become be-
haviorists.

The Nature of “Response”

When a man acts, he ordinarily does so because of some stimulus
which is influencing or has influenced his sense-organs. He re-

Fic. 7. DiscrAM oF VISUAL RESPONSE.

Showing symbolically the sequence of events when we react to things seen.
1 is the object, which reflects light, 2z (the stimulus to vision). 3 is the “sense
organ process,” refraction of light in the eye; while 4 is the “receptor process,” the
photochemical response of the retinal rods or cones. 5 is the stimulation of the
ingoing nerve, and 6 is the conduction along this nerve. At 7 the central or “syn-
aptic process” occurs, this being followed by the outward conduction, 8, which acts
upon the muscle at g. 10 is the contraction or relaxation of the muscle and 11 is
the effect produced upon other portions of the body or its environment.

sponds to some definite object or condition in his environment. Thus,
when he sits down, he does so because he sees a chair. He may also
do so because he sees food on the table in front of the chair, or
because he has heard someone say that dinner is ready. In any
case, certain sensory stimuli have set off his action. Very frequently,
the stimulus is due to a condition of the body itself, as would be
the case if the man sat down at the the dinner table because he was
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hungry. Hunger is a sensation derived from stimulation of the
sense-cells in the wall of the stomach.

The total process or series of events by which an object sets off
a muscular movement may be called response. This process can be
regarded as a continuous chain of influences which flows through
nerve channels from stimulus (sense-organ) to muscle. In our dis-
cussion of sensation we have indicated its details from object to
cortex. The fact that consciousness arises or is modified as the
influence strikes the cortex does not affect the fact that the process
is routed through the cortex for the outward path to the muscles.
The pure physiologist and behaviorist is ignorant of the existence
of consciousness and its association with the currents which are
passing through the brain. Thus, the cortex is only a way station,
the real terminus being the voluntary muscles. Kesponse includes
this whole activity, but excludes (without denying the existence of)
consciousness. (See Fig. 7.)

The most interesting general feature of response is the manner
in which it connects definite movements or postures with specific
objects (conditions or situations). Thus, we respond to chairs by
sitting in them, rather than by trying to lie down on them, this re-
action being reserved for a bed or a couch. We furn knobs on doors
but pusk down or lift latches. We eat apples, but not round stones
of equal size. This specificity of response, as we may call it, does
not appear to follow any natural mechanical law. Thus, the move-
ments involved in sitting down in a chair cannot be deduced from
the shape of the chair-image which is cast upon the retina. It
would be even more difficult to deduce them from the condition of
the stomach wall which brings forth the sensation of hunger. It is
evident, however, that the connection of movement with stimulus is
ordinarily such as to favor the continued existence of the individual
or the species. This is not always true, of course, since some per-
sons intentionally and others accidentally make movements which
lead to their deaths.

The Corlex as a Swilchboard

In order to account for the specificity of response — the tendency
towards a fixed connection of movement with stimulus — we must
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regard the cerebral cortex as a kind of central switchboard through
which arbitrary connections are made. Definite kinds and patterns
of nerve currents arrive at the cortex from the sense-organs. These
may be compared to telephone subscribers who are making calls,
or to their communication with the central operator. Equally
definite nerve currents leave the cortex for the muscles, and these
may be regarded as analogous to calls made by the operator. At

Fic. 8. SExsory, MoToR AND ASSOCIATION AREAS OF THE CEREBRAL CORTEX.

The figure shows the brain as it appears, undissected, when viewed from the
left-hand side. (Adapted irom Ladd and Woodworth)

the cortex, as at the central telephone exchange, incoming and out-
going messages are directed along lines which are wholly due to the
particular central connections which are established. The question
as to how such connections are made is a very important one and
will be discussed in detail in a subsequent chapter. (See Fig. 8.)
When we think of connections between sense-organs and muscles
being made in the cortex according to the analogy of a telephone
switchboard, we are of course indulging in over-simplification. Tt
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cannot be doubted that such connections are actually made, but
the process is not merely that of linking a particular set of incoming
fibres with an exclusive group of outgoing fibres. This must be
true, because a chair and a tree both excite many fibres of the optic
nerve in common. Indeed, we always see a chair or a tree in a
larger environment; and this total situation acts upon all of the
optic fibres. Thus, practically any visual reaction rests upon the
simultaneous activity of the entire visual system. However, these
activities differ in kind, in degree, and in form. It is these
latter three characteristics of the nerve process, therefore, which
must determine the outgoing currents from the cortex. Certain
movements must be connected not with particular sensory fibres,
but with certain kinds, degrees and forms of incoming nerve cur-
rents.

Entirely similar statements apply to the outgoing currents. Al-
most all muscular reactions involve a very large number of muscles
simultaneously, or in an orderly succession. In a sense, the com-
plete musculature of the body is concerned even in the smallest
local movement, since such movements usually cannot be success-
fully executed unless the body is held in a definite posture. For
example, as I write upon the typewriter at the present moment,
the work is done mainly by movements of the fingers, but would
be impossible if the arms and body as a whole did not remain
accurately placed before the machine. Accordingly, we must say
that the nerve currents which leave the cortex to set off different
movements, are differentiated in kind, degree and form, rather than
in the mere identity of the nerve fibres along which they pass.

Excitation “ Patterns”

In order to permit a condensed statement of the principles thus
involved, let us employ the word pattern to stand for the combinaton
of “kind, degree and form.” A “pattern” is a definite arrangement
of elements which may differ quantitatively or qualitatively or in
both ways. Thus, an American flag is a pattern in which different
points vary in color (quality) and in brightness (quantity). The
group of nerve currents which are generated in the eye and trans-
mitted to the cerebral cortex in the act of looking at the flag, con-
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stitute another pattern. When we take off our hats to the flag,
still a further pattern is concerned, the pattern in which our mus-
cles are excited. This muscle movement pattern is determined by
the pattern of the nerve currents which leave the cortex. (See
Frontispiece)

We may speak of the pattern of incoming currents at the cortex as
sensory, while that of the outgoing currents may be called motor. In
these terms, the connections which are established at the cortical
switchboard are not mere linkages of individual conducting fibres,
but are associations of semsory and motor paiterns. If the pattern
which comes in along the optic nerve represents a chair, the pattern
which goes out along the motor nerves represents sitting down. It
is evident that the mechanism in the cortex which links patterns in
this way must be a very complicated and ingenious one.

The Relation of Behavior to Consciousness

The above suggested explanation of how bodily movements are
controlled is apparently quite different from the common-sense ex-
planation. The latter view introduces consciousness into the proc-
ess. It states that after the nerve currents have reached the brain
so that we perceive an object or situation, we decide to act in a
certain way, whereupon the appropriate muscular movement follows.
Perception and decision are mental events which are supposed to be
inserted between the incoming and outgoing cortical currents.

The majority of modern psychologists reject this common-sense
explanation as being no explanation at all since it introduces more
mysteries than it solves. It is much easier to understand how one
set of nerve currents can act upon another than to comprehend the
manner in which they might influence consciousness or in which
consciousness might control the nerve currents. Nevertheless, no
one can deny rightfully the fact that perceptions and decisions
actually exist. No one can deny, moreover, that they are definitely
related or correlated with what happens in the nervous system.
Certain perceptions accompany certain incoming currents, and
certain decisions accompany certain outgoing currents. The only
question at issue, therefore, is as to whether nerve currents can
cause events in consciousness and vice versa. Some philosophers



104 THE MYSTERY OF MIND

have thought that this action can work one way but not the other.
There seem to be more scientific reasons for believing that the
brain processes regulate consciousness than that consciousness can
regulate the brain processes. This is because there is apparently no
basis for consciousness except in the brain activity; whereas out-
going nerve currents find an entirely adequate basis in the incom-
ing currents as they are modified in passing through the cortical
switchboard.

Important as this problem is for a complete understanding of
mind, we shall not attempt to solve it at present. It will be con-
sidered again in a later chapter. For the time being we shall con-
fine ourselves to known facts and adopt a point of view which is
not very far removed from that of common-sense. According to
this view behavior can be regarded as an expression of consciousness,
even if the behavior is not actually controlled by consciousness
through a strict law of cause and effect. Voluntary action follows
the dictates of consciousness, whether or not it is dragged by them.
We may admit that nerve conduction through the brain takes a
path which is determined entirely in a physical way, without con-
scious interference or assistance. Nevertheless, such of these nerve
currents as pass through the cortex are in perfect harmony with the
then existing demands of consciousness.

Just as the study of sensation (and perception) involves the
relation between the first half of the nerve path and consciousness;
so the science of behavior is concerned with the relation which holds
between the last half of the same path and conscious events. It is
to be admitted that this conception of behavior differs from that of
most behaviorists, who tend to eliminate consciousness altogether.
However, it enables us to attach to the word behavior a significance
which is greater than that of mere mechanical movement of the
body. It concerns also the manner in which these movements are
related to our perceptions, feelings, memories, desires, etc.

Having established these preliminary principles, we may proceed
to consider some of the actual relations which exist between con-
sciousness and movement. Some of the older psychologists regarded
consciousness in a manner which made it seem to be a sort of
spiritual entity divorced from the practical affairs of life. Therefore
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it came as quite a revelation when William James and some of his
followers developed the so-called ““motor theory of consciousness,”
in which they insisted that consciousness tends constantly to express
itself in movements, and finds its meaning in such activity. This
“motor theory” has evolved into the functional psychology of the
present day. The functional psychologist is interested primarily
in the bearing of different kinds and forms of consciousness upon
bodily movement, and he believes that every feature of consciousness
has a relationship to some specific kind of behavior.

We can appreciate that the “motor theory” is a very reasonable
doctrine when we realize that cerebral activity (with which con-
sciousness is directly associated) is part of a mechanism whose sole
function is the control of muscular movement. Of what use are
sense-organs if they do not enable us to adjust our movements more
accurately to our environment than we could without them? The
same query applies to the inward conducting nerve fibres, and to
all of the central nervous transfer regions, such as the spinal cord
and the brain. Consciousness should act, in many respects, as if
it were one of the links in this mechanism. This is because it is
determined in a definite way by the cortical process, which actually
15 such a link.

Perception and Behavior

When we view consciousness from the point of view of behavior
we find that even such a thing as perception has “motor signif-
icance.” The objects which we perceive correspond to objects to
which we can definitely and specifically react. Our ability to move
in a definite and characteristic manner with respect to them is
largely concerned in defining or delimiting the objects themselves.
Thus, a chair and a bed are regarded as fwo objects and are per-
ceived as such because they demand different muscular reactions.
Physically, they might be considered as forming a single more com-
plex object. Similarly, situations and relationships which we per-
ceive in a clean-cut fashion always have some definite movement
demands. A nail sticking into an automobile tire may be taken as
an example. This does not differ greatly in physical form from a
twig growing out of the round limb of a tree, but we do not “es-
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pecially notice” the twig because it does not demand any special
practical reaction.

What we have previously called “objects in consciousness” may
be regarded as psychological units with respect to which our be-
havior is governed. At any moment our behavior is centered
about some particular object or group of objects. Thus, if we are
driving an automobile our movements are regulated with respect to
successive objects which may obstruct our path. If the car stalls,
our reactions concentrate upon the motor and move from one
object to another under the hood until we find the cause of the
trouble. At each moment the center of our consciousness contains
a representation of the object in question.

I'magination and Association

Sometimes the object with respect to which our movements are
being adjusted 1s not actually being presented to our senses. This
is the case, for example, when one is waiting at a railway station
for a train to come in. The train, or someone upon it, is the central
physical object. Our coming to the station, as well as our waiting
there, is a response to this object. Now, although the physical
object is absent, the object-in-consciousness is usually present in
such cases. As we stand waiting for the train, our consciousness is
not ordinarily entirely devoid of a “train representation.” A faint
reproduction or image of the train is commonly present. We may
therefore state that whenever there is a motor reaction, there tends
to be either a vivid or a faint representation in consciousness of the
object with respect to which we are reacting. The faint represen-
tation, or image, is to be attributed to a cortical activity which is
not directly due to incoming sensory nerve currents, although it is
usually based upon a record or impression made by such currents
in the past. This cortical record or memory process actually con-
trols the outgoing nerve currents of the moment, and physically
determines our behavior.

Such reproductive cortical activities are ordinarily aroused in
accordance with the principle known as association. Although the
activities, themselves, are not due to present sensory nerve currents,
they are aroused by other activities which do have an immediate
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sensory foundation. Thus, we drove to the station because we
received a telephone call from a friend saying that he would arrive
on a certain train. The telephone conversation provided us with
concrete sensory stimuli which evoked auditory sensations and per-
ceptions in consciousness. These were followed, through association,
by images of the railway station, the road to the station, the train
and the friend’s face. The words which we heard during the con-
versation were able to arouse these particular images because af
some time in the past these same words had formed parts of a single
consciousness which also contained the said images or lhe vivid per-
ceplions corresponding lo the latler. The principle of association is
evidently a very important factor in determining the nature of our
behavior. We shall have more to say concerning it in subsequent
chapters.

Attention and Action

We have said above that “the center of our consciousness” tends
to contain a representation of the object about which our muscular
movements turn. This implies that consciousness has a form some-
thing like that of a circle, with a center and a periphery. It also
implies that the object which dominates our behavior is not the only
one to be represented in consciousness. The problems which are
thus suggested are the ones which psychologists consider under the
heading of atfention. Saying that an object occupies the center of
consciousness is the same as stating that it is the thing to which
we are altending. Furthermore, the corresponding physical object
is the one with respect to which we are adjusting our movements.
Attention is the process in consciousness which corresponds to
picking the object of our reactions on the physiological side.

The objects which lie in the periphery of consciousness, and which
are not “being attended to,” may be regarded as candidales for
attention. In a sense, they are being partially attended to, since
they are superior in position to objects which are not in conscious-
ness at all. The psychologist says that the objects in the center or
focus, are characterized by a high degree of clearness, while those in
the periphery are less clear. There may be quite a number of de-
grees of clearness, so that objects can be arranged in a series in



108 THE MYSTERY OF MIND

accordance with their respective clearness degrees. Objects outside
of consciousness might also be arranged in order of the likelihood of
their getting into consciousness. These two series represent all of
the candidates for attention in order of their chances of being
elected.

Attention stands for something more than the mere shifting of
stimuli over the sense-organs. Attention passes from one sense to
another, and from sense to imagination, often regardless of sensory
events which are occurring simultaneously. Thus, I now attend to
my typewriter keyboard, now to the rattle of a window near me,
and again to the word-images which foreshadow what I am going
to write. In each case, however, attention i1s a forerunner and
index of action. If the rattle of the window dominates my con-
sciousness, I am almost sure to get up from my chair and try to
eliminate the noise. If the word-images keep control, I continue to
write. From time to time, a cigarette box at my side fluctuates
in the periphery of my visual field, and if it gains the center, I reach
for a cigarette. The factors which control the entrance and exit of
such occupants of the conscious focus are of the utmost interest and
will be considered in detail later on in this book.

The point which we wish to emphasize here is that the form and
operation of the attention are expressed physically in the individual’s
behavior. We can predict sensation and perception (to a less degree)
by considering the forces which are acting upon the sense-organs;
but to ascertain the nature and object of attentive processes we
must study what the man is doing.

The Nature of “Will»

The theory of attention is intimately bound up with the modern
psychological account of will or volition. Although all kinds of
consciousness are implicated in action, nevertheless there are some
features which are more closely linked with it than are others.
From one point of view, we are acting all of the time, except pos-
sibly when we are in a deep sleep. However, some of our moments
of action are more violent and more important than others. To sit
in a Morris chair and think is to act; but when our thoughts lead
to some conclusion which “causes” us to leap from the chair and
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rush to the telephone, the action is more vigorous and critical. At
any rate, we can say that there was a sudden change in the mode of
our behavior. Psychologists have attempted to determine exactly
what happens in consciousness when such sudden changes occur.
The popular and also the classical notion is that each voluntary
act is preceded by a sort of fiat of will. An unprejudiced examina-
tion of consciousness fails, however, to reveal this distinctive will
process. In a vast number of cases we act, so to speak, automati-
cally as soon as the appropriate object or “idea’ (image) appears
in consciousness. When the given form of behavior is not quite so
automatic, and is more or less in the stage of being learned, the
action may be definitely preceded by the “idea” of the action.
In other words, we form an image in consciousness of our body going
through the specified movement, or assuming the required posture.
The precondition for the carrying out of the behavior is simply that
this image should dominate consciousness or be “attended to.”
Thus, while writing, I hesitate concerning the spelling of a word; an
image of the dictionary on the table beside me appears in my con-
sciousness; this is followed by an image of my right arm and hand
reaching for the book; this image enters the focus of consciousness
and immediately: I find myself reaching and grasping the diction-
ary. This is the most that modern psychology has been able to
find concerning the intimate preconditions of action in consciousness.
It is to be noted that whenever we move in a definite manner, or
even maintain a fixed posture, the muscular reactions excite special
sense-organs which are embedded in the muscles, joints and tendons.
The excitation in question follows a pattern which is characteristic
of the given reaction, and the consequent inward-flowing nerve
currents carry this pattern to the cerebral cortex. The result in
consciousness is a sensation or perception of our own specific move-
ments or postures. Such sensations are among the most important
of the “internal” group, as we have already noticed. Therefore,
each reaction is reported back to the cortex, so to speak. The
brain records of these ‘“motor sensations” are naturally associafed
permanently with the records of accompanying external sensations,
so that the image of the dictionary can immediately bring into
mind the image of the act of reaching for the dictionary. On the
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purely physiological side, the “reporting” nerve currents from the
motor apparatus play a very important réle in the smooth control
of complicated movements by the cortex or other brain centers
(such as the cerebellum).!

Thought and Action

The process which we call will, in everyday life, usually has to
do with an elaborate series of thoughts which precede and accompany
certain lines of action. Thought is ordinarily a sequence of images
which successively occupy the center of consciousness. Such images
are faint reproductions of objects or situations. They may be con-
structed of materials drawn from any one of the senses. Some of
us think mainly in visual images, others in images of things heard,
and others mainly in images of themselves acting. One of the most
common types of thinking is the verbal type, in which the material
consists of faintly spoken or heard words.

The order which the images follow during our thinking is deter-
mined in part by the principle of association, which reproduces the
combinations and sequences which we have known in the past.
However there is also a creative activity, in which the past asso-
ciations are broken down and the elements are put together into
new combinations. This is what we call imagination, or constructive
thinking. Thought may also be either logical or illogical. It is
logical if it follows certain rules which tell how thinking must be
conducted if it is always to lead to true conclusions. The greatest
thinkers are those who combine imagination with logic.

The counterpart of thought in the brain is probably to be found
in some circuitous and lengthy route which the nerve currents pursue
in endeavoring to pass through the cortex and reach the muscles.
The cortex is a tremendous maze of nerve paths in which currents
can conceivably spiral around for a long time before they finally
emerge. When thinking intervenes, the response to sensory stimu-
lation is delayed. According to this view, even thought — the

' Another important contribution to such reporting currents is made from the
special equilibrium sense organs contained in the inner ear. These are concerned
with the state of movements of the head, which frequently represent those of the
body as a whole.
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mental phenomenon par excellence — is an accessory to action. At
any rate, this is true of the cerebral accompaniments of thought.

“Effort”

When our thinking pursues a fixed goal, and expresses itself in ac-
tion consistent with the attainment of this goal, we are said to mani-
fest will. In consciousness, this kind of thinking is frequently subject
to distraction. Images lurk in the margin which are at variance with
the fixed goal. It takes “will” in this sense to write a book. When
the would-be author sits down before his typewriter his attention is
commonly besieged by images which point to quite different lines
of action. If the distracting images are kept in the margin of con-
sciousness, the “will” is strong. If they enter the focus and tempt
the writer away from his task, the “will” is weak. In either case,
but more particularly in the former, there is a struggle in conscious-
ness. While this contest of images goes on, there is general failure of
action. The cortex, so to speak, cannot decide along what path
to discharge its currents. The result is that it discharges at least
a portion of them diffusely, into all of the muscles of the body.
This produces a general state of tension, which is represented in
consciousness by a corresponding bodily sensation. The “feeling
of effort” which we are said to have during such an experience is
identified by modern psychologists with this sensation. It is a
symptom rather than a controlling agency.

Conclusion

In this chapter we have not attempted to say what determines
our thought and action along one line in preference to another. This
will be the problem of the next chapter. For the present we may
consider that we have established the following propositions. The
function or biological purpose of the nervous system is the control
of the muscles of the body. This control must be regulated by two
considerations, the needs of the organism and the nature of its en-
vironment. The sense-organs place the nervous system in contact
with the environment and together with the latter determine the
kind of nerve currents which are transmitted to the brain. These
ingoing currents are always destined in general for the muscles,
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but the particular manner in which they are passed on to the muscles
depends upon the connections which are operative in the cerebral
cortex. They traverse the complicated paths of the cortex as if
the latter were a central switchboard. Then they leave along the
outgoing nerve channels and energize the muscular system in a
definite way. Thus the environment governs the man's behavior
through the medium of his sense-organs, his brain, and other portions
of the nerve circuit. (See Fig. 9.)

Consciousness does not interfere with or intervene in this process.
The process is entirely physical in nature. It could be described
wholly in terms of ultimate electrons and protons. Nevertheless,
consciousness exists, and follows in its form and activity the pat-
tern set by the nerve currents in the cortex. Consciousness, so
to speak, is modelled after the cortical process. Consequently, it is
modelled along lines which relate it to behavior. We can study the
relations which exist between consciousness and muscular movement,
just as we do those between consciousness and the excitation of
sense-organs. In the former study we learn the motor significance of
such psychological phenomena as perception, memory, imagination,
association, attention, volition, and thought. Just as consciousness
seems to be the product of sensation, so it seems to produce our be-
havior. We have good reason, however, for asserting that the in-
coming nerve currents are not the real causes of consciousness and
that our behavior is not causally dependent upon it. These are
paradoxes which form portions of *the mystery of mind.”



CuaartEr VIII
WHY PEOPLE BEHAVE AS THEY DO

To explain the habits and other behavior tendencies of men and ani-
mals is one of the most urgent tasks which face the psychologist.
The layman is probably more interested in this branch of psychology
than in any other. Unfortunately, however, scientific progress on
this problem has been rather slow. Nevertheless, we may hope that
by pursuing some lines of thought which have been started in pre-
ceding chapters, we may throw considerable light upon it.

We have represented the nervous system as a conducting path
which connects the sense-organs with the muscles, via certain nerve
centers of which the cerebral cortex is the most important. The
nature of the nerve currents which reach the cortex is controlled by
the objects in front of the sense-organs; while that of the currents
which leave the cortex depends upon the cortex itself. A definite
kind of response — a habit, an instinct, or any type of behavior —
consists of a particular connecting together of incoming and out-
going currents. This connection lies in the cortex; it is here that the
particular knot is tied between stimulus and reaction, which de-
termines the given specific response. What is the nature of this
knot and what is the process by which it is tied?

The Properties of Nerve Currents

In attempting to answer these questions, let us think of each
different kind of incoming current as having a private nerve path.
Let us treat the outgoing currents in the same manner., We have
already admitted that this is an unduly simplified way of looking at
the process, since many nerve paths are used in common by a wide
variety of different currents, whether incoming or outgoing. Never-
theless, the simplification can be justified for purposes of exposition.
On the basis of this assumption, our problem can be reduced to the
following terms. How are incoming and outgoing nerves connected?

' 114
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What is the nature of such connections, and how are they estab-
lished?

A general answer to the first part of the question can be deduced
from a study of the properties of conducting systems, of which the
nervous system is merely a special case. Among other conducting
systems we may mention the net-works of water pipes or of electrical
wires which are to be found in any modern building. Any such
system possesses three fundamental characteristics, when in opera-
tion. One is the volume or guanfity of the current which flows
through it at any point. This can be measured in gallons per
minute in the case of water, or in amperes (coulombs per second)
in the case of an electrical conductor. The second characteristic is
the pressure which causes the current to flow. In the hydraulic
instance, this may be measured in pounds per square inch; in the
electrical case in volts. The final characteristic is the resistance
which the pipes or the wires offer to the current. There is no well-
known measure of this for water systems, but for electrical circuits
it is measured in “ohms.”

Nerve currents, as we shall see, are undeniably different from cur-
rents of water or electricity, but their flow can nevertheless be con-
ceived as characterized by the factors of current strength, pressure,
and resistance. Now there is a general principle, known in electrical
science as Ohm’s law, which associates these three factors, for any
conducting system, This principle states that the current strength is
proportional to the pressure and inversely proportional to the re-
sistance. The higher the pressure, the more current; the higher the
resistance, the less current. Although this law is almost self-evi-
dent, it is of the greatest importance in understanding the behavior
of conducting systems. We should therefore attempt to apply it to
the nervous system.

In order to make such an application it is necessary to under-
stand more exactly the nature of current strength, pressure and
resistance as they exist in nerve conduction. The most important of
these, for our present purposes, is the resistance factor. In a later
chapter, where we shall discuss the physical nature of the nervous
activity in detail, we shall analyze the current and pressure factors
in a more thorough manner than is at present necessary. In regard
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to the current, we may now note the following facts. Nerve ac-
tivity is discontinuous or pulsatory in character. The current flow
is not a smooth transfer, as in the case of water moving in a pipe,
but occurs as a succession of jerks, such as are transmitted along a
rope attached to a boat which is being pulled ashore by hand. Un-
der ordinary conditions these jerks are all of the same strength, re-
gardless of the magnitude of the force which starts them. This
uniformity of the nerve pulses is represented by the so-called “all
or none”’ principle, which we shall discuss later. It follows from this
principle that variations in the strength of the nerve current must
consist of changes in the number of pulses which pass along the
nerve in a given time. If only one fibre is considered, this will be a
matter of the closeness of packing of the pulses, one behind another.
If, however, more than one fibre is considered, we shall be com-
pelled to count the number of fibres which are acting in conjunction.

When we seek the analogue of pressure in nerve conduction, we
think first of the stimulus. Thus, in vision, we may conceive the
“light” which “strikes” the retina of the eye as furnishing the
“push” which sends the currents along the optic nerve. In the
case of sound the vibrations of the air may be thought of as fur-
nishing the required pressure. This idea is valid for the first step
in the process, in which the sense-organ receiver is set into action;
but modern investigations indicate that nerve fibres, when once
they are set going, generate their own pressure. Some fibres are
naturally high pressure fibres, while others are characterized by low
pressure. However, nerve fibres are not ‘self-starters’; they
require a push to get them going. This is supplied, as we have seen,
by the stimulus. Hence, we must say that both the outside force
and the inside force of the nerve itself combine to determine the
pressure factor. We may consider the internal force as being repre-
sented by the magnitude of the individual nerve pulses, while the
external factor corresponds with the number of these pulses which
are started.

Synaptic Resistance

The nature of resistance in nerve paths may be compared with
that in a system of large water pipes containing a great many valves
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or cocks for controlling the flow of the water. There is resistance
to the flow of the water throughout every inch of the pipe system;
but by far the greatest resistance is encountered at the valves.
In case the valve is closed this resistance is so great that no water
at all can pass. Ii the valve does not leak the resistance is “in-
finite” and the current is “shut off.” When the valve is partially
open the resistance decreases as the degree of openness increases.
Because of Ohm’s law, or its equivalent, the water current increases
as the resistance is decreased and in this way the flow can be regu-
lated to any desired strength, by adjusting the valve. Where there
are a number of valves, the direction of flow and the destination of
the current can obviously be controlled by choosing and correctly
adjusting the proper valves.

Now, the nervous system seems to be constructed on this same
general plan. The nerve fibres must have resistance all along their
lengths. Otherwise, the current would be infinite in its intensity.
However, this fibre resistance seems to be practically constant and
uniform. The resistance which counts is located at restricted points
analogous to the valves in the water system. These nerve valves
are located where one nerve fibre makes contact with another, and
is in a position to pass on its impulses to the latter. Such contact
points — as we have seen — are called synapses, a name which it
will be worth while for the reader to learn. (See Fig. 10.) It is
quite likely that the contact point — or possibly we ought to call it
the separation point — of the nerve fibres is all that is required to
produce the valve action. At any rate, we name the resistance after
the place where it occurs, and characterize it as synaptic resistance.

There are several important considerations regarding synaptic re-
sistance which we should bear carefully in mind. The first is that
apparently it is only by means of the regulation of this resistance
that the nervous system can control its own currents. The resist-
ance of the fibres, as contrasted with the synapses, is constant.
The pressure contribution which is made by the fibres is substan-
tially constant. Only the synaptic resistance is variable. The
stimulus, or the external environment can determine the currents,
at least in part, through its contribution to the pressure factor.
It pushes at certain sensory points in certain definite degrees and
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ways, and thus initiates a determined nerve current pattern. How-
ever, the manner in which this current is passed on from the incoming
to the outgoing nerves at the cerebral cortex will depend upon the
synaptic resistance which exists between the two sets of nerves at
this point.

Now we know that the cerebral cortex is a region of multitudinous
synapses. The cortex is that part of the brain which is popularly

Frc. 10. A SystEmM ofF Synapses. (This figure is reproduced from Quain,
ibid., p. 23.)

This figure shows a group of synapses formed between a single nerve cell, B,
and six other cells. This enables the nerve currents in B to be passed on to all of
the other cells, thus spreading the excitation.

referred to as “gray matter.” Of course, there is gray matter in
other portions of the nervous system, too, but wherever it is found
it indicates the presence of synapses. “White matter,” on the other
hand, consists of straight conducting fibres, with no variable resist-
ance points. The number of synapses in the cortex runs into many
billions. In fact, the synapses are so numerous that we feel justi-
fied in believing that there is one between each sensory (incoming)
and every motor (outgoing) fibre. In other words, each incoming
fibre is connected with each outgoing fibre, so that every incoming
fibre enters into as many synapses as there are outgoing fibres.
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This may not be possible anatomically without the interposition of
intermediate fibres, but there are a vast number of these in the
cortex. The cerebrum as a whole is a network of such intermediate
fibres, through which nerve currents are passed on from the sensory
to the motor side.

The Distribution of Cortical Resistances

If we suppose that the cortex possesses a network structure of
this sort, the question arises as to why a sensory current coming in
along a single fibre does not set off all of the motor fibres, regard-
less of its nature or identity. The answer is that the resistance
of nearly all of the synapses which are formed with a single in-
coming fibre must be very high. Possibly only one of them will
have a sufficiently low resistance to allow a current to pass. The
result would therefore be the same as if this low resistance synapse
were the only one which existed. However, there is an obvious
advantage of this arrangement over one in which the incoming fibre
has an exclusive connection to a certain outgoing fibre. This advant-
age is evidently that by a change in the relative resistances of the
synapses a radical change in the connections can be established.
In other words, the system is rendered flexible or adaptable.

If we accept this conception of the mechanism in the cortex, we
must decide that the distribution of cortical synaptic resistance is the
all-important factor in determining the individual’s response to his
environment. If the resistance is high at all of the synapses which
are made by an incoming nerve fibre there will be no outgoing cur-
rent at all. The current will be blocked at the cortex. If the
resistance is low at some particular synaptic point, the current will
pass at this point into a particular outgoing channel which will
determine the nature of the muscular reaction. The current takes
the line of “least resistance.” It is probable that when the resist-
ance exceeds a certain limiting value, no current at all will get
through. This is due to the “all or none” tendency of nerve, which
we have already mentioned.

We may therefore compare the nervous system to a system of
water pipes which act somewhat as follows. A million supply lines
reach a certain control station, and a million feed lines leave this
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station. FEach supply line has a pipe connection with a shut-off to
each and every feed line. As a rule, only one of the shut-offs
which is attached to a single supply pipe is open at one time. How-
ever, there is an engineer, or else an automatic regulating device at
the station who or which is capable of closing certain shut-offs and
opening others. The supply lines evidently correspond to the sen-
sory nerves, while the feed lines are to be compared with the motor
nerves. The station with its valves corresponds with the cortex.
In such a water system the supply lines would ordinarily be filled
with water at all times; but in the case of the nervous system the
current exists only when the sense-organ is excited. The condition of
the valves at the central station — whether open or closed — only de-
termines how the water will flow if any actually comes in along a
given supply pipe. If we start water along any such supply pipe,
it will emerge from a particular feed pipe the identity of which
must be determined by the manner in which the valves are set at
the central station.

The question which now arises is as to who or what adjusts the
cortical shut-offs. The classical and popular view suggests that we
try to answer the question “who”? However, our expressed deter-
mination to work out the problem along purely physical lines pre-
cludes such an answer on our part. There is no “engineer” in the
cortex, or making his influence felt there. The question therefore
resolves itself into that of discovering a mechanism which shall be
capable of adjusting the resistances of cortical synapses.

Non-cortical “ Reflexes”

However, before we embark upon a detailed study of this problem,
we should acknowledge certain important facts. These facts show
that there are many forms of specific response which do not depend
upon the cortex and its patterns of synaptic resistance. This is
possible because the cortex is not the only central station which
the nervous system contains. It is merely the largest and most
important of such stations. Without worrying the reader with a
long list of long names of subordinate nerve transfer stations, we
may nevertheless recognize the kind of reactions which are set off
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through such centers. They are ordinarily of the type known as
“simple reflexes.” Examples are coughing, sneezing, winking, the
movements of the intestines, etc., etc.

Now, a study of such simple reflexes leaves little doubt that they
depend upon fixed, inborn nerve connections. They follow almost
inevitably as a consequence of certain forms of sensory excitation.
Irritation of the membrane of the larynx or trachea, for example,
inevitably evokes a cough, when the intensity of the disturbance
becomes sufficiently great. If we ask why these nerve connections
exist, we shall be compelled to say, simply, that the individual was
born “that way.” There must be something in the constitution of
the human germ cell which lays down the nerve fibres in definite
conjunctions in the lower nerve centers. All of the simple reflexes
are common to all normal human beings, and have obvious utility
in maintaining life. For these reasons we ordinarily have little
interest in their origin. Such interest is mainly concentrated upon
the types of behavior in which men are very likely to differ. These
types do not have a rigid basis in heredity, and are for the most part
dependent upon the cortex rather than upon the lower nerve junction
points.

How 1is Cortical Resistance Regulated?

If the cortex is the organ of learned responses, we must suppose
that the paths of the nerve currents which pass through it are not
determined by heredity but by “experience.” This means that at
birth — or at least prior to the beginning of sensory impression — all
of the cortical synapses have practically the same resistance. We
may suppose that this resistance is quite high. If there are a million
outlets for each inflowing nerve current, they are all initially of
substantially equal high resistance. The process of learning, of
forming a habit, must consist in lowering the resistance of one
(or a few) of the alternative outlets, so that it becomes the actu-
ally operative one. Another possible mode of learning would be to
raise the resistance of all of the synapses except one (or a few), but
this is evidently a much more complicated method.

We return, therefore, to our problem of how the resistance of the
cortical synapses is regulated — by “experience.”
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“Trial and Error”

Apparently the first requisite, if we are to learn to do anything, is
that we should “try something.”” A careful study of actual learning
in men and animals indicates that the fundamental process is one of
“trial and error.” For example, a dog in trying for the first time to
escape from a cage, makes a large number of different random
movements until he finally hits upon one which lifts the latch and
lets him out. If he is imprisoned in the cage a second time, he may
perform the correct reaction at once. Many forms of human
learning which may seem on the surface to depend upon imitation
or the following of instructions, actually rest upon trial and error.
The majority of human habits are acquired by an obvious trial and
error procedure.

Two main questions arise out of this situation. The first is:
“What is the source of the trials?”” The second is: “What dis-
tinguishes between those trials which are ‘errors ’ and those which
are successes?” In each case, we wish to know what happens to
the resistance of the synapses in the cortex.

Now, if all of the cortical synapses were of exactly equal high
resistance, no effective nerve currents could ever get started through
any of them. However, we may feel quite sure on general principles
that the equality is not absolute. Let us suppose, that nature, so to
speak, actually desired to make the equality absolute. She would
not succeed, because no two things can ever be made exactly alike.
It would be even more difficult to keep them alike, if they could
be made so in the beginning. This is especially true of delicate,
semi-liquid, structures such as the nerve synapses. The similarity
between the resistances of the cortical synapses, although a marked
characteristic in the beginning, is nevertheless only approximate,

It follows, therefore, that if a high pressure nerve current reaches
the cortex and insists upon going through to the motor side, it will
find one synapse very slightly more conductive than all of the others.
This condition will be entirely accidental, and might shift to another
synapse within a short time as a result of random physiological
fluctuations occurring in the cortex. The slightly superior conduct-
ing power of the given synapse is not systematically determined
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by heredity and does not represent any uniformity among different
individuals. If the resulting reaction has any utility, this will be
an entirely accidental feature. Nevertheless, the nerve current
takes the line of least resistance, no matter how slight the inferiority.
The all or none principle of nerve action makes it legitimate for us to
suppose that the slightest difference in resistance will suffice to
send all of the current along a single channel and none of it along
any of the others.

In addition to this principle of slight accidental inequality among
cortical synapses, the writer believes that there is a definite mech-
anism for producing “trials.” This mechanism must be con-
ceived to operate in a manner similar to mechanical gambling
devices. It slightly opens and closes the synapses in a fluctuating
and random manner. It tries out a wide variety of connections
betweeen sensory and motor fibres. The practical value of such a
piece of apparatus in the cortex is evident. When the individual is
placed in an environment for which he has no prepared reactions, it
1s important that he be able to experiment with different ways of
meeting the situation. He must be capable of making some kind of
definite response, and if this fails, of trying something else. The
essential difference between connections produced in this way and
those due directly to heredity is that the former have no reliable
survival value, while the latter have been tested by centuries of
evolution.

The Principle of Selection

In the absence of a slight, random fluctuation in the resistance
of the cortical synapses, such as we have just assumed, it would seem
impossible for the cortex to develop any new paths of conduction.
It would be impossible for the individual to #ry anything and hence
to learn anything. However, the mere spinning of a cortical roulette
wheel will not of itself produce any reliable and permanently useful
forms of response. In addition to the chance, ‘““trial,” connections
there must be some fixed method of selecting out of such trials the
ones which are useful and of rejecting those which are useless or
detrimental. In others words, there must by some physiological
criterion of success and failure.
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Such a criterion is to be looked for among the consequences of the
given trial response. These consequences must be in the nature of
effects produced upon the individual organism. The effects must
involve the excitation of the nervous system in a certain way: so
that a success will tend to stamp in the line of conduction which
caused the success. On the other hand, a positive failure — result-
ing in injury to the organism — should operate upon the nervous
system so as to obliterate the path of conduction which caused the
failure. It is quite evident that the portion of the nervous system
which must be thus affected is none other than the cerebral cortex,
for it is here that the determining connections are established.

In order to visualize the nature of this process, let us consider
two time-honored examples. A baby is placed in front of a candle.
The rays from the candle reach its eyes, stimulate its retina, and
send a characteristic nerve current up its optic nerve to the cerebral
cortex. The baby may do almost any conceivable thing as a reac-
tion to this stimulus. But suppose that, finally, it thrusts its hand
into the flame. This is a response to the candle which has important
biological significance. It is a radical failure, since the flame begins
to burn into the child’s flesh and destroy it. What is the result?
The child not only immediately withdraws the hand, but it will
probably never again thrust its finger into a candle flame. It has
learned not to put its finger into flames, or has learned to “fear
fire.” How was this done? We say that the child’s subsequent be-
havior is due to the fact that it “got hurt,” but this does not ex-
plain what happened in the nervous system. (See Fig. 11.)

The second time-honored example has to do with the same child
when first confronted by a piece of candy. Accidentally the candy
is grasped and carried to the mouth. It is kept there, and the next
time a similar object is presented the child immediately puts the
object in its mouth. The child has learned to eat candy, or to pro-
vide its system with an essential food substance (sugar). If the
object had been a stone in the first instance, instead of a piece of
candy, this habit would not have been formed. What is the explana-
tion? We may say: “It is because the child liked the candy, and
wants more,” but this is not a physiological statement of what
happened to the cortex.
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F1e. 11. Diacram 1o SHOW THE ActioNn oF THE PAIiN NERVES N LEarRNmNG By
EXPERIENCE.

Light from the candle flame stimulates the eye, causing a nerve representation
of the candle to be transmitted to the brain. At A an association is formed which
initiates nerve currents which leave the brain at M and cause the finger to be thrust
into the flame, due to contraction of the muscle, Ms. The flame excites the pain
path, shown by the dotted line which sends a current to the brain. When this
arrives at A it acts so as to destroy the association between V and M, thus inter-
rupting the response and rendering it less probable in the future.
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The first step in developing a proper account of these processes
is to note the following facts. The child does not avoid the flame
because its skin has been burned, but rather because the nerves of
pain were stimulated. The result would be the same, so far as the
nervous system is concerned, if fire did not burn but merely excited
the pain nerves. A properly graduated electrical shock would have
accomplished the same thing, without injuring any tissues of the
body. Similar reasoning applies to the case of the candy. The
child does not acquire the candy habit because sugar is the fuel of
its muscles, but because sugar stimulates certain nerves of taste.
These same nerves can be excited even more powerfully by the
coal-tar drug, saccharine, which is entirely worthless as a food;
but the result is the same so far as the nervous system is concerned.

It follows that there must be something peculiar about the action
of the pain nerves and the sweet-taste nerves upon the cortex. The
former apparently act so as to decrease permanently the conducting
power of certain cortical synapses. The latter act so as to increase
permanently such conducting power. Here we find the fundamental
principle by which the preferred lines of conduction through the
cortex are determined. Whenever a “trial” connection produces a
reaction which results in stimulation of a pain nerve, this connec-
tion is automatically broken and does not operate again. Whenever,
on the other hand, such a connection yields a movement which
brings excitation of a sweet-taste nerve, the connection in question
is made permanent,

Cortical Encouragers and Discouragers

A survey of many cases of learning shows that the pain nerves and
the sweet-taste nerves are not the only ones which are capable of
influencing the cortex in this manner. On the other hand, there are
many sensory channels which, at least in their primitive condition,
are quite lacking in such influence. We can therefore classify all
of the sense-organs and their accompanying nerves into three groups:
those which discourage cortical connections, those which encourage
such connections, and those which are neutral in the given respect.
These cortical encouragers and discouragers furnish the natural
selective agencies by which the “trials” which are produced by the
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cortex are formed into permanent habits or else are blotted out.
This seems to be what we have been looking for, although we are
still far from a complete solution of our problem.

The cortical discouragers include all of the wide variety of nerve
channels which are associated with the experience of pain. We have
already noted that there are many different kinds of pain sensibil-
ities. In addition to the pain nerves, we may include the bitter-taste
nerves as discouragers. Salt- and sour-taste nerves also fall into the
same class if they are strongly stimulated. Here must we remark
upon the interesting fact that the degree, and possibly the manner,
of excitation of a sense organ or nerve may be a factor in determin-
ing whether the nerve in question acts as an encourager or dis-
courager. In general, the stronger the excitation the more liable the
effect is to be one of discouragement. The discouragers also include
the nerve processes which correspond to vile odors. The sensory
processes which indicate a distended bladder or large intestine fall
in the same class as do those which follow from an empty stomach
(hunger) or a dry throat (thirst). The cold-sense of the skin, and
the fatigue-sense of the muscles are discouragers. Still other ex-
amples might be added.

The sensory encouragers of the cortex count as their principal
exemplar the erotic or sexual sensibility. This agency is second only
in its power to the pain-sense. The erotic sense is not confined to
the genital organs, but — particularly in the female — extends to the
nipples and the lips. Freud (of whose theories we shall have more
to say) claims that in infants it also is aroused in acts of excretion.
The nerve activities underlying agreeable odors are in the en-
courager class, as are those which accompany weak stimulation of
the salt- and sour-taste sensibilities. The warmth-sense of the skin
should also be included. Sometimes the previous state of excitation
or non-excitation of a given sense will determine the nature of its
action upon the cortical synapses. Thus, the warmth-sense may
turn into a discourager after prolonged activity, and the cold-sense
under these conditions becomes an encourager.

The reader will notice that the cortical discouragers are excited
by agencies which are injurious to the organism, while the en-
couragers respond to forces which are favorable to its welfare or
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that of the species. This fact evidently affords the explanation,
on the basis of evolution, as to why the specified sensory activities
have the respective powers which we have attributed to them. If con-
ditions which tend to destroy the organism did not start processes
which would keep the organism out of such conditions, there would
be little hope for the survival of the species. Similar statements hold
for conditions which are positively necessary for the maintenance
of the organism or species. The cortex must be discouraged from
carrying out responses which allow the stomach to remain empty,
or on the other hand which introduce bitter-tasting, poisonous
substances into it. The cortex must be encouraged in responses
which reproduce the species. These responses could not be built in
by heredity, because their nature must be adapted to the particular
environment in which the individual finds himself.

£l
Neutral” Senses

It is clear that the sense channels which act as cortical encouragers
or discouragers all have a bearing upon some special condition which
involves the welfare of the organism. Hence, it is to be expected that
senses which are not specialized in this way will be neutral in their
action upon the cortex. Such senses are concerned in the representa-
tion of reality, regardless of its relation to welfare. The principal
example of this type of sense is to be found in vision. Hearing is
another sense which belongs in the same group. Touch, as con-
trasted with the skin senses of temperature and pain, is a neutral
sense. We must also include in this class, the sense of bodily posture
and movement, excluding muscular pain.

Vision, hearing and touch are the principal channels through which
external objects influence the nervous system. They supply the
majority of the incoming nerve currents with respect to which the
cortex makes its random trial reactions. Hence we must say that
in the majority of instances the sensory encouragers or discouragers
act upon cortical connections between neutral senses and the muscles.
Thus, in the case of the child and the candle, a current sent along
the optic nerve by the flame image upon the retina sets off a grasp-
ing reaction, which is stopped by the consequent pain stimulation.
Similarly, in the case of the child and the sugar, the visual current
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corresponding with the image of the piece of candy causes the cortex
to initiate the act of putting the candy into the mouth, and this
response is reinforced and formed into a habit by the resulting ex-
citation of the sweet-taste nerves. The common-sense way of stating
these facts is to say that “experience teaches us what to do” in
any given situation. The purpose of the foregoing analysis has been
to see what this phrase means in terms of the nervous system.

The Basis of Habit Formation

It is important to appreciate that the action of the encouragers
and discouragers upon the cortex yields a permanent result. The
child is not merely encouraged by the sweet-taste excitation to keep
the candy in its mouth. It acquires a habit of eating sweets which
will operate — unless interfered with — for the remainder of its life,
This fact can only be explained on the basis of our assumptions
by supposing that the sweet-taste excitation permanently decreases
the resistance of the cortical synapses which connect candy-image
visual nerve currents with outgoing grasping-and-eating nerve cur-
rents. If the resistance is decreased it naturally stays decreased until
something happens to increase it again. Similar reasoning applies to
the case of the response to the flame, except that here the resistance
is permanently increased instead of being decreased.

It is apparent that this account describes a means by which de-
finite and complicated lines of preferred conduction can be laid
down in the cortex. These lines are developed during the lifetime of
the individual and hence are acquired rather than inherited. Their
nature will obviously depend in an important manner upon the kind
of environment in which the indiviudal is placed. Hence the habits
of individuals will differ because their life circumstances are different.
Early environment will be of particular importance. The personal
character of a man is thus to be attributed, first, to accidental
trial connections made by his cortex beween specific incoming and
outgoing nerve currents (or channels); and, second, to the estab- -
lishment or destruction of such connections by the sensory en-
couragers or discouragers, respectively. In addition to the forms of
response which are thus determined, we must not forget the exist-
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ence of those which are due to inborn nerve connections, these being
substantially the same in all individuals of the same species.

This attempt to explain in a purely physical manner “why peo-
ple behave as they do” is admittedly incomplete and introductory.
We shall elaborate it and add new principles in succeeding chapters.
Our next step, however, must be to turn away from a strictly
physical standpoint, to consider the phenomena which occur in
consciousness when personality is being molded.



CrarTER XI
THE ROLE OF FEELING IN CONSCIOUSNESS

Our discussion of the physiology of habit formation has made no
reference to any part which might be played by “pleasure and pain”
as conscious phenomena. Yet everyday experience indicates that
these psychological factors play an important role. A few simple
principles will enable us to deduce this réle from our physiological
account. We can also record what we find to be the facts of ex-
perience, and see whether the two accounts agree. If they do, our
theoretical principles are probably correct.

The Nature of “Feeling”

The first thing which is necessary, however, is to arrive at a
clear conception of what we mean by “pleasure and pain.” This
conception will need to be more definite and a little more general
than the popular one. We shall therefore require a general term to
stand for it, and for this purpose we may appropriately select the
word ‘“feeling.”” This word has been used with other meanings,
both in scientific and popular discussion, but we shall try to make
clear just how it will be used in the present book.

When the child puts candy into its mouth, the sweetness sensa-
tion which follows in the child’s consciousness is a form of pleasure.
Two different aspects of the experience can be distinguished, the
sweetness and the pleasantness. We say that the “sweetness is
pleasant,” as if the pleasantness were an attribute of the sweetness.
But pleasantness is or can be an attribute of many other experiences.
The erotic sensations are well-known as possessors of this attribute.
However they are not so highly praised for this reason as are certain
other less ““sensual” forms of consciousness. Reading a good story
is pleasant. Succeeding in life is pleasant. Doing a benevolent act is
pleasant for some people. Pleasantness is therefore to be regarded

I31
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as a common property of a wide variety of experiences, which may
differ radically in all respects except their pleasantness.

When the child puts its finger into the flame, its consciousness
is invaded by intense pain. To say that the pain is unpleasant
seems superfluous. Yet psychologists are compelled to distinguish
between what might be called the “painness” and the unpleasant-
ness of the experience. This is because there are so many other
forms of consciousness besides pain which are unpleasant. In
everyday speech, we frequently refer to any unpleasant experience
— regardless of its nature — as “painful,” but it takes no refinement
of analysis to prove that this is a metaphor, quite similar to calling
any pleasant thing “sweet.” The taste sensation, bitter, is normally
unpleasant. Losing a contest is unpleasant. Being distracted while
at work is unpleasant. Evidently, unpleasantness is a common attri-
bute of many otherwise widely different forms of consciousness. Most
of these consciousnesses do not involve “pain” in the strict sense of
the word, but we cannot neglect the fact that those which really do
contain pain are at the same time unpleasant.

We shall employ the word, feeling, to stand for either pleasantness
or unpleasantness. Psychologists quite commonly use the word,
affection, for this meaning, but the usage is so at variance with
popular terminology that it seems advisable to avoid it in the pres-
ent book. The term, “feeling,” is sometimes employed to stand
for the combination of pleasantness or unpleasantness with what-
ever it is which possesses these characteristics. Our present use
of the word, however, will be in the more restricted sense.

The first feature of interest which we note concerning feeling is
its dual nature, its division into polar opposites. Unpleasantness
is clearly the opposite of pleasantness as a fact of experience as
well as of etymology. The processes of “will” or volition tend to
move in opposite directions with respect to the two forms of feeling,
and in many instances other accompanying processes are of con-
trasted character. The second notable feature of feeling is the fact
that it varies in degree; it behaves like a guantity. Thus, pleasant-
ness may be slight, moderate or great; and the same with unpleas-
antness. It may furthermore be noted that a very low degree of
pleasantness or of unpleasantness may be indistinguishable from
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“indifference,” and hence may even be indistinguishable from one
another. This indicates that the two opposed phases of feeling come
together quantitatively at a sort of zere point, which is represented
by the indifference state — the absence of feeling, or apathy.

Another interesting characteristic of feeling is its tendency to
spread over the whole of consciousness at any moment. As a rule,
we attribute the feeling to a limited portion of consciousness, as for
example, the sweetness in the case of candy. Our consciousness at
the moment of eating the candy includes many other factors in
addition to the sweet taste. However, the entire consciousness tends
to be pleasantly affected. The pleasantness, so to speak, irradiates
over the whole of the conscious field. In many other instances
there is no particular portion of consciousness to which we especially
attribute the feeling; we are “happy” or “unhappy” in general,
and may not be able to explain why. This irradiating tendency of
feeling makes it difficult, if not impossible, for opposite kinds of
feeling to exist in consciousness at the same time. The same part of
consciousness obviously cannot be pleasant and unpleasant at once.
Different portions might exhibit these attributes simultaneously, but
the irradiation of their “affective” nature makes the existence of
“mixed feelings” very rare.

Feeling and Learning

We are now ready to consider how feeling enters into the process
of learning on the psychological side. The child who puts its finger
into a candle flame experiences at the same time a very unpleasant
sensation. This sensation is due directly to a nerve activity which
takes place in the cerebral cortex. It is due indirectly to the nerve
currents which come into the cortex along the pain channels leading
from the finger. The unpleasantness of the sensation must be due —
in the same way — to some property of the activity in the cortex.
It is an obvious suggestion that the property in question lies in the
“discouragement” of the cortical synapses which we have discussed
in the preceding chapter. This *‘discouragement” consists tech-
nically in the increasing of the resistance of the synapses. We
may therefore consider that unpleasantness accompanies any activity
which augments the cortical synaptic resistance.
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In order to test this hypothesis, let us see whether it works out
in all cases. All of the sense excitations which we have listed as
““discouragers” should produce unpleasant sensations in consciousness.
The taste sensation of “bitter” is unpleasant, as are “sour” and
“salt” at high intensity. All three of these sense activities are
habit breakers. The skin sensation, cold, is unpleasant and normally
it acts to increase cortical resistance. Hunger and thirst are highly
unpleasant. The sensations accompanying pressure in the bladder or
large intestine are unpleasant. @We have already seen that the
corresponding sensory nerve currents are cortical discouragers. If
we follow through the entire list of these discouragers we find that
the forms of consciousness which accompany their action are always
unpleasant. Under certain circumstances a given sense may shift
from the discourager to the encourager column, but in this event the
feeling shifts with it.

If we look at the problem from the side of consciousness, we may
now note that there are many types of experience which are un-
pleasant without involving any of the sensations above considered.
This raises the question as to whether these experiences are also asso-
ciated with an increase in the resistance of cortical synapses. Sup-
pose, for example, that we receive news of the death of a dear friend.
The consciousness which follows is extremely unpleasant, but it may
not involve any physical pain, bitterness, or any other disagreeable
sensation. The “pain” is “mental.” If we decide that such ““men-
tal anguish” is accompanied on the physiological side by increasing
resistance, we face the problem of explaining how the resistance
change is produced. An attempt to solve this problem will be made
in our next chapter.

At the present moment, however, we must consider the case of
“pleasantness.” This is a feature of the child’s consciousness when
a piece of candy is taken into the mouth. We are evidently invited
to reason by analogy with the case of unpleasantness, and say that
the pleasantness of the sweet-taste sensation is due to the process of
encouragement which is taking place in the cortex, under the in-
fluence of the incoming nerve currents from the tongue. Techni-
cally, this encouragement consists in a decreasing of the resistance
of the cortical synapses which are controlling the child’s response
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at the given moment. We may therefore contemplate the general
proposition that pleasaniness accompanies any activity which decreases
cortical synaplic resisiance.

CONDYCTANCE
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Fic. 12. TEE RELAaTION OF FEELING TOo THE BrRAIN PROCESS.

The upper curve shows a possible variation of the “conductance” of cortical
synapses with time. * Conductance' is the opposite or reciprocal of “resistance,”
which is discussed in the text. The lower curve shows the accompanying intensities
of pleasantness or unpleasantness. These are proportional at any time to the degree
of upward slope of the upper curve. When there is no change in the conductance
the feeling is zero or “indifferent,” regardless of the magnitude of the stationary
conductance. When the slope is downward, the feeling is unpleasant or negative.

As a check on this hypothesis, we shall naturally investigate the
various sense activities which we have classed as cortical encoura-
gers. Erotic sensation is notorious for its pleasantness, and cor-
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responds with the most powerful of all agencies for reinforcing cor-
tical conduction. Salt- and sour-taste excitation at low intensities
belong in the encourager class and are accompanied by pleasant
sensations. Warmth as a psychological phenomenon, is pleasant
when it is of moderate intensity; and we have listed the corre-
sponding sense current as one which decreases cortical synaptic
resistance. Fragrant odors are pleasant and stand for sense ex-
citations which encourage the cortex in what it is doing. Thus, in
general, we find that the sense mechanisms which act to encourage
the cortex, also produce a form of consciousness which is pleasant.

In the case of pleasantness the same question obviously arises as
in the case of unpleasantness. Are pleasures of a “mental” nature
also accompanied by a decrease in cortical resistance? If so, we shall
have to explain the nervous mechanism which is involved. This
explanation will be reserved for the next chapter.

We are now in a position to generalize somewhat further. We
have seen that pleasantness goes with decreasing cortical resistance,
while unpleasantness accompanies an increasing of such resistance.
In general, therefore, feeling in consciousness is paralleled by changes
in resistance in the cortex. Note that the feeling is associated with
the process of change, and not with the changed state which results
from this process. Thus, while the resistance is being augmented
there is unpleasantness, but after the change has ceased the per-
manently high level of resistance which has been established does
not occasion any unpleasantness. In the same way, it is only while
the resistance is being lowered that pleasantness exists, and the
consequent reduced resistance is not a condition for this feeling.
Feeling is thus related with a purely dynamic aspect of the brain
mechanism.! (See Fig. 12.)

'1f we were interested to do so, we could express the above principle as a
mathematical formula. We could call pleasantnesz positive feeling and un-
pleasantness negative feeling. We could designate an increase of resistance as a
negative change and a decrease of resistance as a positive change. We could
then say that the feeling is proportional to the rate of change of the resistance.
When the change is positive the feeling is positive, and its intensity is deter-
mined by the speed at which the change is occurring. Similarly, when the
change is negative the feeling is negative, and the intensity of the feeling de-

pends upon the velocity of the change. If there is no change the velocity is
zero and is neither positive nor negative, so that there is no feeling, or — more
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If feeling is the dynamic thing which we have indicated above that
it is, it should play a very important part in the determination of
action. Every common-sense individual is quite willing to admit
that this is actually the case. Sophisticated — probably unduly so-
phisticated — psychologists, however, have in many instances denied
this role to feeling. Indeed, some of the psychologists have even
denied the existence of feeling itself. Neglecting these extreme scep-
tics, we may consider some of the historical discussions of the impor-
tance of feeling as a dynamic factor in consciousness.

The history of philosophy presents two distinct doctrines con-
cerning feeling. One 1s the teaching called ethical hedonism, accord-
ing to which the object or purpose of all human action is the attain-
ment of “pleasure” or the avoidance of “pain.” This is equivalent
to saying that our conscious life should have as much feeling as
possible: the maximum of positive feeling and the minimum of
negative feeling. In harmony with this doctrine, such words as
“good,” “ought,” “duty,” etc., relate to the means for satisfying
this aim of all rational behavior. The second historical teaching is
called psychological hedonism. According to this doctrine, no man
can really escape the dictates of “pleasure and pain.” In the words
of Jeremy Bentham, these agencies are the “sovereign masters” of
human action. No matter what we do, we are always seeking pleas-
ure or avoiding pain. The only question which can be raised is as to
our efficiency in this process.

Now, ethical hedonists have almost universally based their ethics
upon psychological hedonism, so that the latter seems to be the
fundamental doctrine. The majority of expositions of psychological
hedonism, however, are somewhat lacking in clearness, or at any
rate in detail. If feeling is our sovereign master, in exactly what

strictly — zero feeling. This is the state of “indifference” to which we have
already referred. The mathematical treatment could be made somewhat neater
by substituting the idea of “conductance” for that of resistance, conductance
being the opposite or “reciprocal” of resistance.

However, it is not intended that the reader should be bored with mathematical
formule, so long as it is possible to express the same ideas in other ways.
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way does it control our behavior? Two general types of answers
have been given in the past. One of these has said that we are
dominated by the expectation of pleasure or pain. In contemplating
any act, we weigh the future consequences in terms of feeling and
choose the alternative which promises the maximum. This doctrine
obviously encounters insurmountable difficulties. It necessitates
that all conscious behavior should be preceded by rational thought,
that it should be “cool and calculating.” It leaves no place for the
impulsive and emotional forms of action which are so very common.
Moreover, the doctrine really states that the thought of pleasure and
pain, rather than these agencies themselves, is the dominating force.
Our calculations are quite frequently in error, so that the anticipated
feeling may not be realized.

The second type of answer avoids some of these difficulties by
saying that it is not future but present feeling which dictates our
choices. It is not the anticipated pleasure, but rather the pleasure
of anticipation which controls us. When there is no thought of the
future, and hence no anticipation, nevertheless the impulsive or
emotional ideas upon which we act are charged with feeling, and we
pick the lines of action which are the pleasantest for the moment.
This doctrine is more satisfactory than the first one, but it is still
far from agreeing with all of the facts in the case. A thoughtful
survey of human life shows that there are innumerable instances in
which we are dominated by ideas which have no feeling attached to
them. In other cases we are controlled by alternatives which are by
no means the most pleasant out of all those which are presented to us.

These criticisms have led some psychologists to reject hedonism
altogether, while nearly all students of mind regard the doctrine as
only a partial explanation of human conduct. However, there is
still a third answer which can be given to the question as to how
feeling dominates our choices. We can admit that neither future nor
present pleasure and pain are our sovereign masters, and yet we can
maintain that past feeling plays exactly this role. Time is divided
into three parts, and for some reason the classical hedonists have
neglected to place sufficient emphasis upon the past. Upon general
principles, we should expect the causes of our behavior to lie in the
past rather than in the immediate present or the future.
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Hedonism of the Past

Let us see what this preferred form of psychological hedonism
amounts to. Suppose that it is Saturday afternoon. There are
numerous ways in which we can spend the half-holiday. We think
of golf, of taking a drive, of mowing the lawn, of tinkering with the
radio set. Finally we decide upon golf and set off for the links.
The older hedonistic doctrines would say either that we expected to
have the greatest pleasure at golf or that the idea of going golfing
was the pleasantest. The alternative explanation, which we are here
advocating, is that our past experience included more pleasure (and
less “pain’’) in connection with golf playing than in connection with
any of the other suggested activities. This is why we chose to spend
the afternoon on the links. Moreover our choice was determined
merely by the historical fact of the greatest past pleasure at golf, and
not by our present memory or estimate of the pleasure. This means
that on the given Saturday afternoon our feeling attitude towards
golf might be entirely neutral, and yet we should still choose it.

Of course, the things which have given us pleasure in the past are
likely to continue operative in this way in the present and in the
future. Consequently, the form of hedonism which we are here
advocating is not entirely inconsistent with or contrary to the older
doctrines. If golf has been a pleasure in the past, the idea of it will
ordinarily be pleasant to-day; pleasant anticipations — and anticipa-
tions of pleasure — will follow naturally from memories of pleasant
experiences. However, it is well-known that the feeling which at-
taches to memories is not always the same, and is seldom as in-
tense, as that which characterized the original experience. The
memory of painful events is frequently pleasant, or at least may be-
come so when we relate them as adventures to an audience. Never-
theless, the pain of the original experience has taught us to avoid
repetitions of the events in question.

In considering this theory, it is important to note that “the
greatest pleasantness” is equivalent to “the least unpleasantness.”
We frequently find ourselves placed in situations where all possible
lines of action with which we are familiar, have an unpleasant his-
tory. If our brains are incapable of evolving some new alternative
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act, we will not necessarily be paralyzed but will choose the least
unpleasant among the given possibilities. If we regard an increase of
pleasantness as the same thing mathematically as a decrease of un-
pleasantness, this principle will be obvious.

Another corollary of the proposition just stated is that a form
of behavior which decreases unpleasantness has practically the same
status as one which yields pleasantness. Thus, if I have a pain in
the stomach, I try numerous reactions, such as sitting down, lying
down, taking medicine, etc., until I finally hit upon one which re-
lieves the pain. This particular, alleviating response, is almost
certain to be tried immediately when I have the same kind of
stomach pain again. This is because it was the most pleasant of
the reactions which were made to the pain; or while the pain ex-
isted. In the same way, we may choose, on a Saturday afternoon
to cut the grass — instead of knocking a little ball around over it —
because we are annoyed by its unkempt appearance or by the wife's
objections. Cutting the grass has proven in the past to be the most
effective way of obtaining relief in this situation. The decrease of
unpleasantness thus procured may have exceeded the gain of pleas-
antness due to playing golf.

It must be borne carefully in mind that in order to predict a
man’s behavior, it is always necessary to take the stimulus siluation
into consideration. This is true whether we view the problem from
the standpoint of nerve physiology or that of consciousness. All
action is in response to stimuli. The stimulus excites the reaction
and at the same time limits its scope or range. The stimulus is
seldom such that all possible reactions are open to us. We cannot
choose the pleasantest of all conceivable responses, but only the
pleasantest one under the given circumstances. Thus we cannot
mow the lawn unless some stimulus suggests to us the idea of so
doing, and we cannot mow it without a lawnmower or equivalent
tool.

It should be clear that the doctrine that our choices are deter-
mined by past feeling, allows for the establishment of #habits in
which feeling may be quite lacking at present. It is a very un-
fortunate characteristic of pleasantness that it tends to fade out
with repetition of the same act or perception. We tire of a popular
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melody, of playing Mah Jong, of driving an automobile, etc. Never-
theless, it is just when we have squeezed the last drop of pleasure
out of one of these activities that our skill in them becomes the
greatest. Hence, there is nothing inconsistent with our theory in
the fact that men do many acts without present feeling, or even
make choices which are contrary to the greatest pleasure of the
moment. Our doctrine is thus capable of harmonizing with facts
which the older forms of hedonism — with their emphasis upon
present and future feeling — could not meet.

The Measurement of Feeling

In working out this doctrine it is necessary to have a definite con-
ception of how past pleasures and pains are to be compared with
one another in degree or amount. Thus, suppose that we are con-
sidering two alternative lines of conduct, such as playing golf and
listening to radio. There will be a certain quantity of positive
feeling A attached to our goli-playing biography, and another
amount B of positive feeling associated with our radio-listening
history. If A4 is greater than B, we will choose golf. How shall we
measure 4 and B? Evidently there are two general factors which
must be taken into consideration: one, the infensity of the feeling
and, two, its duration. How much do we enjoy a game of golf (on
the average) and how many times have we played? Hence, we can
estimate the value of A approximately by multiplying the intensity
of our pleasure by the number of times we have experienced it.
This gives an indication of the degree to which the golf habit has
been formed.

Of course, all games of golf are not equally enjoyable, so that
it would really be necessary to consider the pleasantness of each
game separately, and then to add all of these measures together to
arrive at the true value of 4. Moreover, separate moments of a
single game differ in intensity of feeling. After a good stroke the
pleasure is strong, but after a bad one the feeling is on the dis-
pleasure side. Therefore, to obtain an entirely accurate result, it
would be necessary to estimate the intensity of feeling at each
instant during an entire golf-playing biography, and then to combine
all of these separate intensity values. Notice that in doing this, the
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intensities of unpleasant feeling would have to be subfracted. All of
the positive intensities would be added together; all of the negative
intensities would be added together separately; and then the latter
sum would be subtracted from the former. A final sum obtained
in this manner may be designated as the amount of feeling, as
opposed to intensity of feeling, which latter does not involve dura-
tion, but applies to single instants.

We may note in passing that this notion of amount of feeling is
substantially identical with the conception of happiness. Happiness
differs from pleasure in its greater permanence or duration. The
same can be sald concerning the relations of unhappiness and
“pain.” We shall have much to say later regarding the psychology
of happiness and the part which psychology as a science can play
in the pursuit of happiness. At present, we are investigating its
foundations.

It is evident that in some cases the amount of unpleasantness
which has been experienced in connection with a given kind of
response will be in excess of the amount of pleasantness. Conse-
quently, when the sum of the negative feelings is subtracted from
the sum of the positive feelings, the answer will be a negative quan-
tity. This obviously stands for so much wrnhappiness rather than
happiness. Amount of feeling must be allowed to have positive
and negative values, just as must intensity of feeling. The signifi-
cance of negative amounts of feeling for habit formation should be
obvious. A line of action which has involved such a negative
amount in the past is less likely to be followed than one with which
we have had no experience whatsoever. It means the formation of
a habit of not doing the thing in question.

In reality, the positive, negative, and zero values can be regarded
as constituting a continuous series, in which the same principle of
comparison applies throughout. Plus two is greater than plus one,
and plus one is greater than zero; also, zero is greater than minus
one, just as minus one is greater than minus two. Thus, in terms of
happiness as a positive quantity, there is no difference between pre-
ferring a value of zero to one of minus unity, and preferring a
value of plus eight to one of plus seven. In each case we are follow-
ing the principle of the greatest happiness.
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Physiological Relations of Our Hedonism

We must now consider how our psychological hedonism checks up
with the principles which we have previously propounded regarding
the relationship between feeling and changes in synaptic resistance.
We said that pleasantness (positive feeling) goes with the decreasing
of such resistance in the cortex, while unpleasantness (negative
feeling) accompanies an increasing of this resistance. What do these
statements imply concerning the relationships of amount of feeling to
the cortical process. The implication is very definite, although it is
one which it is difficult to demonstrate convincingly without the
aid of mathematics. The intensity of the feeling is related to the
speed at which the resistance is being altered. If the feeling endures
only a short time the resulting alteration will be small, but if we
add together the alterations produced during a number of such
brief intervals the final change will be greater, approximately in
proportion to the number of intervals considered. This summation
is parallel to that which we carry out in determining an amount of
feeling. Hence, we may conclude that amount of feeling stands for
the fotal alteration in the resisiance which has occurred during the
history of the given form of response.

Since this conclusion furnishes an explanation of our doctrine of
psychological hedonism, it is worthy of further elucidation. We
may compare the case to that of a moving automobile. The speed
at which the synaptic resistance is changing is analogous to the
speed of the automobile, which can be read on the speedometer at
any moment. This speed is evidently independent of time, or any
particular lapse of time, since the reading may remain the same re-
gardless of whether we merely glance at the instrument or, on the
other hand, scrutinize it over a considerable period. The intensity
of feeling at any instant is determined by the value of the speed at
that instant. We may compare the feeling to the impression of
velocity or the thrill which is experienced by occupants of the auto-
mobile.

In terms of this analogy, amount of feeling would depend upon the
distance covered by the automobile between any two instants which
we might wish to consider. This distance must obviously depend
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upon two factors, the speed of the vehicle and the time which elapses
between the two instants. If the speed is constant, the distance can
be calculated by multiplying the speed by the elapsed time. Simi-
larly, the amount of feeling will be computed by multiplying the
intensity of feeling by the time, or by an equivalent process. In the
case of synaptic resistance, multiplication of the speed at which
it is changing, by the time must yield the total or net alteration of
resistance which has occurred during the given interval. The
parallel of amount of feeling is thus a kind of “resistance distance”
which has been traversed.

Now, we start out in the new-born babe or in the embryo, with a
set of synaptic resistances in the cortex which are all practically the
same. In order to establish any habits or fixed response tendencies
in this individual, some of the synapses must have their resistances
moved either up or down with respect to this congenital level. The
rate at which this motion is occurring is represented in consciousness
by intensity of feeling. The direction of the change, whether it is
up or down, is represented by the nature of the feeling, whether un-
pleasant or pleasant, respectively. The total amount of feeling
which has been experienced in conjunction with any given synapse
during the life-history of the individual, is an index of the distance
and direction through which the resistance of that synapse has been
moved from the congenital dead level. It is therefore inevitable,
logically, that the measure of past happiness associated with any
specified form of behavior should be an index of the tendency of
this form of behavior to recur. This is the essence of our psycho-
logical hedonism.

The réle of feeling in consciousness is therefore to represent the
rate at which definite forms of response are being built up or torn
down at any moment. If the process is constructive the feeling is
pleasant; if the process is destructive, the feeling is unpleasant.
At the present stage of our thought we cannot say that the feeling
is the agency which causes the construction or destruction, although
this is a possible hypothesis. Thus far we have made no assumptions
regarding relations of cause and effect between the physical world
and consciousness. We can say, however, that whenever conscious-
ness is pleasantly affected some force goes to work to build up the
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kind of conduct which accompanies, and which presumably causes
or conditions the pleasantness. On the other hand, whenever con-
sciousness is unpleasantly influenced, some agency operates to break
down the concurrent behavior and the habits which underlie it.

The above discussion cannot but have aroused some doubts and
queries in the reader’s mind. Numerous cases can readily be cited
to show that the principles which we have thus far laid down are not
adequate to explain all of the phenomena of feeling, learning, and
action. At least one reason for this is the fact that we have simpli-
fied our discussion unduly in an endeavor to make it clear. How-
ever, we must now go on to consider some further principles which
are necessarily involved in any theory of human behavior and
character which pretends to be complete.



CHAPTER X
THE PHYSIOLOGY OF THE HIGHER FEELINGS

In the previous chapter we have seen that feeling is associated with
changes in the resistance of nerve junctions in the cerebral cortex.
In an earlier chapter we have learned that such changes can be
engineered by special senses which we have called encouragers and
discouragers. We have still to ascertain whether there are any other
conditions under which the resistance of the cortical synapses is
subject to alteration. We can argue that such conditions exist,
from the fact that feeling is not restricted to sensory causes. Most
of the pleasantness and unpleasantness of adult consciousness is
attributable to so-called mental states or processes. The purpose

of the present chapter is to consider the principles which underlie
such ““higher” forms of feeling.

The Law of Exercise

The first principle which needs elucidation is that of exercise or
practise, which states that if for any reason a nerve current flows
through a point of high resistance, the resistance is thereby reduced.

This action may be compared to that by which water by flowing
along a certain channel clears a way for itself, so that the flow be-
comes easier and easier as time goes on. A similar effect can be
observed in some electrical circuits, especially in those which con-
tain a spark gap and operate at high voltage. It is characteristic
of all such effects that they have a rather definite limit beyond
which they cannot be carried. The farther the present value is from
this limit the more rapid the change is liable to be, and as the
limit is approached the change becomes vanishingly small. Thus
the river channel erodes rapidly when it is narrow and the resistance
which it offers to the stream is high, but after a time the channel
reaches a maximum size and the resistance becomes practically
constant.

146
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Everybody is familiar with the fact that repetition of a perception
improves our memory of the thing perceived. Repetition of an act
vields an increase in facility and skill in this particular act. Both of
these effects must be explained in terms of changes in the resistance
of cortical synapses. If this is true they must be accompanied by
feeling. In the case of learning an act or a complete response, the
process will ordinarily be under the control of an encourager or
discourager, at least in its initial stages. However, when a habit
has gathered some headway — so that its resistance is lower than
that of any alternative response — it will not require special en-
couragement. Nevertheless, its automatic operation may further
decrease the resistance. The pathway through the synapse will be
worn down until the minimum possible resistance is reached.

It will be seen that when a habit has thus become dominant, its
continued operation should be pleasant until repetition no longer
strengthens it, after which its operation should become indifferent.
The process of placing the given habit in the dominant position will
not necessarily be pleasant, because this can be done by discouragers
as well as by encouragers. A discourager can make a given action
tendency dominant by increasing the resistance for all possible
alternatives of this action tendency. A careful consideration of the
facts will show that our deduction concerning the history of feeling
in relation to habit formation is correct. When a given response has
acquired sufficient momentum, it becomes pleasant in and for it-
self, without reference to sensory conditions, but this pleasure gradu-
ally wears off with repetition. For example, we may tackle type-
writing or stenography under pain of earning a livelihood, but
“become interested” in these operations when we have acquired a
certain amount of skill. However, this interest is almost certain to
lag as soon as there is nothing more for us to learn or achieve in
the given fields.

The other application of the exercise principle is to perception.
Perception, and its attendant brain activities, do not in themselves
necessarily lead to action. Nevertheless, they leave a record in con-
sciousness and in the cortex, which is called a memory. This record
must consist in altered synaptic resistances, but the synapses which
are involved are evidently not between incoming and outgoing
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nerves. They are rather cross connections between parallel incoming
nerves, They represent different patterns of combination of these
nerves, or their contained currents. However, since the activities
of these cross-connecting synapses are represented in consciousness
by the perception, the changes in their resistances should also be
accompanied by an appropriate feeling. In general, these changes
will be in the direction of a decrease, so that the feeling in question
should be one of pleasantness.

The Pleasure of Novelty

The conclusion which is thus reached is that, other things equal,
all novel perceptions will be pleasant. We say, “other things equal,”
because the special action of cortical encouragers or discouragers
must be excluded. A perception which includes pain as one of its
constituents can hardly be pleasant. A perception which embraces
sweet-taste or erotic sensation will be pleasant for other reasons than
the one which we are now considering. We say, ‘“novel,” because
repetition of the same perception finally brings the impression which
is made upon the cortex to a maximum value. When this condition
has been reached there can no longer be any decrease in the synaptic
resistance, and hence the pleasant feeling will be replaced by in-
difference. This is the explanation, in terms of our theory, of the
pleasure of new experiences, especially in the realms of sight and
hearing, where there is no primary encourager-discourager effect.
The principle is not limited to these latter realms, however, but may
combine with the encourager-discourager principle in any sense
department. (See Fig. 13.)

As examples of this “pleasure of novelty,” and the laws which
govern it, we may cite the pleasantness of fravel with its constantly
changing sights and sounds. This pleasure “wears off ” with repeti-
tion of the same impressions in a single location, so that the pleas-
ure-seeking traveller moves on in quest of further novelty. The
scientific investigator, or the enterprising business man, finds similar
sources of pleasure in the new facts and situations which are con-
stantly developing in his work. The pleasantness of music — par-
ticularly of simple melodic or “popular” music — affords another
excellent example. A given melody may be very pleasant for the
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first ten times that it is heard, but at the fiftieth time it is liable to
have no feeling value at all. Our ability to remember, and usually
to reproduce, a melody increases as the amount of past feeling which
we have accumulated in connection with it increases. This amount
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Fic. 13. THE LAw oF LEARNING AND OF THE ACCOMPANYING FEELING.

The upper curve shows approximately how skill in any act increases with time
or repetition. The lower curve indicates the accompanying intensity of feeling, in
accordance with the principles explained in Fig. 12 and the text.

of feeling reaches its maximum wvalue when the intensity of the
present feeling has fallen to zero, and the melody is completely
“worn out.” Similar statements apply to the other examples which
we have considered.
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On the purely physiological side, we may regard the exercise
effect as being due primarily to the pressure of sensory nerve cur-
rents. This pressure is not of the special kind which is exerted by
the encouragers and discouragers, but is merely a general pressure
which forces the currents through the synapses and breaks down
their resistance accordingly. It is doubtful whether the discour-
agers act specifically upon the cross-connection synapses to any
great extent. If they did we should be unable to remember scenes
or sounds which were accompanied by pain or other unpleasant
sensations. There are some cases of such memory failure, it is true,
but they are exceptions to the general rule. Ordinarily, we retain
a very vivid memory of unpleasant experiences, and the evidence is
strong that when we forget on account of the unpleasantness this is
due to “‘repression” rather than to the absence of a record.

The Law of Decay

Another principle which we must add to the exercise effect is its
logical opposite, the principle of decay of impressions due to lack of
exercise. When a given form of response or habit is not used fre-
quently, we lose skill in it. Such lack of use may be occasioned by
an absence of the stimulus which normally sets off the particular
response, or it may be due to other reactions to the same stimulus
having secured dominance. Thus, we “forget” how to play croquet
when we have not practised the game for a considerable time. This
may be because there is no proper ground available on which to
play, or because the stimulus which used to lead us to such a ground
now sends us to the golf links. Ewventually, we not only lose skill
in the game, but we become unable even to recall its rules. The
simplest explanation of this lapse of skill and knowledge is that the
synapses for croquet have gradually increased in resistance during
the period in which no nerve currents have passed through them.
The process is analogous to the gradual filling in of a river bed
through which water no longer flows.

An entirely similar change occurs in the memory impressions
which record things which we have seen or heard, but with respect
to which we have formed no distinct habits of action. If these
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memory pictures are not refreshed by repetition of the original
experiences — or at least by mental reflection — they become faded
and dim and finally disappear altogether. The change which occurs
in the brain is probably more involved than seems likely at first
thought, since under some circumstances — such as under hypnosis —
such faded memories can be vividly rejuvenated. However, we are
forced to suppose that the lapse of the memory record is due to a
gradually increasing resistance in certain synapses which are essential
to its reproduction. These may not be all of the synapses which are
involved, but a resistance increase nevertheless occurs in some of
the essential synapses. Some recollections fade much less readily
than others, possibly because they were originally recorded more
strongly, or possibly because reflection has constantly rejuvenated
or exercised them.

This principle of the decadence of unexercised nerve channels has
numerous important applications. One set of applications is to the
practical development of human conduct. If response tendencies
decay when they are not used, we cannot tell exactly what a man
will do in a given situation simply by ascertaining everything which
he has learned in the past through ‘““pain,” *pleasure,” and practise.
We must also consider to what degree various habits have been al-
lowed to lapse. The decadence principle will explain many ap-
parent exceptions to the general principles which we have already
laid down. It may be that in early life a certain individual has
developed a profound interest and skill in music, but that a change
in environment makes impossible the exercise of this set of reactions
over a period of many years. In the new environment, a new set of
responses becomes powerfully ingrained; let us say that they are
directed towards financial success in industry. Finally, let us sup-
pose that the environment changes again so that the stimuli to
musical and business activity are presented side by side. The busi-
ness reactions will probably remain dominant.

It will be noted that the decadence principle cotperates with the
law of exercise to increase the dominance of any form of response
which has acquired superiority, no matter how small this superiority
may be in the beginning. If golf becomes ever so slightly more
attractive than croquet, the golf habit will grow through exercise
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while the croquet habit decays through lack of exercise, the separa-
tion between them constantly becoming greater.

Unpleasantness and the Decay Law

The second group of applications of the decadence principle have
to do with the feelings which accompany the decay process. Now,
we have assumed as a general law that any increase in synaptic re-
sistance in the cortex is associated with the appearance of unpleas-
antness in consciousness. Hence, we should infer that the decay of
habits or sensory memories will produce an unpleasant state of mind.
However, there is a very important reservation to be made at this
point in the argument. The feeling which goes wilh the change in
resistance of a synapse cannot enler consciousness unless the sensalion
or image aspects of the activity in the same synapse are also presend,
Speaking figuratively, if a synapse is not in consciousness as a whole,
none of the aspects of its activity can be in consciousness. Looking
at the matter strictly from the psychological side, a memory or a
perception cannot be wumpleasant or pleasant unless it is present.

These considerations may suggest a trick to escape certain diffi-
culties to be met by our hedonistic theory. However, careful study
of the facts in the case will indicate that the considerations are valid.
Consciousness —or at least the particular consciousness which we are
able to report — is apparently not associated with all of the activi-
ties which go on in the cerebral cortex. We shall find clear evidence
for this belief when we come to consider the sub-conscious mind
and the phenomena of multiple personality. Our central conscious-
ness seems to be determined by a group of cortical processes which
are controlling the voluntary muscles at the given moment, and
particularly those muscles (as of speech) through which intelligent
expression is possible. Furthermore, consciousness seems to accom-
pany especially those cortical changes in which active learning is
taking place. As a habit becomes more and more fixed the con-
sciousness which goes with its exercise decreases, so that eventually
the habit may operate, as we say, automatically — without con-
sciousness.

If we accept these statements, we can suppose that most of the
decay of conducting ability in cortical synapses takes place “outside
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of consciousness.” The decay, or increase in resistance, occurs just

because the synapses are not being used. To this extent, therefore,
we are obliged to qualify our general principle that a man’s action
tendencies can be predicted from a knowledge of the total amount
of feeling which he has experienced in connection with different
forms of response. The unpleasantness which should accompany the
spontaneous decay of habits may be present in the sub-conscious
mind, but is ordinarily not given in the central consciousness of the
individual.

However, cases exist in which some of this type of unpleasantness
does appear in the central consciousness. When we are in an en-
forced state of mental inactivity, lacking new stimuli and without
any flow of creative thoughts, we usually suffer a form of unhappi-
ness called “ennui.” The state of “boredom” is similar to this.
Here, stimuli are present which are inoperative upon the cortex,
either because they are so familiar or because we are mentally
immunized to them. These unpleasant states can be attributed to
the spontaneous decay of synapses which are actually represented
in consciousness,

The condition of ennui is particularly liable to occur in individ-
uals who have relied mainly upon the pleasures of novel experiences
in their past. The brains of such people are filled with saturated
synapses which have no direction to move save towards increased
resistance or memory decay. The condition is especially serious in
an individual of this type who possesses no power of creative thought
or imagination. The unpleasant state called lonesomeness is closely
allied to ennui and boredom. It involves a brooding upon ideas
which have been generated in the past by intense personal stimuli.
The absence of these stimuli at the moment removes the necessary
support from under the high conducting values which the corre-
sponding synapses have acquired, and consequently they tend to
sink spontaneously — even while they are responsible for central
features in consciousness.

The Formation of Complexes

The principles of exercise and of decadence can be employed to
explain many forms of pleasure or displeasure which are lacking in
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a clear cut sensory basis. However, these principles are still in-
sufficient to account for all of the facts. The further idea which is
needed can be illustrated by reference to our previous cited examples
of cortical encouragement and discouragement. When the child
thrusts its finger into a candle flame, it learns something more than
not to put the finger in again. It learns to fear candle flames and
other similar objects. This fear is represented in consciousness, at
least in one way, by the fact that the sight of a candle flame has
become unpleasant. From this we can infer that the group of optic
nerve currents which result from the image of the flame within the
eyes, have become capable by themselves of increasing the resistance
of cortical synapses. Or, again, let us consider the case of the child
and the first piece of candy. As a result of this experience, the child
not only learns to reach for candy, but the sight of a sweetmeat
gives immediate pleasure. It follows from this fact that the cor-
responding optic nerve currents have acquired the power of de-
creasing the resistance of cortical synapses.

The principle which underlies the above instances is evidently the
following. Through asseciation, based upon an initial experience,
any stimulus (or the corresponding sensory nerve excitation) can
acquire the powers of an encourager or a discourager. The powers
which are acquired are those of the particular encourager or dis-
courager which is concerned in the initial experience. Thus, in the
case of the child and the candle flame, the candle-flame sensations
take on the functions of the pain sense which is operating along
with them. Also, in the case of the child and the candy, the visual
sensations which go with ‘“‘seeing candy” become endowed with
the powers of the sweet sense. The system of nerve connections or
the nervous mechanism which underlies any combination of this
sort may be called a complex. We choose this name because the
manifestations of the nervous mechanism in question are essen-
tially the same as those of the “complex” as described by the
Viennese psychiatrist, Sigmund Freud, in his famous theory.

Principles of Association

Before considering the bearing of our doctrines upon the Freudian
theory, we must first discuss some of the simpler relationships of the
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complex as we have defined it. The first point to be noted is that
the formation of complexes is based upon nothing more elaborate
or mysterious than the venerable principle of “association of ideas.”
According to this principle, if two sensations, ideas, or other factors
of consciousness, are presented a single time simultaneously, either
one of them will be capable, thereafter, of bringing to mind the other.
Thus, if we once hear Boston characterized as the home of baked
beans, this form of food will tend to make us recall the name of the
city when we see it, taste it, or hear of it again. In an exactly
similar manner, if we see a bee and are stung by it, the next time
that we see this insect — or any similar one — the pain of the sting
is brought to mind. The only difference between the two examples
is that the pain idea has a very definite bearing upon our behavior
at the time, while that of Boston may not have.

Thus far, we have considered the nature of a complex in a general
and popular way. We must now study its physiological and its
psychological properties separately and a little more definitely.
The principle of association is very old as a psychological doctrine,
but some modern improvements have been made in the manner of
stating the principle. The older method was to emphasize the units
which are associated. The newer method emphasizes the structure
or combination which results from the association, or — better —
which causes the latter. We believe that every moment of action
of the entire system of sensory nerve channels impresses itself upon
the cerebral cortex in a unified way. If we are looking at a street
scene while someone is talking to us and possibly certain odors are
reaching our nostrils and we are oppressed by the heat, all of this
combines in the cortex —as it does in consciousness — into an
integral whole. A principle which is more fundamental than that
of association is therefore, that at any moment the cortex operates
and records as a unit. The association principle reduces on this
basis to the statement that if a portion of such a unitary record is
reproduced at any later time, the entire record system will tend to be
excited, so that the original unitary consciousness will be rearoused.

In modern times, the association principle has been demonstrated
in animal behavior and thus has been given a physiological statement.
The Russian physiologist, Pavlov, showed that the secretion of
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saliva in dogs could be set off by the ringing of a bell, if such bell-
ringing had accompanied eating at an earlier time. The natural
stimulus to saliva secretion is the odor and taste of food, such as
meat. However, associative experience is able to endow an arbitrary
stimulus with the same power to start the saliva flowing. In the
same way, a cat runs for food when it hears a spoon rattle against
a dish, because it has learned to associate this particular noise with
eating. We may suppose that exactly the same thing happens to
our cortical encouragers and discouragers; through experience, control
of them can be passed over to any sensory channel or form of
sensory excitation whatsoever. The result is a complex. In fact,
the dog to which we have referred has a bell-(food) complex, while
the cat has a spoon-(food) complex.

Kinds of Complexes

It will be realized at once that there are as many classes of com-
plexes as there are cortical encouragers and discouragers. Thus we
may have pain complexes, bitter complexes, hunger complexes,
sweetness complexes, temperature complexes, sexual complexes, etc.,
etc. Freud and his followers have tended to limit complexes to
the sexual, but this is unnecessarily narrow. Moreover, complexes
can be complex. Pain and hunger, for example, may be combined
as discouragers in a single associative system. A particularly in-
teresting situation arises when encouragers and discouragers are
joined in this way. A great many of Freud’s cases involve such a
union of sex with pain. Here, a stimulus simultaneously arouses
erotic desire and fear, with distressing consequences for the individ-
ual.

The Freudian literature tends to emphasize and to overemphasize
the kinds of complexes which we regard as abnormal or reprehensi-
ble. However, as we have defined a complex, there is nothing
necessarily pathological about it. A vast number of our most useful
and praiseworthy forms of behavior are based upon complexes in
the sense in which we have chosen to employ the term. The funda-
mental principles which are involved are the same in all cases.
Whether or not a complex is considered abnormal will depend upon
the judgement of society rather than of psychology. If it gets us
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into trouble, either with nature or with man, a complex is ab-
normal; if on the other hand it proves an aid in life, it is normal.
Thus, to associate pain with poisonous insects is normal and helpful;
while to associate it with a nutritious article of food is abnormal.
Either association, if formed, would be attributable to some initial
impression, which in the last instance cited must have involved
some accidental combination of pain and the food substance in
question.

The Properties of Complexes

Before considering further special examples, we must examine
some of the general properties of complexes in relation to habit
formation, or the building up of definite action tendencies through
experience. A complex is something more than a habit. Itis a
habit-former. In the case of the child who has been burned by the
candle-flame, the visual stimulus of the flame image has acquired
the power to discourage cortical conduction which (power) was
originally peculiar to the pain nerves. This means that forms of
response which are tried out within view of candle-flames will be
discouraged, just as if they resulted in sensory pain. A child may
refuse to enter a room or a shop in which candles are burning, and
may develop a hatred for persons seen in such places even at some
later time when the candles are absent. The room or the person thus
become endowed with the pain effect, which can be passed on in
this way ad infinitum. Its final attachments may be so remote
from the original cause of the pain that the latter has entirely dis-
appeared from conscious memory.,

In applying these principles to cortical encouragers, we may con-
sider further the case of the child and the candy. The original ex-
perience has endowed the visual image of candy with the power to
decrease the resistance of cortical synapses. Hence any response
which the child tries out in view of candy will tend to be reinforced
and made permanent. Going to the candy store soon becomes a
habit, even if no candy isesecured. The child develops an admira-
tion for the man who owns the candy store, and so on. An elabo-
rate series of preferences can be built up in this way, by a process
of pyramiding on the original association, without ever actually re-
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turning to the crude sensory impression of sweetness. This can be
regarded either as a development of the original complex or as a
superimposing of other complexes upon the fundamental one. The
result is a gradual evolution of personality which is rooted in primi-
tive experiences of pleasure and pain.

It should be noted that our principle of psychological hedonism
is supposed to hold for all stages of this evolution. The growth of
action tendencies or preferences is always proportional to the total
amount of feeling which has accumulated in connection with them
during the individual’s biography. In the beginning, feeling is
mainly under the control of the ‘pleasure-pain” senses, but as a
consequence of association this control is delegated to agents of a
more complex and specific nature., Nevertheless, these substituting
agencies are effective in molding action tendencies only in so far
as they simultaneously determine the happiness of the individual.
The feeling passes from taste to sight, and from one thing seen to
another, or to a thing merely thought of; but the value of feeling
as an index of learning remains unchanged throughout this evolution.

Imstincis in Relation lo Complexes

The psychology of complexes is very closely allied to that of in-
stincts and emotions. In fact, in the present writer's opinion, the
theory of complexes provides the key to an understanding of so-
called instinctive behavior and emotional experience. During the
present century, instincts have played a réle of ever increasing
importance in psychological discussion. Some authorities seem to
regard them as the basis of all human action. Others deny that the
human being has any instincts at all. There is also considerable
disagreement as to what is meant by the term, “instinct,” and most
of the definitions which have been offered are lacking in clearness.
It is agreed, however, that instincts are physiological things, and
that the corresponding psychological phenomena are to be found in the
emotional consciousness. For every instinctive activity on the
physiological side, there is a correlated emotional process on the
psychological side.

The broadest definition which we could give to the term, “in-
stinct,” would make it stand for all of the response tendencies which

e,



THE PHYSIOLOGY OF THE HIGHER FEELINGS 159

are inborn, as contrasted with those which are learned during the
life of the individual. Such congenital response tendencies, or
habits of the species, must be attributed to nerve connections which
are established by heredity rather than by the processes of learning
which we have been discussing above. They are due to the structure
of the nervous system, as determined by the germ-cell. The lines of
lowest synaptic resistance which govern these congenital responses
are not products of “exercise” or of “cortical encouragement.”

However, if we use the term, “instinct,” to include all congeni-
tally fixed responses, it must cover the so-called “reflexes.” These
are usually so simple in their nature that they do not correspond to
the popular idea of instinct. Thus, winking and sneezing are
reflexes; but we do not ordinarily call them instincts. Nevertheless,
they are properly described as being instinctive, which means that
they were not learned by experience. The question therefore arises
as to whether there are any complex response tendencies of this class,
In lower animals, we seem to find plenty of instances of such com-
plex instinctive actions. The movements of a bee in forming and
filling a honey-comb, the nest-building activities of birds, the care
which a cat takes of its young, appear to satisfy the requirements of
the popular conception of instinct. However, it is necessary to study
the lives of the animals very carefully to be sure that no part of
these so-called instincts is learned by experience. Such studies
are on the whole favorable to the view that complex response
tendencies actually are passed on by heredity in most of the lower
animals.

When we consider the case of man, we find that there are plenty
of simple forms of response which are fixed by heredity. There is no
denying the existence of a multitude of innate reflex connections
within the human nervous system. However, the evidence for
clean-cut congenital action tendencies of a more complex character
is not at all satisfactory. The dominance of the cerebral cortex
in man seems to have obscured, if it has not eliminated, the com-
plex responses due to the lower nerve centers. The human infant
has to be taught many things which young animals seem to know
without instruction or experience. Nevertheless, there are numerous
fundamental similarities between the behavior of different human
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beings which suggest an hereditary determination. Thus, we are all
subject to the emotions of fear and of love. These seem to be the
conscious counterparts of instincts of escape from danger and of
sexual pursuit, respectively.

However, a difficulty arises in the fact that the things or the
persons which are feared or loved vary so widely between individuals.
It is quite evident that although fear in general may have an heredi-
tary basis, the exact thing which is feared depends upon experience
or learning. Apparently, we are not born with a fear of anything
in particular, but only with a general capacity to fear something.
Certain lower animals seem to be born with specific aversions; cats,
for example, apparently have an instinctive fear of all large, un-
familiar, moving, furry objects — which are usually other animals.
A cat reacts to such objects by hissing, raising the hair and either
running or standing very still — according to the proximity and
movement of the object in question. Such specific aversions are
difficult if not impossible to demonstrate in the naive human being.

Even if we thus deny the existence of full-formed instincts in man,
we still have a way of accounting for the similarities which are ob-
servable in the behavior of separate individuals. Although the
environment of each individual is special, there are nevertheless a
vast number of fundamental similarities between the circumstances
surrounding all men. This would tend to mold them all in accord-
ance with the same general pattern but, more important still, the
physiological mechanism of learning is the same for all human beings,
since this mechanism actually is laid down by heredity. The mech-
anism in question consists in the trial and error activity of the
cerebral cortex combined with the selective operation of the cortical
encouragers and discouragers. All men who come into contact with
fire inevitably learn to fear it, because from the nature of things it
must give them all pain. Fears are simply complexes based upon the
pain sense. Love, on the other hand, is a complex founded upon erotic
sensibility. Other so-called instinctive types of behavior can be
explained in the same manner.

The general doctrine which is suggested by these considerations is
that all so-called instinctive behavior in man is an associative ex-
pression of the cortical encouragers and discouragers. There can be
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no objection to calling such behavior “instinctive,” since the en-
couragers and discouragers are inborn systems. Moreover, their
initial activities are entirely determined by their hereditary prop-
erties. The first time that the child experiences pain, its reactions
are independent of previous experience. The second time, however,
the experience of the first pain response is involved in the reaction
which occurs. Thus, as the nerve paths are built up into a com-
plexity which surpasses that of the simple “reflex arc,” learning
plays more and more important a part in determining their exact
form. Nevertheless, there will always be a core of inherited factors,
around which the whole system has been constructed.

Emolions

If we adopt these views, our classification of human “instincts”
will follow quite simply from the list of cortical encouragers and dis-
couragers. If we regard emotions as the phenomena in consciousness
which accompany instinctive behavior, the fundamental emotion-
alities can be deduced in a similar manner. On the side of the
discouragers, the master agency, pain, will lead to movements of
“escape,” and emotions of “fear.” There will be as many different
kinds of escape reactions, and of specific fears, as there are things about
us or within us which have caused us pain, or in conjunction with
which we have accidentally experienced pain. The unpleasant odors
and tastes will yield food-rejecting reactions and emotions of “dis-
gust.” Cold will generate a shelter-seeking or house-building
“instinct.” The corresponding emotion has not been named, but
is nevertheless a vivid reality. Hunger, or gastric pain gives rise to
food-seeking activities, with the emotion of hunger or of ‘“being
starved.”

On the side of the encouragers, the pleasant odors and tastes lead
to food-taking reactions, and the emotion of hunger satisfaction.
Warmth yields rest reactions and “comfort.” The erotic sense,
chief of the “encouragers,” underlies the so-called sexual or re-
productive instinct. On account of its importance, nature could
afford to make the heredity of this “instinct” rather definite and
intricate. However, apparently a great deal has been left to
learning and experience, in the human being. It is extremely doubt-
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ful whether the preference of the male for the female, and of the
female for the male is determined by heredity. In the first place,
it is not apparent what the hereditary mental basis of this prefer-
ence can be, although it is quite evident how experience can teach
one to prefer the opposite sex. However, in the second place, in
spite of physiological inappropriateness, experience very frequently
establishes a preference for a person of the same sex. When it comes
to falling in love with a particular individual, this is obviously a
condition which is acquired.

We shall continue our application of the principles above de-
veloped, in the next chapter. We shall endeavor there to remove
certain difficulties which may have occurred to the reader, and we
shall pay particular attention to problems of emotional life.



CuAPTER XI
HUMAN HAPPINESS AND PERSONALITY

THE state of human happiness at any time is an index of the direc-
tion of development of human personality. Conversely, human
personality directs and limits the attainment of human happiness.
These general principles are an evident deduction from the views
which we have outlined in the foregoing chapters. What is the
thing which we call personality? Our reply is that it is the system
of response tendencies established by the principles of “learning by
experience,” which we have sketched above. On the side of conscious-
ness, personality is represented by so-called ‘““‘habits of mind,” or
“interests” and by the special emotional tendencies of the given
individual. These are the psychological counterparts of babits and
complexes.

Hereditary Differences Between Individuals

We have pictured the human infant as starting out in life with a
blank cerebral cortex, a variety of automatic reflexes, and a system of
sense channels which include encouragers and discouragers. All hu-
man infants are much the same, and we should be unable to predict
the personalitites which they will develop, by merely determining
their hereditary constitutions. However, we must not for this reason
suppose that there are no congenital differences between men which
are of importance in determining the contrasts which develop be-
tween these men in later life. Different lines of family descent will
show variations in the general properties of the nervous substance.
In some, for example, cortical resistances will be high and will
change slowly. In others, they may be low and change slowly, while
in others they are high at the start and alter rapidly with expe-
rience. Those with high initial resistances will have much to learn
by “encouragement,” and will be highly susceptible to pleasures;

while those of low initial resistances will learn relatively more by
103
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“discouragement” and will be more sensitive to unpleasant excita-
tions.

In case the cortical resistances alter slowly under the action of
sensory nerve currents, learning will be diificult, and the individual
will be apathetic, having relatively little feeling. These are all
merely quantitative differences in a general equipment which is the
same in qualitative nature for all of the individuals in the species.
Hereditary differences of a quantitative nature may also exist in
single sense channels, either in the sense organ or in the nerve
centers. Inferior vision or hearing may result from congenital
conditions and will exert an important influence upon the develop-
ment of the individual. Ewven more important in their influence are
differences between the encouragers or discouragers. Thus, an
individual may be born with an abnormally high sensibility to pain,
and consequently may develop a personality which is full of fears
and inhibitions. On the other hand, a congenital overexcitability of
the erotic sense may produce a sexual debauchée.

In addition to variations of the types above suggested, we must
also consider the facility with which the cortex produces trial con-
nections, as a basis for trial and error learning. We may be born
with cortexes which are either active or lethargic in this respect.
In the former case, we possess more than normal powers of imagi-
nation and initiative and we can learn faster than the average man
because we make more, and more different, trials. In the latter case,
we are apt to be powerless in the face of new situations, and look to
other men for guidance. The scientific investigator, the successful
novelist, the enterprising business man, are types which develop
from labile brains. However, this is again a quantitative difference
and does not determine the specific interests which the given in-
dividual will acquire, whether he will be scientist, author or entre-
preneur, and exactly what problems he will attack in his chosen
creative field. These must be settled by his environment, and yet
they become built into his personality.

Development of the Child

In the beginning, the child learns and forms his personality al-
most wholly by trial and sensory pleasure or pain. As preferences



HUMAN HAPPINESS AND PERSONALITY 165

become established, exercise plays an increasingly important role.
Complexes soon appear, at first with an evident sensory history.
These complexes take up their work of further molding the embry-
onic personality. They become sources of feeling in themselves,
without actually involving the special pleasure-pain senses. Habits
are formed in new situations under the control of existing complexes
as well as of the senses in question, and secondary complexes may
be established by association with the primary ones. Each step in
this process involves the environment in which the individual is
placed at the given moment, because each habit and each complex
is a linking together of particular stimuli and particular reactions.

It follows from these considerations that the fundamental steps in
learning or the education of a child must rest upon sensory pain or
pleasure. If we wish a child to form a certain habit, to react to a
given situation in a certain manner, we must catch him in the given
reaction and then reward him. If he fails to respond in the desired
manner we shall be compelled to punish him, until he finally does
the thing which is wanted. In this way we discourage all other
forms of response except the one required, and when the latter
arrives, we especially encourage it. Thus, it becomes the dominant
reaction in the given situation, and having achieved this standing
will build itself up by exercise until it becomes firmly fixed.

Parents and teachers in using this time-honored method should, how-
ever, avoid certain errors in its application which are sure to lead to
undesirable results. One of these errors consists in applying the reward
or punishment at too remote a time after the response has passed. For
example, if we are trying to stop a child from sucking his thumb, we
must punish himwhile he is doing this. Any unpleasant stimulus should
be effective in breaking up the response; a bitter taste on the thumb
or bodily pain no matter where inflicted, so long as it is simultaneous
with the act. If we desire the child to come into the house when
called, we must wait until he spontaneously reacts to our voice in
this way and then should immediately reward the behavior, if
possible while it is still in progress, with a piece of candy.

The problem of getting the very first reaction of the desired kind
to occur is evidently a difficult and crucial one. The punishment
of all other forms of response will obviously aid, but will not neces-
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sarily bring forth the required behaviour. Forcing the child’s
body by pushing or pulling it and manipulating its limbs will not
succeed because the action is not then under the control of the
child’s own nervous system. “Telling” the child to behave in a
certain manner will only be effective after words have been learned
and have acquired meanings; and even then the verbal command
will have little force unless it carries a threat or a promise. Lan-
guage conveys information but is practically powerless to mold
response unless it enters into a complex. We shall have more to say
concerning this function of language later on.

Another error which is liable to be made in the use of reward and
punishment, is to allow the pleasure or pain to become strongly asso-
ciated with the person who administers it. Thus if a father pun-
ishes his son for a misdemeanor by giving the latter a strapping
some time after the event, the principal thing which the son learns
is to hate his father and to avoid him. The only way of escaping
this consequence is through the feeble instrumentation of words, by
the use of which the father assures the son that the punishment is due
to the misbehavior and not to ill will. If possible, the punishment
should follow automatically and naturally from the act. Similar
considerations apply to rewards. Many parents and some teachers
have a tendency to overemphasize punishment and to neglect re-
wards. If the two methods are used about equally, the attitude
towards the person who administers them should be approximately
neutral in the end. This person will be loved as much as he is hated,
but the selection among the various forms of response which have
been influenced will be none the less definite.

The Réle of Language

The part which is played by language in education and the devel-
opment of personality is a very important and interesting one. The
meanings of words can obviously be established by mere association.
We hear the sound and see the object for which it stands, simul-
taneously. Afterwards, the sound will recall the object and wice
versa. Similar considerations hold for written words and for the
identification of written and spoken words. The method by which a
child learns to speak is probably more a matter of trial and error
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than it appears to be. Merely hearing a certain word gives the
child no information as to how to innervate his vocal muscles to
reproduce the sound. He must make sounds at random until the
right reaction is hit upon, and this must be sealed in by a pleasure
process. The procedure is the same here as elsewhere; when the
proper response appears it must be rewarded and other responses
must be punished. Success in vocal imitation may be a sufficient
reward after certain complexes have been formed, but not in the
beginning.

Many children exhibit the annoying characteristic of understand-
ing commands perfectly, but at the same time of paying no atten-
tion to them: of failing to “mind.” Such failure is evidently not
due to lack of intellectual association between the words and their
meanings. It is rather attributable to a failure of the words to set
off either a habit or a pleasure-pain process. If there is no habitual
response to the words of command, this is because the child has
experienced no predominant pleasure or relief from pain in con-
junction with these words in the past. If no pleasure or pain is
aroused by the words, themselves, there is no chance that their use
will alter the child’s reactions at the given moment, or change his
action tendencies for the future.

It is evident that words in themselves have no inherent power
of giving pleasure or pain. They are auditory or visual things, bear-
ing no innate powers of encouragement or discouragement. Yet,
experience endows them with tremendous potentialities of this sort.
A few words can submerge us in the depths of misery or elevate us
to heights of ecstasy. It is evident that they can acquire this power
only by association with more direct pleasure-pain experiences. One
word which is quite definitely associated with pleasure is the word
p-l-e-a-s-u-r-e, and with pain the word p-a-i-n. The name of each
sensation or feeling must be associated with the sensation or feeling
in question in order to be able to denote it. On the physiological
side, these words must constitute stimuli which are capable under
the right conditions of setting off processes of encouragement and
discouragement. Thus, when a bully tells a companion that if he
does a certain thing he will “get hurt,” these words may suffice to
stop the act.
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Belief and Moral Suasion

Words are effective in this way when they are believed. But it is
probably more logical to say that if words are thus effective, they
are thereby believed. Belief has to do essentially with language, or
with “things which are told to us.” If we react to the words as we
would to the things which they purport to represent, this is the
essence of belief in the words. The process of belief provides a
very important secondary mechanism by which encouragement and
discouragement are controlled. Thus, if I say to a man with a glass
of dark liquid before him: “Drink that and you die,” he will ordi-
narily desist from drinking unless he has reasons for disbelieving
me. If, on the other hand, I say: “Drink this and you will feel
better,” he will tend to imbibe the liquid. However, belief must
compete with habit and with cortical encouragement or discourage-
ment, when these factors are also present. If the liquid has the
odor of an alcoholic beverage, and if the man is a drunkard, he may
drink it even if he believes that it contains poison. This is the type
of struggle between “faith” and ‘““temptation” which has received
g0 much attention from religious teachers.

The words which directly describe pleasant and unpleasant ex-
periences are not the only ones which have an associative grip upon
the processes of encouragement and discouragement. Words of
moral suasion or dissuasion have a similar power with the majority of
people. To condemn an act as “bad” or “wrong” or “evil” is to
discourage the act, while to praise it as “right” or “good” is to
encourage its performance. What these morality terms mean prac-
tically to most people is the approval or disapproval of the human
group or groups of which they are members. Such approval or dis-
approval has important implications in terms of actual pleasure or
pain. If our acts are evil, we are apt to land in jail or be shunned
by our fellow men. If our acts are good, we are rewarded with
material goods and the respect of our fellows. Words which indi-
cate success or failure in particular situations have a similar power
to mold our behavior. For example, if we tell an ambitious young
business man that a certain act which he has been contemplating
indicates poor executive judgment, this will discourage him in the
act, if he believes our statement,
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In training the youth, it is obviously important that moral terms
should be brought into definite association with sensory pain and
pleasure, in order that later on they can act effectively as character
formers. This is done in common practise, by telling a child that he
“ought” or “ought not” to act in certain ways, and punishing him
if he fails to follow the moral dicta. Obedience may also be re-
warded by pleasure. In this way moral complexes are built up,
which are set off by the appropriate words. Individuals who are
not susceptible to moral suasion, and are apt to belong to the crimi-
nal class, failed to acquire these complexes in their early youth.
The operation of the morality words is an example of associative
encouragement or discouragement which has a hidden mechanism.
Very few of us clearly realize that the power of these notions over
our behavior is at bottom only that of our ‘““sovereign masters,”
pleasure and pain.

Changes Due to Age

The younger a person is the more do his processes of character
formation depend upon primary sources of pain and pleasure in
sensation. ‘These primary agencies are of course continuously
active throughout life, but the greater the number of complexes
which they form with other kinds of nerve activity the less impor-
tant their role becomes. In walking about in a new house, an adult
may learn to lower his head in certain places because in passing
through them he bumps his head. However, he is much more liable
than a child is to lower his head because he recognizes the danger
through vision. The general architectural arrangement which he
sees before him suggests pain and the suggested pain inhibits the
upright posture. Thus, we go on building up our system of re-
sponses in the majority of instances without direct contact with the
primary sources of feeling which we have called the sensory en-
couragers and discouragers.

It is natural that this proposition should be less true for the
encouragers than for the discouragers, because experience teaches us
to seek stimulation of the former and avoid that of the latter.
The enjoyment of good food teaches us to continue seeking it.
Erotic pleasure leads to the quest for repeated erotic experiences.
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However, the associative sources of pleasure are constantly in-
creasing as the personality of the individual becomes more and more
complex, so that relatively if not absolutely, the direct sources play
a diminishing part. Persons whom we regard as having well de-
veloped and refined natures tend to disregard simple sensory pleas-
ures. Even in the domain of sex, things seen and heard become
important sources of pleasure and influence, as proven clearly by
the popularity of erotically suggestive pictures, stories, costumes,
and stage presentations.

As a person advances in age, certain physiological changes occur
which have an important bearing upon the development of his
personality and upon the means of happiness which are available to
him. One of the most important of these changes occurs at pu-
berty, when erotic sensibilities are markedly heightened. This
general change is determined entirely by congenital forces, but its
exact outcome for the individual will involve his reaction with the
given environment. Later in life, the erotic sensibility decreases,
and the capacity for sensory pleasure may disappear entirely. The
reflexes associated with the sexual function may become inoperative,
Under these conditions, sex habits which directly involve these
reflexes and excitations must necessarily remain unexercised. How-
ever, other habits having an erotic foundation may remain un-
affected. Thus, the age of the individual helps to determine what
his effective means of habit fixation shall be, and what habits which
have already been prepared in the past shall remain operative.

In addition to the special changes which are associated with the
reproductive function, there are other more general alterations which
come with increasing age. One of these is the well-known decrease
in ability to learn new things. This must mean that the resistances
of the cortical synapses tend to become fixed or hardened with time,
so that the same forces have a lessened influence upon them. It is
in harmony with our doctrine that this change should be accom-
panied by a reduction in general intensity of feeling, whether pleas-
ant or unpleasant. Another reason why it is so difficult to *“teach
an old dog new tricks” is that he has already learned so many
tricks in his youth. The supply of fresh synapses to be worked
on has been appreciably reduced, and a new habit is very apt to
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conflict with some form of response which is already very thoroughly
ingrained.

The principles of personality development which we have sug-
gested above evidently allow for a wide variety of products. Spec-
ial circumstances will utilize these principles to form widely different
kinds of response systems. The general physique of the indi-
vidual will play an important réle in determining the end result.
An environment which is dangerous and cruel may make a coward
out of a weakling, and a heroic character out of a strong organism.
Rewards of pleasure based upon actions which are appropriate to
success will lead to further success and a constant accumulation
of practical strength of character. However, if such rewards follow
accidentally from behavior which is not adequate to bring them
again, the outcome will be later failure and a disintegration of
morale. Strong personalities are those which have been consistently
built up on a coherent foundation, in which the pull of pleasure
and the push of pain are in the same direction, when this is the
direction which leads to success.

Egoism vs. Allruism

In practically all individuals, the entire system of complexes
tends to center around the idea of oneself. The natural operation of
the pleasure-pain senses is directed towards the welfare of the indi-
vidual whose senses they are. A possible exception to this statement
is found in the case of sex, where the biological purpose is the pro-
duction of a new individual. However, the motive which appears
in consciousness is selfish pleasure. Thus, all of my complexes
operate primarily to bring me pleasure and to enable me to avoid
pain. The system as a whole may be regarded as forming a self or
ego-complex, because of this common tendency of all of its com-
ponents. However, there is another somewhat different type of ego-
complex which has to do with a man’s relation to his fellow men,
The more highly we are esteemed by others, the better are our
chances of a happy life. The mining engineer with the greatest
reputation in his field will command the highest salary. Hence, we
easily learn to regard ourselves as superior to others in one way or
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another. Although we may not realize the fact, this vanity is an
attempt to raise our bread and butter standing in the community.

The above statements are not meant to imply that all of our be-
havior is necessarily selfish in its intention and outcome. It is only
true that the forces which control us necessarily operate through our
own feelings. The ideas and acts which these feelings support may
in many cases be highly altruistic. The care of a mother for her
child is determined by her own feelings rather than by those of the
child. She feeds, clothes and watches it carefully because this is
the behavior which gives her the greatest happiness in the home
circle. Nevertheless, all of her acts are intentionally and as a rule
are really beneficial to the child. In the same way, a great states-
man or religious teacher follows the line of conduct which has given
him the greatest satisfaction in the past, although his intellectual
intentions may be couched wholly in terms of the welfare of his
nation or his race. In democratic countries, men who are in the
public eye are placed in a situation where at least an apparent
interest in the public weal is a prerequisite of their own happiness.

Repressed Complexes

Thus far, we have said very little concerning those so-called ab-
normal elements of personality which Freud calls repressed com-
plexes, and which have been most emphasized in the discussion of
complexes in general. These undesirable factors are due to a con-
flict of tendencies, depending upon the simultaneous association of
pain and pleasure with a single idea. Or to put the situation physi-
ologically, the same response has been both strongly encouraged and
discouraged. For example, a child may develop the habit of solitary
sexual gratification, and be discovered in the practise and punished
severely. If the pain is made more intense than the pleasure, the
habit will be interrupted, but the associative connections will remain.
The habit will tend to recur but will be stopped by fear. The re-
sulting conflict will distract the mind and divert its energies. As
Freud points out, civilization and even nature enforce repressions
upon practically all individuals, especially in the case of sexual
reactions.

A state of repression exists when a complex is unable to get direct



HUMAN HAPPINESS AND PERSONALITY 173

representation in consciousness. In this condition the complex may
still be able to influence the individual's behavior, so to speak, sur-
reptitiously. Consciousness may also be affected in a similar man-
ner. A repressed complex acts as if it were part of a separate
personality, carried in the same brain as the primary personality
and interfering with the activities of the latter. Sometimes this
apparently separate personality becomes quite involved and well
organized, so that we feel justified in believing that we are dealing
with a case of ‘““dwal personality.” More than two such systems
are possible and exist in cases of “multiple personality.” The
normal human mind is in a condition of incipient or partial dual
personality. The amount of duality varies from one individual to
another. Some people have a great store of repressed complexes —
things they would like to do but dare not — while others have rel-
atively few.

Freud explains a large number of mental phenomena as results of
the action of repressed complexes. Many lapses of memory are to be
accounted for in this way. Suppose, for example, that I have been in-
jured by Mr. A, but that I am compelled to remain on apparently
good social terms with him because he is a member of my lodge.
In making out a list of members of the lodge, I inadvertently (?)
omit his name. Slips of the tongue and of the pen have a similar
explanation. Suppose that I have sworn off on smoking because my
physician tells me that I have a smoker’s heart. I enter a drug
store intending to ask for a soda. Instead, I ask the soft drink
server for a smoke. The combination of the store (where tobacco is
sold) with the “s” and “0” in “soda” set off the old habit, without
any reference to conscious intention. Phenomena of this kind
strengthen our belief that the sub-conscious mind is a reality.

The Nalure of Emotion

The question as to the nature and cause of emotions is closely re-
lated to the problems which we have been considering above. A
very plausible view regarding emotions is that they are the conscious
expression of instincts or instinctive tendencies. If we define in-
stincts as physiological mechanisms, then emotions are the cor-
responding psychological activities. Hence, if we adopt a fixed
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catalogue of instincts, the list of emotions will be determined ac-
cordingly. For example, there will be the “instinct of escape”
to which belongs the emotion of fear; the “sexual instinct,” carry-
ing with it the “emotion of love,” and so on. However, the in-
terpretation of instinct which we have advocated in the present
book, allows a somewhat freer treatment of the problem of the
emotions. According to our view the central features of human
instinctive behavior are the cortical encouragers and discouragers,
the pleasure-pain senses. Emotion should accompany their operation
under certain conditions.

A survey of the facts leads to the conclusion that emotion arises
when we face a situation which strongly excites the pleasure or pain
sensibilities but for which we have no well prepared reaction. In such
a situation we are compelled to institute a process of trial and error
and learn an appropriate response. When such a response becomes
settled the emotional consciousness or experience disappears. As an
illustration, we may consider the case of a baby who is being pricked
by an open safety pin. The infant cries violently and wriggles
about until relief is obtained. An older child has learned how to
react to a pin prick so as to get rid of it immediately, and so ex-
periences less emotion in connection with such a stimulus. Or, con-
sider the case of an adult who finds himself face to face with a bear.
If this is the first encounter with such a wild animal and if the man
is unarmed, he will experience extreme fear. However, if the man is
an experienced hunter provided with a gun, he has his reaction ready
and the emotion is absent. The unpleasantness which is aroused
by the sight of the bear is evidently produced by association rather
than by direct stimulation of the pain sense.

A rather clear-cut example of an emotion due to lack of pre-
paredness is the “fright” or “surprise” which is occasioned by the
sudden appearance of a person or an animal where none was ex-
pected. If you believe yvourself to be alone in the house, and some-
one enters your room, you are startled. This is because all responses
to persons have temporarily been eliminated. As soon as these
responses are reinstated, the shock subsides. Sorrow, due to the
death of a friend or relative, can be attributed to the impossibility
of any adequate or even useful reaction to the event. The bereaved
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person may exclaim, “What shall T do? What shall I do?” but
there is nothing that can be done to alleviate the unpleasantness of
the situation. The loss of a close associate places us in a position
where we must relearn a very large number of responses. The habits
which we have formed about him must lapse, and others must be
built up to replace them. When this reorganization of responses
has been accomplished the sorrow disappears.

Psychologists have indulged in a great deal of discussion concern-
ing the exact nature of the emotional consciousness. The majority of
psychologists have agreed that feeling is an essential part of emotion.
They have believed that emotional consciousnesses must be strongly
pleasant or unpleasant, regardless of their other characteristics.
William James, however, advocated the view that the essential
feature of an emotion is to be found in certain organic sensations,
which are absent in the normal consciousness. James asserted that
“we are sorry because we cry,” rather than the converse. In other
words, a stimulus causes tears to flow and the sensation of lach-
rymation constitutes the substance of the emotion. An emotion also
involves a sense of strong muscular activity or tension. Feeling may
be present, but is not essential.

It will be appreciated that the positive side of this Jamesian theory
is quite in harmony with our own account of the conditions which
underlie emotion. When a pleasure or pain sensibility is excited, de-
finite muscular reactions are set off in a purely “reflex” or mechani-
cal way. Thus, extreme pain causes the shedding of tears; and with
fear there is quickened breathing and heart beat. These organic
processes arouse corresponding sensations in consciousness. At the
same time there is a general release of energy from the cortex, repre-
senting an attempt to find a successful method of meeting the situ-
ation. Since there is no well prepared channel through which the
outgoing nerve currents can flow efficiently, they tend to overflow
diffusely into all of the muscles. This results in a general state of
bodily tension which is reflected by the corresponding sensation in
consciousness. The condition of general tension is most marked in
the intervals between “trials” at meeting the situation. These are
the periods during which “we can think of nothing to do.”

It is evident that the present writer does not agree with James’
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contention that feeling is not an essential part of emotion. This
disagreement will probably be shared by the reader.

If we regard the problem of emotion in the manner suggested
above it is not necessary to limit the catalogue of emotions to a list
which is restricted by the number of supposed instincts. The
emotions of a child would be limited in the beginning by the simple
sensory sources of feeling. However, as complexes are formed, the
stimuli to feeling become more numerous and varied. The nature
of these complexes will be determined by the particular experience
of the given individual, and the possible emotional consciousnesses
will vary accordingly. The exact circumstances in which a given
complex is excited must also be taken into consideration. Thus a
fear may be realized or on the other hand, the threatened danger
may fail to materialize. In this way either despair or relief may
result, as emotions having a single complex as a basis. In the same
way, a desire may lead either to satisfaction or disappointment.

The Role of Thought

Something should be said canéemhlg the part which is played by
thought in the development of personality and in meeting situations
in the interests of happiness. Thought is not a unique and myste-
rious activity of mind. There are many different kinds of thought
and the way in which they work is fairly obvious. Most of our
thinking is mainly reacting. We sit down to think with a paper
and pencil. When we write various words and numbers we are
reacting muscularly to some stimulus which has “set us thinking.”
Sometimes we think by talking to someone, and this is again a
muscular reaction. The same is true of “talking to oneself,” which
1s a moderately efficient way of thinking. However, it is quite
possible for thinking to be carried on exclusively in the brain and in
consciousness, without overt expression. In this case we have some
of the conscious processes which might accompany listening to our-
selves talking, without the talking actually occurring. The talking is
inhibited, probably with considerable difficulty.

Thought is essentially the same in function as language. It is a
symbolic representation, using words or other signs, of something be-
sides itself. Such representation is made possible by the principle
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of association. There are apparently two general methods of solving
a practical problem by the application of thought. One is the so-
called method of logical deduction, of which a good example is
arithmetical computation. This method never teaches us anything
which is fundamentally new. It merely enables us to tranform
knowledge which we already possess into a formula which may have
improved intelligibility. Thus, if we know that a plot of ground
is a rectangle and has sides one hundred feet and sixty feet, respec-
tively; we can compute its area as six hundred square feet. But
this is merely another way of stating the same geometrical char-
acteristics of the plot.

The second method of thinking is that of symbolic “trial and
error.”” The first step is the most difficult. It consists in *think-
ing of a new idea.” The second step is to “see if it will work.”
This second step may consist in actual experimentation, or it may
only be a matter of drawing diagrams. It may even be reduced to a
process of bringing forward verbal statements which bear upon the
“new idea,” to see whether they are consistent with its applica-
bility. In any event, the idea goes through a period of criticism
and is either accepted or rejected. The experimental method tests
the idea by putting it immediately into full action. The other
methods accomplish a similar result less conclusively by means of a
symbolic representation of an experimental test. Their advantage
over the experimental method is that they are quicker and cheaper.
Hence, men who can think new thoughts and test them symbolically
so as to imitate the outcome of actual practise, are men who suc-
ceed quickly and more completely than do others. The scientific
control of life consists in supplying the imagination with a maximum
number of accurate facts about the world; and then testing imagi-
nation’s products with similar facts.

Intelligence and Planning for Fulure Happiness

Our doctrine that human personality and behavior rest upon
past happiness or feeling as a motive seems to conflict with the
ordinarily accepted idea that our motives lie in the future. The
ability to think is supposed to enable us to regulate our present
actions in the interests of future happiness, and behavior which is
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thus controlled is characterized as “intelligent.” Now, psychologi-
cally, it cannot be true that motives lie in the future, because a
man’s constitution — which determines his behavior — is a product
of the past. The future, which has not yet come into existence,
cannot influence action. It is only our present expectation of the
future which can operate in this way, so far as the future is repre-
sented at all in the situation. Nevertheless, the greater a man’s
intelligence and “foresight,” the greater the part which such ex-
pectation seems to play in determining his conduct. How is this
possible?

It is possible only because in the past, such intelligent planning
for happiness has actually resulted in more happiness than have
alternative procedures. Planning for happiness is a form of action.
If such planning is based upon facts it is bound to succeed. This
type of action will therefore summate more happiness on the aver-
age than will any other type.

In this way the organization of behavior in the interests of future
happiness can become a habit; and it is a kind of habit which —
once started — tends to perpetuate itself because it is constantly
reinforcing its own motive power. It is like a steam shovel digging
coal out of a mine. It can never lack energy for its own operations
and provides the power for other machinery as well. Such intelli-
gent direction is never exclusive of other interests because it min-
isters to other habits at the same time that it is perpetuating itself.
The origins of intelligent control are to be looked for in the same
kind of processes which generate all kinds of initial activities. In
the beginning, intelligence is merely a “trial.” In general it is a
difficult trial to make, because it involves relatively complex brain
mechanisms. Animals and children show very little evidence of it.
The majority of adults cannot learn it by mere suggestion from
others, but must be forced to it as the only successful alternative
when all others have failed.

Such failure does not consist as a rule in the non-fulfillment of
expectations, but rather in the low degree of happiness which ac-
companies the “unsuccessful” acts. Because of this low degree the
acts in question do not develop any appreciable motive power and
do not become permanent habits. On the other hand, in so far as
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acts are based upon truth and are directed thereby towards the
attainment of happiness, in so far will they accumulate a history of
happiness successes. And so they will become permanently installed
in our repertory of preferred lines of conduct. It follows from this
reasoning that our doctrine that psychological motives consist in
past happiness necessitates that men should form the habit of plan-
ning for future happiness. In addition, it follows from our theory
that men will act automatically in the interests of future happiness
in so far as experience in the past has taught them anything at all,
if we suppose that the conditions for the realization of happiness
are the same in the future as in the past. Intelligence consists not
only in planning for happiness on the basis of proven facts, but in
possessing habits of action which are the natural outcome of repre-
sentative experiences.



CrarrEr XII
THE PHYSICS OF NERVE ACTION

In the last few chapters we have been considering some psycholog-
ical problems which are of a common-sense and practical nature.
We must now return from these to delve once more into questions
of a more subtle kind, which are seldom considered in popular con-
versation. An examination of these questions is required for an
appreciation of the mystery of mind in its entirety. The knowledge
which comes with an answer to such questions is essential to any
attempt to solve the mystery.

We must first remind the reader of the principles which have
already been set forth in earlier chapters. Let us recall that con-
sciousness is the central fact of mind. Let us remember that con-
sciousness and the material world of physical science are two entirely
different and separate things. Let us not forget, however, that these
two systems are bound together by laws, so that the changes which
occur in one seem to be determined by those which take place in
the other. The particular small part of the physical world upon
which my consciousness seems to depend is a group of nerve activ-
ities located in my cerebral cortex. It is within this cerebral cortex
that my personality is built up along the lines laid down in the pre-
ceding chapter. If we are to understand the foundations of conscious-
ness we must know the intimate nature of the cortical mechanism,
It is not sufficient to talk vaguely of synaptic resistance and nerve
currents. What is this thing called synaptic resistance? What is
the real nature of the nerve flow?

Before we can intelligently seek for an answer to these questions
we must appreciate what the general character of such an answer
must be. It must inevitably be couched in terms of modern physical
theory. This is the theory which we have sketched briefly in the
third chapter of the present book. It represents the physical world

130
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as a vast, intricate whirligig of electrical particles, protons and
electrons. These particles exist in space and time, and they act
upon one another at a distance by means of so-called electrical and
magnetic fields. These fields, of varying strength, bind them to-
gether into aggregations of varying complexity. The simplest
aggregation is the hydrogen atom, while the most complex one is
probably the human body. Within the human organism the most
intricate organ is undoubtedly the cerebral cortex. The cortex and
all other parts of the nervous system are fundamentally nothing but
combinations of electrical particles, and hence the ultimate account
of nerve action must be given in terms of electrons and protons.

To develop such an account would have been a very difficult task
not so many years ago. At present, however, we are in the happy
position of being able to “explain” nerve processes in fundamental
terms in a fairly satisfactory manner. Of course, a great deal still re-
mains to be learned but the mantle of mystery has been removed
from many aspects of nerve function by recent investigations.

The Physical Structure of Nerve

We must begin our explanation by recalling that a nerve, such as
we can find by ordinary methods of dissection, is a bundle of very
fine threads known as nerve fibres. These fibres are of various
diameters but are all so small that they cannct be recognized indi-
vidually without the aid of a microscope. Each one of them is a
living cell which has been drawn out into highly elongate form.
Nevertheless it still retains the general characteristics of such cells;
it has a generally liquid substance, but with suspended solid parti-
cles such as the cell nucleus, and the whole is surrounded by a mem-
branous envelope. When we say that the cell is “living” we mean
that it has a very complex chemical constitution, which enables it to
undergo certain changes and yet afterwards restore its original con-
dition by absorbing and assimilating fresh supplies from the world
outside of itself. In the case of the nerve cell, these changes con-
stitute the nerve current or process of excitation. (See Fig. 14.)

A chemical analysis of the liquid substance of the nerve fibre
reveals the presence of considerable quantities of carbonic acid. This
is the same substance which gives soda water its sting, and is pro-
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F1c. 14. A NErvE CerL. (After Quain)

The nerve cell consists of a cell-body, with a number of collecting fibres or
dendrites. The fibre, A, is the “axon” or outwardly conducting fibre, groups of
axons making up “nerves.” The axon of this particular cell actually extends a

relatively enormous distance in comparison with the small section of its length which
1s represented in the figure.
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duced by respiration. Carbonic acid is made up of molecules which
contain three kinds of atoms, those of carbon, hydrogen and oxygen
respectively. Each of these atoms is of course composed of electrons
and protons. The hydrogen consists of one particle of each kind,
as already noted; while the carbon has twelve and the oxygen six-
teen of each. When carbonic acid molecules are in the presence of
water molecules, they break up in a peculiar manner. The single
proton which belongs to the hydrogen atom separates from the
remainder of the molecule and floats off by itself. Since the hydro-
gen electron stays with the carbon and oxygen, the latter have an
unneutralized charge of negative electricity. The proton, on the
other hand, has or is a corresponding positive charge. Thus the
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Fic. 15. TrE Tontzation oF CARBONIC AcCID.

The left-hand portion of the figure represents a single molecule of carbonic acid,
while the right-hand side shows the three particles into which it disintegrates when
in the “ionized " condition.
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liquid body of the cell is provided with a large number of free or
uncombined electrified particles, one type of which is very tiny and
the other very much larger. (See Fig. 15.)

All of these particles, whether or not they have unbalanced elec-
trical charges, are in a state of rapid vibration, which represents the
heat energy of the cell. In the course of this vibratory motion they
collide with one another and are continually altering their relative
positions. It is natural that the smaller particles should slide past
their neighbors more readily than do the larger ones, which have a
far greater volume and more projecting points. The particles are
confined within the boundaries of the cell by the surrounding mem-
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brane. However, this membrane must itself be made up of mole-
cules, and hence must be porous to some extent. Very minute
moving specks such as the hydrogen proton, or “ion,” should be
expected to pass through the pores or interstices between the mem-
brane molecules. The larger “carbonate ions” will pass through
with greater difficulty, if at all.

(13 . .
Polarization™

The practical outcome of these tendencies is that the protons or
hydrogen ions sift rather freely through the membrane while most
of the carbonate ions are held back inside of the fibre. It might be
thought that the protons would wander away from the neighborhood
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Fi1c. 16. DracraM oF A NERVE FIBrE 1N THE UNEXCITED STATE.

This is a symbolic section of a nerve fibre, showing the polarization laver. M
represents the porous membrane, N the layver of large negative ions, and P the outer
layer of smaller positive ions, which can pass through the holes in the membrane.

of the cell altogether, but this is not the case. The positive elec-
tricity which they contain causes them to be attracted to the cell,
because the latter still contains the negative electrical particles with
which they were originally combined. The result is that an adhering
layer of positive particles (the protons) is formed all around the
outside of the cell. The negative (carbonate) particles are attracted
in turn by the positive particles so that they hug the inside of the
membrane and form a negative layer within. This arrangement is
known as an “electrical double layer,” and the cell or fibre is said
to be “polarized.” (See Fig. 16.)
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If such a state of polarization actually exists at the surface of
a nerve fibre, it should be possible to demonstrate it by means of an
electrical measuring instrument such as the galvanometer. It is a
fact that if one end of a wire is inserted into the substance of a
nerve and the other end is connected to the outside, an electrical
current flows through the wire. The fibre acts like an electrical
battery. This current is called “the current of rest” because it
exists when the fibre is in the resting or unexcited condition. Its
existence may be regarded as proof that the state of polarization
which we have described is a reality. It may seem strange that the
fibre should be thus electrified when it is in the so-called inactive
condition, but it must be recalled that a living cell is never wholly
inactive. If the cell were to die the current of rest would disappear
as a consequence of the disintegration of the membrane.

“Depolarization”

The next question which we must consider is as to what happens
when the nerve fibre cell is stimulated, so that a nerve current
passes along it. One way of seeking an answer to this question is
to find out by experiment what happens to the “ current of rest ” when
the nerve current goes by. The test shows that, paradoxically enough,
the effect is a marked reduction in the strength of the former.
This reduction is known as the ‘“‘negative variation,” and some-
times as the “action current.” Now there are apparently only
two ways in which we can account for this depression of the current
of rest during excitation. Either some of the protons on the outside
of the fibre retire again to the inside, or else some of the negative
carbonate ions temporarily escape from the cell.

The latter explanation is evidently the more plausible one since
these negative ions are constantly bombarding the membrane from
the inside, as if endeavoring to obtain exit. If they succeed in get-
ting out during the excited state this may be due to an increase in
the force of their bombardment, or on the other hand to an increase
in porosity of the membrahe. If we were to accept the first ex-
planation we would be compelled to assume that the heat energy
or temperature of the cell suffered a temporary increase, and the
most delicate measurements show that there is no effect of this kind
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whatsoever. We must therefore suppose that excitation or the pas-
sage of a nerve current is attended by an increase in the sizes of the
openings which exist between the molecules composing the membrane.
This augmentation of the porosity of the membrane, so that large as
well as small particles can pass through it with some ease is one of
the essential features of the state of excitation. Another essential
feature is the accompanying decrease in the polarization: a depo-
larization. (See Fig. 17.)
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Fic. 17, DiacraM oF A NERVE FIBRE IN THE EXCITED STATE.

The general principles of this diagram are the same as those explained in Fig. 16.
However, at the left-hand side the fibre is represented as being in the excited con-
dition, the holes in the membrane being enlarged so that the negative particles
can pass through, thus neutralizing the polarization layer in this region. (See Text).

Excitation and Conduction

If we accept the above account, the excitation of a nerve and the
passage of a nerve current must be conceived somewhat as follows.
The action of the stimulus first tends to make the membrane more
porous at the point at which the stimulus is applied. This causes a
local reduction of the polarization, due to the escape of the negative
ions. These conditions now spread rapidly along the fibre, immedi-
ately adjacent points being affected first, and these pass the dis-
turbance on to further points, until it finally reaches the opposite
end. Thus, the state of the fibre at any point through which the
current is passing is the same as that at the point of initial excitation.
The current is produced because nerve substance in excitation be-
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comes a stimulus to the excitation of adjacent nerve substance.
This action has often been compared with the spread of fire along a
train of gun-powder or other inflammable material. The speed of
the nerve impulse is about three hundred feet a second in human
NEerves.

It would be interesting to have a more detailed explanation of the
manner in which the state of increased porosity and decreased
polarization spreads along the membrane. This explanation is
suggested by certain facts regarding the conditions under which
nerves are excited by the electric current. It has long been known
that electricity is a very effective stimulus for all kinds of nerves.
When an electric current acts upon a nerve it necessarily enters at
one point and leaves at another. If we regard the electric current
in a wire as a stream of electrons, the end of the wire at which the
current enters will be negative, while that at which it leaves will be
positive. The nerve is being sprayed with electrons at the negative
end and electrons are being sucked out of the nerve at the positive
end. A moment’s thought will show that the polarization of the
nerve membrane will tend to be increased at the positive end and
decreased at the negative end of the wire. This is because the re-
moval of electrons from the former location intensifies the layer of
positive ions on the outside of the membrane, while the addition of
electrons in the latter location at least partially neutralizes this
layer.

Now we have already associated the neutralization of the positive
layer with the act of excitation. Neutralizing this layer is equiva-
lent to depolarization, for it makes little difference whether the
negative particles come from the inside of the fibre (carbonate ions)
or from the outside (electrons). Hence we might anticipate that the
nerve would be excited by the electric current at the negative end
of the wire, and experiment shows that this is the case. It is found,
however, that this excitation is only femporary, since it occurs when
the current is first turned on, but is not sustained with continued
current flow. This leads us to believe that the nerve finds some way
of overcoming the neutralizing action of the electric current. The
most plausible way of accounting for this effect is the following.

The original polarization, or electrical double layer which encloses



188 THE MYSTERY OF MIND

the membrane during the state of rest is due to the sifting action of
the membrane upon the positive and negative ions. This allows the
positive ions to pass through more readily than do the negative
ones. However, we may suppose that a considerable number of the
latter find their way through the membrane, so that the polariza-
tion is not as strong as it might conceivably be. This makes it
possible for the membrane to increase its polarizing action by con-
fining the negative ions more effectively. It can presumably ac-
complish this by packing its constituent molecules together more
closely than ordinarily, a condition which is the exact opposite of
that which is produced during the state of excitation, in which the
packing becomes looser. We may therefore suppose that the con-
tinuous action of the electric current at the negative end of the wire
fails to produce a continuous nerve current because the membrane
combats the current by decreasing its porosity below that which
characterizes the normal resting condition.

This explanation is confirmed by numerous further observations.
One of these consists in the fact that the nerve becomes excited at
the positive end of the wire when the electric current is shut off.
While the current is “on,” the nerve at this point is subject to an
action which tends to increase its polarization above normal. We
may therefore expect it to react to this abnormal condition by a
measured increase in porosity, which cuts down its own polarizing
tendency. Thus a normal degree of polarization would be reés-
tablished, a portion of this being due to the outside electric current.
If this current is suddenly cut off, the membrane will be “caught
napping,” so to speak, and its polarization will suddenly fall to a
subnormal value. This should result in excitation, just as is the
case when the electric current is suddenly applied at the negative
end of the wire.

The Basis of “Excilability”

The facts concerning variations in the excitability of nerve fibres
also have a bearing upon this principle of ‘““compensation.” Ex-
citability is measured in terms of the weakest stimulus which will
suffice to set the nerve into action. The stronger the stimulus which
is required the lower is the excitability. Now experiment shows
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that when an electric current passes continuously through a nerve,
the excitability increases at the negative end of the wire and de-
creases at the positive end. This must be due to some change in
the structure of the nerve substance at these two points. It is
natural to suppose that this change is identical with the adjustments
in porosity which we have just considered. If this interpretation is
accepted, it follows that decreased porosity means increased excila-
bility and vice versa. This is because the porosity has been supposed
to increase at the positive end of the wire, where experiment shows
that the excitability decreases, while opposite conditions are assigned
to the negative end of the wire.

Such linkage of degree of porosity with excitability or its opposite
is further suggested by the condition which is known as “refraclory
phase.” 'This is the state which the nerve fibre assumes immediately
after it has been excited. The state is called “refractory” because
further excitation is impossible, regardless of the intensity of the
stimulus which may be applied. Now we have assumed that the
condition of excitation involves a marked increase in the porosity
of the membrane, and hence the refractory state should be expected
if increased porosity means decreased excitability. Another way of
looking at the matter is to say that if the nerve fibre is already ex-
cited, it cannot respond to a stimulus because it is already respond-
ing. The situation is like that in which we ask a man to walk when
he is already walking. However, we might reasonably command
him to continue walking, but the analogous thing cannot be done
to a nerve in the refractory state. It is deaf to all commands.

When a nerve recovers from the refractory condition it regains its
excitability gradually. Of course the process is actually very rapid,
occupying only a small fraction of a second, but experiment is
nevertheless capable of showing that the excitability begins at a
very low value and rises continuously. It is a striking fact that
this rise does not cease when the normal excitability has ‘been re-
established. There is an overshooting, which reaches a certain point
and then gradually subsides again. During the period of recovery
the membrane must be becoming constantly less porous. It finally
reaches the normal condition of porosity, and passes through this in
the overshooting phase into a state of porosity less than normal.
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(See Fig. 18.) The change in porousness is one of the essential
features of the excited condition and consequently the restoration
of the original structure is required for the disappearance of excita-
tion. It is evident that a nerve fibre is excitable in inverse propor-
tion to the degree in which it is excited. To be excited it must be
porous, but to be excitable it must be non-porous, or relatively so.
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Fic. 18. CuorveE oF REcovERrY OF EXCITABILITY 0F NERVE AFTER A PrREVIOUS
Stimurus. (This figure is reproduced from Bayliss, Principles of General Physiol-
ogy, 1915, p. 380.)

The curve shows that immediately after stimulation the excitability is reduced
to zero, after which it recovers gradually, reaching the normal condition in about
one-eightieth of a second. This is followed by a period of temporary excess ex-
citability.

The Mechanism of Conduction

We may now return to consider the manner in which the nerve
current is passed on from one point to another of the nerve. We
have seen above that a nerve can be excited by the action of an
electric current which tends to destroy its polarization. This must
mean that reduction of the polarization is followed by an increase
in the porosity of the membrane. Otherwise there would be no
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complete state of excitation. But we have already seen that an
increase in the porosity must necessarily be followed by a decrease
in the polarization. Hence we must conclude that these two fea-
tures of the nerve process are mutually dependent. If either of them
is altered, the other will follow.

The passing on of the nerve excitation from one point to another
of the fibre can therefore be explained as follows. Let us suppose
that the stimulus acts to increase the porosily, as its first effect. This
will be succeeded at the same point on the fibre by a decrease in the
local polarization. However, this depolarizing effect will not be
limited strictly to the region which is initially affected by the stim-
ulus. The excited region is similar to a hole in the membrane, and
the negative carbonate ions escape freely through this hole. They
not only neutralize the positive ions which are directly over the hole,
but they spread away from the edges of the latter and neutralize a
ring of ions around the border of the hole. This border ring is thus
depolarized and its porosity therefore increases. It is a rapid repe-
tition of this series of actions which causes the excitation to travel
along the fibre.

The Basis of the Excitation Threshold

There are several points with regard to the above general theory
which require further explanation. One of these has to do with the
manner in which the porosity of the membrane depends upon the
polarization. The relationship between these two factors is appar-
ently determined by the speed at which the polarization is changed.
If the change is rapid the porosity increases as the polarization de-
creases. If, on the other hand, the decrease of polarization — pro-
duced by the stimulus —is slow or small, the opposite effect is
noted. The polarization decrease causes a decrease In porosity.
This is the compensation effect which we have already discussed.
In general, the membrane resists a depolarizing force by decreasing
its porosity and sifting the ions more rigorously. However, if the
force is sufficiently strong to produce a certain critical degree of
depolarization, this resistance breaks down and excitation ensues.
If the force acts slowly, the membrane is able wholly or partially to
maintain its normal polarization, so that this critical decrease does
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not result. If the same force were applied more suddenly, it might
yield excitation.

Just as soon as the point is passed where depolarization begins to
bring about an increase in porosity, a condition of unstable equilib-
rium is produced. The first downward move of the porosity is
followed by a further depolarization which is a natural consequence
of the porosity increase. This results in more porosity increase and
so on, until the membrane has broken up to the maximum possible
extent. The mechanism thus described may be compared to that
which is involved in pushing over a chair by the back, using the
finger tips without grasping the chair or restraining its motion. Up
to a certain point the chair tips forward on the front legs and pushes
back against the fingers. If the fingers are removed it falls back to
its normal position, although in so doing it may overshoot —
like the nerve — and tip backwards somewhat. However, if we con-
tinue to push the chair forwards, a point is reached at which it
leaves the finger tips and crashes to the floor. This corresponds to
the critical point or critical rate of depolarization mentioned above
in connection with the nerve.

In order to make the comparison between the chair and the nerve
exact, we may imagine that the chair tends to fall to the floor not
because of gravity but because of the pull of a spring, which is vari-
able. Furthermore, we must introduce a device which winds up or
tightens this spring when any force is applied which might overturn
the chair. Unless the chair has been tipped beyond the critical
point, the increased application of the spring will act to hold it in
the upright position. This effect is similar to that of the abnormally
low porosity which is developed by the membrane in opposition to
the stimulus. However, if the force which acts upon the chair is
sufficient to carry it beyond the critical point, the increased action
of the spring will cause it to strike the floor more quickly and with
greater energy than normal. A similar effect is observed in the case
of the nerve. The action current or negative variation of a nerve hav-
ing more than normal excitability is in excess of the normal current or
variation. Similarly, when the nerve is less excitable than usual the
action current is also depressed.

The critical point to which the depolarization of the nerve must be



THE PHYSICS OF NERVE ACTION 103

brought in order to produce excitation is known as the threshold.
The stimulus, so to speak, must step over this threshold before ex-
citation can occur. The threshold is usually measured in terms of
the smallest quantity of energy which will suffice to set the nerve off.
The excitability is ordinarily taken as the “reciprocal” of the thresh-
old, which is computed by dividing unity by the threshold measure.
The principle of the threshold is of fundamental importance in the
understanding of nerve action. It means that unless the intensity
of a stimulus exceeds a certain critical value, there is no effective
response of the nerve whatsoever. Different nerves have different
thresholds, and the threshold of a single nerve varies from one time
to another, under conditions which alter its excitability. Hence a
stimulus which will excite one nerve may have no observable effect
upon another, or its ability to set off any given nerve will depend
upon the exact condition of the latter.

The “All-or-None” Law

The principle of the threshold has a companion which is known as
the “all-or-none” law. This law states that if the threshold is
passed the resulting excitation has the same magnitude regardless
of the intensity of the stimulus. In other words, the intensity of
the stimulus does not count in nerve excitation except for the re-
quirement that it should reach the threshold. Although many
painstaking experiments have been necessary to demonstrate the
all-or-none law in the laboratory, its necessity is easily seen in the
general theory of nerve action which we have outlined above. When
the membrane is pushed to the unstable point at which the porosity
begins to increase under the action of the stimulus, the nerve be-
comes its own stimulus and the outside force contributes nothing
further to the process. The membrane structure breaks down to its
maximum natural extent, and then starts to build up again. The
case is similar to that of the chair in our analogy. If the chair has
toppled over it will inevitably strike the floor, and it cannot go any
farther than this no matter how hard we push it.

Recognition of the “all-or-none” principle immediately raises the
question as to how different values of the stimulus intensity are to
be represented in the nerve current. Or, more generally, how can
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the nerve current be regarded as variable at all? We supposed that
such variation is possible when we assumed that the current is
controlled by the two factors, intensity and resistance. Moreover,
we know that consciousness varies in correspondence with stimulus
intensity. The degree of brightness of light falling upon the retina
of the eye is represented in all of its gradations by the picture
which results in our visual perception. If it is true that conscious-
ness is determined by the nerve processes in the cerebral cortex,
the intensity of these processes must be regulated by those which
are set off in the retina, in order that such representation should be
possible. These facts seem to be inconsistent with the “all-or-
none”’ principle.

The Basis of Variations in Nerve Currents

In attempting to solve this mystery we must consider first the fact
that nerve activity as we have thus far described it is only a mo-
mentary affair. It is a “pulse” or an “impulse.” Just as soon as
the nerve fibre is excited it goes into the refractory state in which it
is no longer excitable. Even if the stimulus continues to act, it is
ineffective. The fibre starts to recover from the excited and re-
fractory state, and only when the excitability has reached a proper
magnitude is it ready to be stimulated again. When this point is
reached a second excitation is set off and the cycle is repeated.
The result is a series of impulses which travel along the nerve fibre
as separated waves of activity. Any so-called continuous nerve
current consists of a continued series of such impulses. Hence the
nerve current more closely resembles the so-called “alternating
current” of electricity than the “direct current” which has an
uninterrupted flow.

When we think of the nerve current in this manner we see that it is
only the magnitude of the individual pulses of excitation which is
determined by the all-or-none principle. This principle says nothing
concerning the number of these pulses which will be generated in a
given time. However, the average amount of excitation arriving
at the cortex will depend upon the number as well as the magnitude
of the pulses. It is easy to show how the intensity of the stimulus
acting through a sense organ of appropriate structure can regulate
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the number or frequency of the pulses. Hence the difficulty of
transmitting a record of intensity from sense organ to brain dis-
appears. The variable factor in the nerve current is the frequency.
However, we must also recognize that the magnitude of the in-
dividual pulse is only constant for the same nerve in the same
condition. Different nerves deliver different amounts of excitation
to the cortex even when their currents are of the same frequency.

Another way in which nerve currents can vary in magnitude is
offered by the large number of fibres which run parallel to one
another and connect approximately the same points. If only a few
of these parallel fibres are excited the effect produced upon the
cortex will be less than as if a larger number were in action. In
other words, the number of pulses arriving at the cortex will depend
not only upon the frequency along any individual fibres, but upon
the number of similar fibres which are simultaneously delivering
currents. In some cases, as in vision with the center of the retina,
a single fibre is called upon to transmit all possible intensity grada-
tions, but in the majority of cases a considerable number of fibres
codperate in the performance of a single function.

In addition to registering the intensity of a stimulus, the sensory
nerves must also report its guality, or general nature, to the brain.
For example, there must be a differentiation between such things as
light, sound and temperature. Of course, the characteristics of light
or sound are not themselves transmitted to the brain, but the
effects which are produced upon the brain must be different for dif-
ferent kinds of stimuli., In the majority of cases, this differentia-
tion between the various kinds of agencies which affect the nervous
system 1s accomplished by the sense organ. The several sense organs
are respectively sensitive to special forms of energy. The eye
responds to light but not to sound, the temperature nerves to
certain degrees of heat but not to pressure, and so on. The sense
organ can in fact be regarded as a stimulus seleclor, although at the
same time it is a stimulus amplifier. But it amplifies only the
special kind of stimulus which it is tuned to receive, and suppresses
the action of other stimuli. In this way the sense organ arranges the
matter so that under ordinary conditions each different species of
stimulus excites a particular group of nerves; and the brain identi-
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fies the nature of the stimulus by the special nerve channel along
which it arrives. However, there are some instances in which we
are still doubtful as to whether this is the whole story.

The Physics of Synaptic Resistance

Our principal purpose in the above discussion of nerve physiology
has been to throw light upon the physical nature of those cortical ac-
tivities with which consciousness is directly correlated. As we have
seen in earlier chapters, consciousness seems to be determined mainly
by the cortical synapses. Now a synapse is primarily nothing but a
place of contact or junction of two nerve fibres. Hence we should
expect that the action which occurs at the synapse would be similar
in general nature to that which takes place in the conducting nerve
fibre. However, these general nerve characteristics may be specially
modified to suit the peculiar duties which the synapse has to perform.
The mechanism at the synapse may well be more complex than that
which is involved in straightforward conduction. The various fea-
tures of the nerve process may receive a different emphasis at the
synapse from what they do in the rest of the fibre. For example,
we know from our previous studies that the synapse is a region of
high and variable resistance, while the resistance of the conducting
nerve is low and practically constant.

When we examine into the physical nature of synaptic resistance,
we find that it reduces to a question of excitability. Operating upon
the all-or-none principle, the synapse either passes the individual
nerve current pulse completely or not at all. High resistance means
a high threshold and low excitability. Hence, when the resistance
of a synapse increases this is due to a decrease in its excitability.
That a state of depressed excitability should exist in the region
of nerve contacts can be inferred from the general principles of nerve
action which we have considered above. Since both of the nerve
ends are coated with positive ions, they act upon each other just as
the positive end of an electric circuit acts upon a nerve. They tend
to reinforce each other’s polarizations. As a consequence of this, the
membranes of both nerves will compensate by increasing their
porosity, and this —it will be recalled —means a decrease in
excitability. Thus, when a nerve impulse strikes a synapse, it is in



THE PHYSICS OF NERVE ACTION 197

danger of finding itself unable to step over the very high threshold
which the synapse presents to it.

Another characteristic of the synapse, as compared with the re-
mainder of the nerve fibre, lies in the slowness of its processes. It
is particularly slow in recovering from the after-effects of excitation,
Here we find a clew to the mechanism by which exercise and the
cortical encouragers are able to decrease the resistance of a synapse.
We have noted that after a nerve fibre has been excited, it overdoes
the process of recovery and overshoots into a condition of abnormal
excitability. Such excess excitability corresponds to a decrease of
resistance in the case of a synapse. We have only to suppose that
the overshooting effect lasts a long time in a synapse, and that such
effects accumulate from one excitation to another. The gradual
recovery from this condition of increased excitability would corre-
spond to the lapse of synaptic records through disuse.

There is evidence that some synapses have a special structure
which is presumably different from that of the remainder of the
nerve fibres of which they form parts. This evidence appears in
the demonstration that a nerve current arriving along certain fibres
can act as a synapse so as to block the passage of currents coming
from other fibres. Synapses seem to be of two general kinds, posi-
tive and negative. The former have an exciting and the latter an
“inhibiting”" activity. This difference can be explained by supposing
that the molecules and possibly the ions which are involved in the
two types of synapses are different in kind or arrangement or both.
One possibility is that the “polarization” of an inhibiting synapse
is opposite in direction to that of an exciting one. By this we mean
that negative ions are on the outside of the cell in place of the posi-
tive ions. The action upon the cerebral cortex of the sensory nerves
which we have called ““discouragers” may be conceived to occur at
least in part through such inhibitory synapses.

It is highly probable that the billions of synapses which exist
in the cerebral cortex possess a wide variety of structure and many
variations in process. This is suggested by anatomical differences
which are observable between various portions of the cortex, and
is borne out by the wide variety of experiences which these cortical
activities underlie. It is a general principle of the relation of con-
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sciousness to matter that for every distinction which can be made
on the mental side there must be a corresponding one upon the
physical side. If we accept the proposition of previous chapters that
consciousness is directly determined by the structures and activities
of the cerebral cortex, we must suppose that the cortical matter
conforms to a pattern from which the nature of consciousness can
be deduced. The problem of the next chapter will be to consider
more intimately this fascinating question of the direct relationship
between consciousness and matter.



CaarTER XIII

THE FUNDAMENTAL RELATIONS OF CONSCIOUSNESS
AND ELECTRICITY

WE have seen in the preceding chapter that nerve activity is an
electrical process which at the same time involves changes in mate-
rial structures. In the resting state the surface of a nerve fibre is
coated with positive lons, while underneath its surface there is a
layer of negative ions. Between these sheets of ions there is stretched
a field of electrical force which binds them together. The membrane
which also lies between them is subject to the action of this electri-
cal force field. Although we may describe the membrane as being
composed of unelectrified matter, we must not forget that funda-
mentally all matter is made of electrical particles. Such particles
are always acted upon by fields of electrical force. Consequently
the condition of the matter which composes the membrane will be
modified by the presence of the force field. This is undoubtedly
the reason why its porosity is influenced by changes in the intensity
of the field, resulting, for example, from the action of an external
electric current.

When a stimulus appears and the nerve i1s excited, the force
field and the structure of the membrane alter together. Electri-
fied particles pass through the membrane and escape from the cell.
Other particles, including oxygen molecules and food materials, pass
into the cell. When this occurs a source of internal energy be-
comes operative and starts a process which eventually restores the
membrane substantially to its original condition. We feel quite
sure that this energy is derived from a chemical combination of
oxygen with food substances in the cell, since deprivation of oxygen
makes the cell incapable of recovery. All of these changes can take
place in a very small fraction of a second and can be repeated many
times a second.

199
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The Unity of the Nerve Process

Either in the resting or the excited condition, the nerve membrane
and its polarization layer can be regarded as forming a unified whole.
It is a system of electrical particles which are connected with one an-
other by fields or lines of electrical force. These lines not only pass
between the ions which form the polarization layers, but they also link
the ions with the particles which compose the membrane. These
membrane particles are also united very strongly by the electrical
forces which underlie their chemical and physical coherence. There
must be a unification parallel to the membrane as well as perpendic-
ular to it. The boundary of the nerve forms a sheet of electrically
coherent units, and when a change occurs at any point in such a
structure it tends to spread to adjacent points. The binding to-
gether of the particles makes them mutually dependent and causes
them to act in unison.

However, such unification of the nerve structure has its limits,
which are imposed by distance and by time. The particles at one
end of a nerve are much more closely bound to their immediate
neighbors than they are to those at the opposite end. Adjacent
particles are subject to the excitation process simultaneously, but
there is a considerable lag of excitation at the far end of a stimulated
nerve. This lag is expressed in the principle that it takes a definite
time for the nerve impulse to travel from one point in the nerve to
another. The lag may be such that the region of a nerve which was
first stimulated has completely recovered from the excitation while
some other portion is excited to the greatest degree. We must
suppose that two portions of a single nerve which are simultaneously
undergoing opposed changes are not well unified. This would be
true of regions which are entering and leaving the excited state,
respectively.

On the other hand, the unification of the nerve activity is not
necessarily limited to a single nerve fibre or cell. The lines of
electrical force stretch from one fibre to another at a synapse. If
such were not the case, it would be impossible for the excitation to
be passed on at such points. This is true, of course, only of synap-
ses which have a sufficiently low resistance actually to permit the
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transfer of excitation. The lower the resistance of a synapse the
greater the unification which it will make possible between the
nerve units which it joins together. Nerve elements or activities
may be considered as unified when they are adjacent and undergo
similar changes at the same or nearly the same time. They are
unified in proportion as lines of force bind together their component
particles. In such a system of closely connected nerves as the cere-
bral cortex, a vast number of individual nerve cells may be com-
bined into an organic whole in this way.

The principle of unity or of unification which we have thus applied
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F1c. 19. ELEcTRICAL FORrRCE FIELDS.

The diagram on the left shows a single negative charge of electricity, having a
completely “open"” force field. The diagram on the right represents a combination
of two negative and two positive charges, with a relatively “closed” field.

to the nervous system is fundamentally the same as that which
holds for all material structures or activities. We have already seen
in our review of modern physics that the physical world is made up
exclusively of electrical particles and that all of the forces in this
world are variations or combinations of the electrical fields with
which these particles are endowed. However, the nerve membrane
is somewhat unique in that the fields of force in the polariza-
tion layer are spread out or open, whereas in the majority of struc-
tures they are less diffuse or are more tightly closed. A closed field
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unites the particles which it joins, but the unification is not com-
prehensive. It is restricted to a few units which form a small and rel-
atively isolated combination. Where the corresponding positive and
negative particles are more widely separated, as in the nerve surface,
a larger and more complex whole can be formed. (See Fig. 19.)

The Structural Relations of Consciousness and Cortex

Our analysis of consciousness in an earlier chapter has shown us
that — like the nerve activity in the cortex — it is at once unified
and complex. At any instant, consciousness consists of a large
number of different sensations, feelings, etc., and yet all of these
factors are combined so as to form a coherent whole. Our study
of the interdependency of consciousness and matter led us to be-
lieve that each man’s consciousness is associated directly with
activities occurring in his cerebral cortex. Although the conscious-
ness usually mirrors some condition of the outside world or of the
body in general, its relation to these things which are outside of the
brain is only indirect. They influence the cortex through the sensory
nerve channels, but it is the cortex alone which determines the
nature of consciousness.

Our belief that consciousness is determined by cortical activities
rests upon a sound experimental basis. However, even if there were
no definite facts bearing directly upon the question, we should be
led to select the cortex as the physical basis of consciousness merely
from a consideration of its anatomical structure and relationships.
We have seen that all of the sensory nerve currents converge upon
the cortex. Likewise, the nerves which control the voluntary mus-
cles diverge from the cortex. Within the cortex are laid down the
records of habit and memory, together with the system of com-
plexes which furnished the basis of personality. However, the cortex
is a large and extremely complicated organ, and we can feel quite
certain that only a relatively small portion of it is involved in any
single moment of consciousness. We therefore face the question as
to the exact location of the processes which are concerned, as well
as that of their intimate nature.

In endeavoring to find plausible answers to these questions we
shall be greatly helped by certain general principles which have
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already been vaguely suggested. We have recognized the fact that
consciousness and the brain are two entirely separafe things. They
are also radically different things, in the sense that they are essentially
dissimilar in substance and special form. Consciousness is made up
of sensation, image, feeling, and so on, while the brain is an arrange-
ment of protons and electrons which are held together by electrical
forces. Space as found in consciousness differs greatly from space
as described by the physicist. Nevertheless, these considerations
are not inconsistent with the existence of certain general similarities
between consciousness and that portion of the brain apparatus
which directly determines consciousness. For example, as just in-
dicated, they can both be complex and yet coherent or unified.
Unless we assume the reality of such general similarities, we are
rather at a loss in any attempt to specify the nature of the nerve
structures or processes which must underlie consciousness.

We must suppose in the first place that the physical mechanism in
the cortex which is responsible for consciousness must be at least as
complex as the latter is itself. For every part of consciousness there
must be a corresponding part of the cortical system. A similar cor-
respondence must exist for features of consciousness other than parts,
such as aspects, attributes, changes, etc. A second general proposi-
tion is that when two features of consciousness are different in na-
ture or activity, the corresponding features of the cortical mechanism
must also be different in kind. If two factors of consciousness are
similar, the corresponding physical factors must likewise be similar.
A third general principle is that if two portions of consciousness are
closely related the corresponding parts of the cortical system must
also be intimately associated. The broadest application of this
principle lies in the proposition that since all parts of consciousness
are grouped together into a coherent whole, the same must be true
of all those constituents of the cortex which underlie this conscious-
ness.

All of these principles can be combined into the general statement
that consciousness and the brain mechanism which underlies it
have a similar logical formula. As an example of the meaning of this
statement we may consider the case of a motion picture and a novel,
both of which portray the same story. The medium and the material
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form of the picture are radically different from those of the novel,
and yet they have the same plot, or the same meaning. A large
office building and a wooden block are very different things, and yet
they may be similar in that both are rectangular. A piece of music
as played by a pianist and the score which he has before him are
radically different things, and yet they have a corresponding structure.
How this kind of relationship works out for the case of consciousness
and the cortex will become clearer as we proceed.

Elements of Consciousness and Corlex

The problem of the direct relationship between consciousness and
the cortical mechanism presents several separable aspects, in har-
mony with the above statements. In the first place there is the
problem of the elements of consciousness and of the cortical process
respectively, and their interrelations. By elements we mean the sim-
plest and smallest parts of the systems in question. Thus, in the
case of consciousness, a minute red spot or a pin-prick pain can be
regarded as an element. Something must exist or happen in the cor-
tex which corresponds to the red speck. Something different must
exist there to correspond with the pain point. The same proposi-
tions apply to any other constituent of consciousness. One way of
forming a concrete conception of the nature of this problem is to
consider what must happen when an element of consciousness is
subject to change. For example, let us consider that the red point
fades gradually and continuously through a series of pinks or light
reds into a white. While this is occurring, the cortical element or
part which corresponds to the point must pass through a continuous
series of gradations, corresponding to the several pinks or light reds
and ending with a modification which corresponds with white.

The most important elements of consciousness are those which we
have called the sensations. It will be recalled that the sensations
were divided into the external and the internal. The external sensa-
tions include those of sight (visual), hearing (auditory), smell (olfac-
tory), taste (gustatory), and touch (tactual), the classical five senses.
Each of these separate fields of sensation embraces a considerable
number of different elements.
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The Case for the Visual Elements

In the case of vision, there are the six principal colors — red,
vellow, green, blue, black and white — together with an almost
innumerable system of gradations between them. All of these
colors, including the gradations, are represented by the so-called
psychological color solid.
This system of colors
shows that its members
possess three general
charactenistics, which
are known as hue, bril-
liance and saturation. ;

The hue stands for the ThEEL O
reddishness, yellowish- i
ness, bluishness, or GREEN
greenishness of the col-
or, as the case may be.
The brilliance stands for
the degree in which the
color differs from black
or complete darkness,
while the saturation

stands for the degree in BLACK
which it departs from Fi1c. 20. THE PsvcHOLOGICAL COLOR SYSTEM.

& The diagram represents the possible dimensions or
a:gra}r of the same bril- attributes gnf Eﬂﬁﬁ'ﬂ, rcgardedp as sensations. All
liance as itself. The na- colors are characterized by the possession of hue,
ture or psychological brilliance and saturation, and all possible colors can
be given characteristic positions in the space which
is represented by the diagram.

WHITE

RED

quality of any color can
be completely specified
in terms of these three characteristics. (See Fig. z20.)

By way of illustration, let us consider how the problem of the
relation of the elements of consciousness to those of the cortical proc-
ess works out for the case of the colors. In general, we must sup-
pose that there are as many possible and different cortical factors as
there are different colors in the color solid. Moreover, it should be
possible to arrange these cortical factors into a system exactly
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similar in form to the color solid. (This is a concrete instance of the
identity of general logical formulae between the conscious and the
cortical which we have mentioned above.) In this system of cortical
factors there will be a characteristic corresponding to hue, another
corresponding to brilliance, and still another corresponding to satu-
ration. Hence our investigation of the problem may consist in in-
quiring as to the cortical basis of the three characteristics of all
colors.

The problem is evidently a difficult one to solve. There is at
present no available method of observing the living human cortex
physically, except in surgical operations. Even in the latter cases
we see nothing which helps us to solve our problem. Humanitarian
considerations prevent us from attempting to dissect out individual
fibres and synapses, and trying to measure their electrical properties.
Indeed, even under these conditions we would have no experimental
methods which would be adequate to the task. We are therefore
compelled to have recourse to somewhat more theoretical and specu-
lative methods of inquiry. In applying such methods we start with
known facts and endeavor to infer the unknown facts.

One of the first groups of facts which we consider are those which
have to do with the stimulus. In the case of vision, we readily
find a system of stimuli which corresponds at least approximately
with that of the sensations. There are special forms of radiant
energy or “light” for each color. All of these forms of radiant
energy can be arranged in a scheme having three characteristics
which correspond fairly well with those of the color solid. Thus,
for hue we find wave-length, for brilliance we have intensity (or
energy), and for saturation there is “purity.” Radiant energy, being
a wave disturbance, can vary in the length of its waves, in their
height (determining their intensity) and in the degree to which
any given wave-length is singly represented. However, the cor-
respondence between these features of the stimulus and the three
characteristics of color is far from being perfect. Although hue
varies with wave-length, this variation is not uniform in rate, being
rapid at some wave-lengths and very slow in others. Some of the
hues — viz., the purples — cannot be obtained from any single
wave-length but require a combination of two, which must be varied



RELATIONS OF CONSCIOUSNESS AND ELECTRICITY 207

in their intensity proportions. Another difficulty is that equal in-
tensities do not yield the same brilliances for different wave-lengths.
Moreover, saturation is not constant for various wave-lengths at
the same degree of purity.

In order to explain these discrepancies, and also to advance a
step nearer to our goal in the cortex, we must consider what happens
in the retina of the eye. Here, unfortunately, most of our positive
knowledge vanishes, and we are reduced to speculation. Neverthe-
less, our theories regarding the retinal process are not entirely lack-
ing in a basis of fact. A careful study of the relationship between
colors and radiant energy of various wave-lengths and compositions,
shows that the color system is much simpler than the stimulus
system. The majority of colors can be produced by more than one
wave-length or combination of wave-lengths. Moreover, experiment
shows that three single wave-lengths can be found which can be
combined in various proportions to produce colors of all hues and of
a wide variety of saturations, including white and grays. This leads
to the view that the retina has three separate forms of excitability,
each of which has a fixed color value. Other colors rest upon mix-
tures of these three activities in different proportions. These pro-
portions are determined by the degrees to which the three activities
are aroused by the given radiant energy stimulus.

Unfortunately the three excitabilities of the retina do not cor-
respond to hue, brilliance and saturation, respectively. They are
related, rather, to three “primary” colors: red, green and blue.
Unfortunately, also, we do not know the physical nature of these
excitabilities. However, it is usually supposed that they are three
different chemical substances which are decomposed selectively by
the action of radiant energy of the proper wave-lengths. This
supposition is borne out by the fact that at least one substance of
this kind has actually been extracted from the retina by chemical
means. If we accept the theory we must then consider how these
decomposing substances control the currents in the optic nerve
fibres. Here our knowledge becomes even less satisfactory but still
there are some statements which can be made with a degree of
certainty.
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The Nature of the Visual Nerve Currents

We can feel quite sure, in the first place, that the optic nerve
currents are similar in general nature to those in other nerves, and
hence that they consist of a series of pulses. Under ordinary con-
ditions all of these pulses must be of the same magnitude, in harmony
with the “all-or-none” principle. Consequently the only thing
about them which can be altered is their number and their spacing.
These characteristics must be capable of varying in at least three
different or independent ways, since the reactions of the three
substances in the retina must be telegraphed separately to the brain
in order that their proportions may control the three characteristics
of color in consciousness. However, it is not necessary that the
natural way of subdividing the features of the nerve current should
yield the exact aspects which correspond respectively to the three
retinal reactions. For example, it is natural to regard the number or
frequency of the nerve pulses as an individual feature of the nerve
current. It is likely, however, that this feature corresponds to the
sum of the activities of all of the retinal substances. On the other
hand, it seems probable that this pulse frequency is individually
responsible for the cortical process which underlies the brilliance of a
color.

The most plausible view concerning the representation of the
retinal reactions and of color characteristics in the optic nerve cur-
rent seems to the writer to be as follows: When the three retinal
substances are decomposing at equal or equivalent rates, the nerve
current consists of evenly spaced pulses. If the rates of decomposi-
tion are all increased or decreased in proportion — so that their bal-
ance is not disturbed — the distances between the individual pulses
change, but these distances still remain equal to one another. The
higher the rates of decomposition the closer together the pulses will
be. In other words, there are more pulses for more retinal activity.
Other things remaining constant, there will be more pulses for more
stimulus intensity. However, the number or frequency of the pulses
will not be in simple proportion to the intensity but will vary with
respect to the latter in the manner which mathematicians call
“logarithmic,” or with a constantly diminishing rate of increase as
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the intensity becomes greater. On the side of consciousness, this
evenly spaced nerve current will yield the series of gray or hueless
colors, ranging from black to white. Black will correspond to a
current with very widely spaced pulses, while white will go with
pulses which are crowded very closely together.

If the balance between the decompositions of the retinal substances
is upset, the spacing of the pulses will become drregular. We must
suppose that each of the three substances tends to introduce a pe-
culiar rhythm of its own into the current. These rhythms are such
that under the conditions of balance which we have considered above
they cancel one another, or combine to produce a regular succession.
The degree to which any substance preponderates over others is
represented by the degree to which the regularity of the pulses is
displaced in the direction of the peculiar rhythm of the given sub-
stance. The principle which is involved here is somewhat similar
to that which is employed in the radio-telephone transmission from
a modern broadcasting station. There is a fundamental train of
waves upon which other wave forms are superposed. In radio-
telephony this principle is known as that of moedulation, and the
same term may be used for the nerve current. It should be noted,
however, that in radio the dnfensity of the fundamental wave train
is modulated, whereas in our conception of the optic nerve current
it is the fundamental freguency which is subject to modulation.

The particular hue which is exhibited by the color in conscious-
ness will depend upon the exact form of the modulation rhythm which
is impressed upon the nerve current. The shape of the rhythm, so to
speak, determines the quality of the color. It is clear that although
certain rhythm forms may stand out as being distinctive or in-
dividual, nevertheless various combinations of these fundamental
forms will also have a qualitative individuality of their own. The
series of rhythm forms will thus bear a close analogy to the series of
hues. Some combinations of fundamental rhythms may be as dis-
tinctive as the fundamentals themselves. This may explain the
distinctive character of the hue called yellow, which seems to rest
upon a balanced decomposition of the “red” and “ green” substances,
in the relative absence of activity on the part of the “blue” sub-
stance. The third characteristic of color, its saturalion, can be
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attributed to the degree to which the nerve current departs from
the perfectly regular series of pulses, in the direction of any given
rhythmic form. It is a measure of the rhythmicity, so to speak,
without identifying the particular rhythm which is involved.

What Happens in the Visual Cortex

The above conceptions are undeniably speculative. Neverthe-
less they rest upon a large number of facts, and upon a careful
study of the requirements which are set by these facts. Although
they may not be valid exactly as stated they are probably of the
right general nature and indicate the kind of ideas that we must
employ in working out the fundamental relationships between nerve
activities and consciousness. Hence we are justified in taking the
next forward step along the nerve path, in order to consider what
probably happens in those cortical synapses which are directly
associated with the appearance or the existence of the color in con-
sciousness.

On the way from the retina to the cortex, the optic nerve currents
pass through several way-station groups of synapses. It is entirely
conceivable that the characteristics of the nerve currents are changed
in traversing these symaptic regions. It is well known that such
modifications can be brought about by synapses. On the other
hand, there seems to be no good reason why the optic nerve currents
should alter essentially on their way from the retina to that portion
of the cortex upon which they first impinge. Such alteration would
only confuse the representation which the nature of the stimulus has
already been given in these currents. Hence it is most reasonable to
suppose that the same frequencies and rhythms which are impressed
upon the nerve ends at the retina are transmitted substantially
unaltered to the receiving points in the cortex.

However, it does not follow from this that the cortical activity
in its entirety will be exactly like that which occurs at the retinal
ends of the nerves. This is because, in the first place, the nerve sub-
stance in the cortex almost certainly differs in structure or constitu-
tion from that in the optic nerve. We can feel certain of this for the
following reasons. One of the most fundamental duties or functions
of the cortex is discrimination. This means that it must be so
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constituted that it reacts differently to different frequencies, rhythms,
and arrangements of the nerve currents or impulses. Such differ-
ences of reaction are evidently necessary in order that the outgoing
(motor) nerve currents — and thus the behavior of the individual —
should be regulated in accordance with the incoming nerve currents.

In our preliminary discussion of this regulation we have treated it
as if it were all a matter of single connections between individual
nerve fibres. However, no very profound thinking is required in
order to demonstrate that the mechanism must be far more complex
than is indicated by this simple scheme. We can respond to a red
light — as a danger warning — in the same manner regardless of its
size, shape, motion or position upon the retinal field. We can also
respond in a constant manner to a given figure or shape, such as
that of a human being, regardless of size, color, position, etc. In order
to deal with identical nerve fibres having fixed connections like an
electrical circuit it would be necessary that a given object or stimulus
should always operate through the same group of nerve fibres upon
the sensory side. This requirement is evidently not satisfied.

How are we to explain the manner in which the cortex differenti-
ates between nerve currents on the basis of general features such as
shape and quality? One way of doing this is to start with the sup-
position that each particular form of behavior or outgoing nerve
activity is associated at some point in the brain with an exclusive
set of nerve elements (such as synapses). This set of elements must
operate somewhat on the principle of a radio set which is tuned to a
particular wave-length. The radio receiver will pick up the given
wave-length regardless of the path by which it reaches the vicinity
of the receiver. The only thing which counts is the inherent nature
or quality of the specially selected wave. The wave must be electro-
magnetic and it must lie within a certain band of wave-lengths.
The receiver shows an ability to discriminate between different
waves and to select a particular one as the basis for its behavior,
This ability is due to the inherent structure and setting of the re-
ceiver: its special “tuning.” We may consider this same principle
of tuning in a somewhat more general form, to apply to the mechan-
ism in the cortex. There are nerve arrangements in the cortex which
are tuned to ‘“‘red” regardless of accompanying features of the in-
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coming nerve currents. There are other nerve formations which
pick up the human figure, regardless of size, position, or color;
and so on.

The ability of any particular nerve arrangement of this sort to
select its proper kind of nerve current must depend upon a special
structure or constitution. Hence nerve formations which pick up
different kinds of nerve currents must have different constitutions.
It follows that when the incoming currents arrive at the cortex they
must be distributed to separate and different cortical components.
These components may frequently be in very close proximity but
they are nevertheless distinct structural parts. In the visual case
which we have been considering, the rhythm in the nerve current
which stands for red will be sifted into the “red” receiver in the
cortex, while the rhythm for blue will go to the “blue” receiver,
and so on. Now the total nature of the process in the cortex which
corresponds to the red sensation will involve the inherent nature
of the “red receiver” as well as the special rhythm which represents
red in the nerve current. Hence we must suppose that there is a
special material or electrical structure underlying red as well as a
special activity or change. Thus the “red excitation” in the cortex,
regarded as a whole, is a combination of structural and the dynamical
(or change) features. If is a cerlain structure undergoing a certain
change.

Our analysis of color as a factor in consciousness has shown that
there are six distinctive colors, red, yellow, green, blue, black and
white. However, when these colors together with the gradations
between them, are combined into a system (the color solid) there are
only three ways in which color can vary independently. These are
the ways called hue, brilliance and saturation. We also found that
there are apparently only three independent ways in which the reti-
nal activity and the optic nerve currents can vary. Hence we are
tempted to refer the six-fold analysis of colors to the selective or
“pick-up” structures in the cortex. Thus, there would be a special
cortical receiver for red, another for yellow, another for green, etc.
The red receiver responds to the nerve rhythm which is sent out by
the “red sensitive” substance in the retina, the “vellow receiver”
reacts to the equal proportions of “red” and “green” rhythms, etc.
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The white receiver is excited in proportion as the nerve current is
non-rhythmic, and the black receiver functions in proportion to the
inactivity of the white receiver.

The Relation of Quality to Physical Structure

There are of course many other possibilities for the explanation of
the variety of color elements which we find in the visual conscious-
ness. The above discussion is presented mainly with the purpose
of providing as concrete an illustration as possible of the kind of
doctrines which we must develop in dealing with fundamental rela-
tion between consciousness and matter. The general principles which
come out of this illustration may be summarized as follows. Con-
sciousness contains a tremendous variety of qualitatively different
elements. The physical world has only two ultimately different
elements: the electron and the proton. Hence the various elements
of consciousness must rest upon different forms of combination of
electrons and protons, together with different changes or processes
which such combinations undergo. A variation of structure or of
process in the cortex may thus be represented by a variation in
quality in consciousness. The ultimate laws which associate the
nature of conscious elements with the corresponding material (or
electrical) factors in the brain are laws which link guality on the one
hand, with structure and change on the other hand. If we knew
these laws we could deduce the quality of the conscious element
from a knowledge of the structure and process of the corresponding
brain factors, or vice versa.

One seeming difficulty with this doctrine is the fact that the
conscious factors, such as red, are apparently simple, while the
corresponding physical factors are quite complex. This difficulty
can readily be avoided by the following considerations. We may
suppose in the first place that the physical method of analysis is a
more powerful one than is the psychological (or introspective)
analysis. Direct observation reveals no complexity in red, but the
physicist applies ingenious instruments and methods of computation
to such physical structures as the brain and arrives at deeper under-
standing of their constitution. A second point is that the physicist
probably overemphasizes the structural aspect of the things which he
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studies. As we have already seen at the beginning of the present
chapter, any combination of electrical particles is held together by
fields of electrical force. These fields lie between the particles and are
essentially smooth or continuous in nature, although they have a
characteristic form which is determined by the positions of the
particles. It is equally true, however, to say that the positions of the
particles are determined by the form of the field. The field may be
regarded as a unitary thing whose form corresponds directly with
the quality which appears in consciousness. There is nothing evi-
dent in consciousness which corresponds to the electrical particles,
although the physicist tends to regard these as rather more impor-
tant than the fields.

The Physical Basis of Conscious Structure

Some electrical and magnetic fields are very powerful while others
are extremely weak. In general, the greater the distance which
separates the particles the weaker the intervening force fields will be.
However, this weakening is simply in terms of the forces which are
actually used in binding the given group of particles together. The
strength of the fields in the immediate neighborhood of any particle
remains the same as before. Thus the group loses in unity, while the
particles do not. Hence we should expect that a consciousness cor-
responding to such an electrical structure would be less unitary and
more easily analysable into parts, than one corresponding to a more
compact group of particles. This is probably the key to the dis-
tinction between the elements and the structure of comsciousness
itself. As physical combinations become increasingly loose-jointed,
a point is reached in the corresponding consciousness at which
introspection is able to detect parts which correspond to separate
constituents of the physical structure. These parts will be so-called
elements of consciousness and will be clearly separable in proportion
to the weakness of electrical union of the corresponding physical
factors,

The structural aspect of consciousness appears very clearly in
vision; less clearly, but still definitely, in audition. If we are
looking at an American flag, the structure is simply that of the flag
as we ordinarily think of it. It has white stars in a blue field, com-
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bined with white stripes alternating with red ones. The elements
are the minute points of red, white and blue which make up this
pattern. In the case of a musical chord, an untrained observer may
detect no parts, but the trained musical ear is able to analyze the
chord into component tones. Other departments of consciousness
exhibit other degrees to which their structure can be made out and
thus their parts distinguished. It is to be noted that even in the
case of a consciousness which has an obvious structure there is a
peculiar characteristic quality of the consciousness as a whole which
is over and above the qualities of the components of the structure.
This so-called “form quality” can be regarded as the result of a partial
unification of the components, which is not sufficient to disguise the
structural arrangement. In other words, there is always some
degree of union in any consciousness and in so far as this union
exists there is a development of new qualitative characteristics.
Examples of consciousness or experiences which have an evident
structure and which nevertheless have qualitative individuality are
musical melodies, paintings, the tastes of complex foods, etc.



CraAaPTER XIV
THE SUBCONSCIOUS MIND

Resumé

We have pictured consciousness as a mental reality which lies en-
tirely outside of and beyond the physical brain. Yet at the same
time we have represented it as having a very definite relationship to
particular parts and activities of the brain. Consciousness seems to
depend for its existence and nature upon these brain processes. In
the preceding chapter we have endeavored to suggest the detailed
form of this apparent dependency. The brain process and conscious-
ness are both complex. They have definite structures in terms of
certain characteristic elements or parts. The ultimate elements of the
brain must be electrons and protons. Those of consciousness are sensa-
tions or similar units which are distinguished from one another by their
differences in quality. A detailed correspondence is supposed to exist
between the structure of consciousness and that of the brain proc-
ess, so that in a very general way the two structures may be re-
garded as similar to each other. This similarity obviously cannot
signify any degree of identity between them, because of the differ-
ences in fundamental nature between electricity and consciousness,
and also because of the imperfection of the similarity.

Notwithstanding this imperfectness of the similarity between the
brain process and consciousness, we believe that the latter is com-
pletely determined by the former. For every difference in the
nature of consciousness there i1s a corresponding difference in the
nature of the brain process. However, since there are so many more
seemingly ultimate elements in consciousness than there are in the
physical world, we must suppose that the qualitative differences be-
tween parts of consciousness usually correspond to structural differ-
ences between the ultimate parts of the brain. We account for
the transition from structure to quality by noting that physical
structures are not always so easy to break up into separate parts as
they seem. From one point of view, every physical structure which
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is bound together by forces of electrical attraction, forms a unity.
This unity resides in the smooth or continuous character of the
electrical field between the particles (electrons and protons). When
the physical structure is relatively large and loose there is less unity
and the corresponding consciousness presents an obvious structural
similarity to the brain mechanism.

The Central Brain Process

Now, consciousness as a whole — my consciousness or yours at
any moment — is a unified thing. It combines many different kinds
of sensations and many different combinations of sensations. It
integrates sight, hearing, touch, smell, taste, feeling, etc., into a
single and definitely bounded whole. Hence it is natural to suppose
that there is a group of activities in the brain, corresponding to
consciousness, which has a similar unity. This union of activities
must combine the nerve currents which are received from the eyes,
the ears, the skin and all other sense-organs. These currents must
be modified in accordance with past impressions to correspond with
the phenomena of perception, recognition, memory, etc. They must
also receive additions due to the more or less spontaneous activity
of the brain. All of these processes must be fundamentally electrical
in nature, and their unification must therefore be through the
positive electrical fields which interconnect them. Thus we arrive
at the notion that consciousness as a whole is related to an electri-
cally unified set of nerve activities in the brain which represents a
flowing together of practically all of the incoming (sensory) cur-
rents. Let us call this the central brain process. (See Fig. 21)

It is to be noted that this central activity not only pools the in-
formation which is gained from all of the senses, but it also forms the
central control point for all of the voluntary muscles. 1t is a kind of
focus towards which the incoming currents converge, and from
which the outgoing currents diverge. It operates like the chief ex-
ecutive of a business enterprise, binding together all available data
from the outside world and the past, and then issuing orders for
action in accordance with the requirements of these facts, This ex-
plains the value and necessity of the unification which the system is
supposed to possess. In order that the deliverances of the different
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senses should be made the basis of a single coherent judgment and

act, they must come into intimate contact with one another, so that
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Fig. 21. Tae CexTRAL BrA™ PROCESS.

This diagram symbolizes the relationship of the central association processes of
the cerebral cortex to the incoming (sensory) and outgoing (motor) nerve currents.
(See Text).

they can combine to produce a resultant nervous effect. They must
also be combined with the records of the past, and the outcome
must operate through the “purposes” or complexes of the individual
to produce the required form of behavior.
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The question evidently arises as to what is the exact position of
this unified central nerve process in the brain. From what has al-
ready been said in previous chapters it is quite evident that it lies
in the cerebral cortex. But the cerebral cortex is a very large organ,
and it is quite improbable that the whole of this organ is involved
in the central process at any single instant. We have already men-
tioned the fact that the cortex is divided up into areas which ap-
parently have different duties to perform. There is one set of areas
to which the sensory nerves are directly connected. They constitute
the cortical receiving points for the incoming nerve currents. There
is another group of (adjacent) areas which occupy a similar position
with respect to the motor nerves. It is from these areas that the
outgoing currents leave on their way to the muscles. However, these
two classes of cortical areas are very far from covering the entire
surface of the organ. The remaining regions are called “association
areas” because they are connected by nerve fibres with both the
motor and the sensory surfaces. Another reason for the name is
that we believe that the nerve currents must pass through the asso-
ciation areas on their way from the sensory to the motor portions of
the cortex.

The Location of the Central Process

We are tempted at first to suppose that the brain activities which
underlie such a consciousness as a visual sensation or perception, are
located in the special areas of the cortex to which the optic nerve
currents pass directly. Similarly, we might look for the location of
the activities which correspond to hearing in the areas which are
directly connected with the ear. The difficulty with this view is
that the areas in question are separated from one another in such a
manner that it seems unlikely that they can combine into an electri-
cally unified process. If such a combination occurs it can only be
through the nerve fibres running from the separate sensory areas to
the association areas. In order to effect the combination, nerve
currents must pass from all the sensory areas to the association
areas. Hence in the association areas there will be a flowing to-
gether, in close union, of currents from all of the sensory areas. The
details of the activities in the several sensory regions must be repre-
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sented in the currents which combine in the association zones.
Otherwise these details can have no influence upon the resulting
motor discharge. Now, if such a detailed, combined representation
of all the sensory activities is actually passed on to the association
regions it would seem that the nerve processes here can furnish a suffi-
cient basis for the whole of consciousness.

This view becomes even more plausible when we realize that mem-
ory records are laid down almost wholly in association regions.
Those interconnecting synapses which we have discussed so thor-
oughly are almost certainly located in the association zones of the
cortex. Since memory must reproduce the basis of consciousness,
it is natural to suppose that consciousness has its basis where mem-
ory is laid. Every group of nerve currents which passes through
the cortex leaves its impress upon the association synapses, and
these impressions influence subsequent nerve currents. Now it is
unlikely that all of these different records can be laid down in the
same synapses. This would tend towards confusion, although it is
very probable that a single synapse can be used more than once, as
a member of different nerve current arrangements. The association
areas are large and complicated, and hence we may reasonably
suppose that the exact location of the central process in these areas
is subject to change. Only a relatively small portion of the asso-
ciation surface is involved in any single instant of consciousness.
As time goes on, and as the nature of the consciousness changes, the
central activity shifts from one group of synapses to another.

We may compare the central process to a spot of light which is
produced by the focusing of myriads of fine rays upon the cortical
surface. The rays represent the incoming sensory nerve currents,
They pass through their respective receiving stations in the cortex
and are then concentrated in a definite pattern upon some particular
section of the association areas. The position of the light spot
fluctuates and also varies progressively in its general location during
the lifetime of the individual. However, the motion of the spot is
continuous; it never jumps suddenly from one position to another.
This represents the continuity of our experience. Each conscious-
ness blends smoothly into its predecessor and successor. In the
normal individual there is only one central light spot upon the
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cortex at any one instant. However, in cases of double or multiple
personality there may be two or more light spots. It is of course un-
derstood that the light spot is only an analogy, the actual process
being a unified electrical activity of the type which we have dis-
cussed in our description of the nerve impulse.

The Basis of Attention

Although each normal individual has only a single central light
spot there is a great deal of luminescence in the regions which sur-
round it. This corresponds partly to the rays which are on their
way to the central focus, but some of it is due, so to speak, to a
scattering of these rays before they reach their proper destination.
If the central spot represents the central (introspective) conscious-
ness of the given person, then the surrounding activity in the asso-
ciation region can stand for the so-called subconscious mind of this
same person. The outlying cortical activities influence the central
process in an important way without forming an integral part of the
process in question. In some cases they may even influence the out-
going nerve currents directly, without acting through the central spot.
Ordinarily, however, all of the outgoing currents emanate from the
latter.

The idea of the subconscious mind can be defined in several dif-
ferent ways. From the standpoint of consciousness it is best con-
sidered in relation to the phenomena of atfention (which we have
already studied in their general relation to action). The older
psychologist regarded attention as a peculiar activity of the mind
which was based upon a special faculty. Modern psychologists have
endeavored to give a structural account of attention. According to
this account every moment of experience has a definite attentional
form. The so-called activity of attention consists of changes in this
form or in its contents. We must first consider just what kind of a
thing the attentional form is. Every consciousness is limited in its
size and scope and may therefore be said to have a boundary. There
are some things which are inside of consciousness and others which
are outside of it. The boundary lies between these two groups.
The things which are inside are the parts or components of con-
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sciousness, and the things which are outside make up the rest of the
universe. (Fig. 22.)

Although it is thus possible to set a boundary to the domain of
any given consciousness, this boundary is not perfectly sharp or clear-
cut. Some parts of consciousness are very clear or vivid. Others
are vague and ghostly, as if they were on the verge of stepping out
of consciousness altogether. Between these extremes there are
numerous possible gradations., The situation is as if some things
were wholly in consciousness while others are only partially there.
At any rate, the different portions of consciousness exhibit differ-
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Fic. 22. ATTENTIONAL STRUCTURE OF THE MIND.

Representing symbolically in terms of space relations
the organization of consciousness into focus, margin
and subconscious.

ences in clearness. It is therefore possible to consider the structure
of consciousness in terms of clearness, and this structure assumes
the form of a circle. The center of the circle represents the few
parts which have great clearness, while the periphery stands for the
larger number of parts which have vanishing clearness. Between
the center and the periphery are other factors possessing inter-
mediate degrees of clearness.
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The comparison of the attentive form of consciousness to a circle
is of course only an analogy. In order to realize the exact nature
of this form, we must turn to some actual consciousness and observe
it directly. Let us consider a concrete illustration. As I sit now in
my chair the clearest constituent of my consciousness at the given
moment is the visual presentation of the paper and mechanism at
the writing point of my typewriter. Less clearly represented are the
remaining portions of the typewriter and other objects in my field
of vision. The sound made by the type in striking the paper is
also less clear than the visual representation of the writing point.
Even less clear is the touch sensation due to the pressure of my
fingers upon the keys; and less clear still that due to the pressure of
my body against the chair in which I am sitting. But there are fac-
tors in my consciousness which are even vaguer than these: the
odor of a smoldering cigarette at my side, and the tick of a clock
in an adjoining room or the rumble of a passing trolley car.

It will be appreciated that this arrangement of the parts of con-
sciousness in the order of their clearness has very little to do with
their inherent nature. There is nothing about the visual representa-
tion of the typewriting per se which causes it to be of the greatest
clearness. The faintness of the clock-tick does not necessarily
mean that it must be unclear in consciousness. In an instant the
attentional structure of my consciousness may change so that the
clock-tick becomes the central feature and the visual factors recede
into the background. When this happens we say that attention has
been directed to the clock and away from the typewriting. How-
ever, this does not explain what has occurred; it merely points to
the actual fact of a shifting of the relative clearnesses of different
portions of consciousness.

The Nature of ““Interest”

Nevertheless, we naturally wish to know the causes which underlie
such shifts of clearness. This means understanding the basis of
clearness in all cases. We appreciate in general that attention is
controlled by interest. 1 attend to my typewriting because I am
interested in seeing the result. If my attention shifts to the clock-
tick it is because I develop an interest in the clock, for example, as
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to whether it is still running. The question therefore arises as to the
exact nature of an interest. Is interest something which can be de-
fined in terms of consciousness, or must we look for its basis in the
physiology of the nervous system? When we say that a thing is
““interesting” we may mean merely that it commands our attention,
without our knowing why. On the other hand, there are certain fairly
definite characteristics of things or ideas which seem to “make” them
interesting. Pleasantness and novelty are features of this sort. In-
tensity and suddenness are also effective. Unpleasantness operates
as a negative interest, turning attention to means of avoiding the
unpleasant thing.

# A fundamental explanation of interest is almost certainly not to
be found in any single moment of consciousness. The explanation
must be sought in the biography of the individual, and this biog-
raphy is written in his cerebral cortex. It is written — if we are to
believe all that has been said in previous chapters — in terms of the
resistances of his cortical synapses. The physical foundations of
interest must be looked for in the synapses. Generally speaking,
we are interested at any moment in the thing which is the object of
our response at that moment. Those incoming nerve currents
which pass through the cortex fo determine our behavior are the ones
which at the same time determine what shall be clearest in con-
sciousness. The perceptions, ideas, etc., to which we are said to
attend are due to the central passage of impulses which are destined
for voluntary muscles.

Our discussion of the processes of the nervous system in previous
chapters has revealed the principal factors which govern the passage
of incoming nerve currents through the cortical synapses. If no
habits have yet been formed it is determined by the intensity of the
currents and by accidental conditions in the synapses. If the re-
sulting behavior brings pleasantness due to the stimulation of
sensory encouragers, the given form of conduction will be strength-
ened through a decrease in the corresponding synaptic resistance.
This starts the formation of a habit, so that the next time the same
stimulus appears, its nerve currents will pass through the cortex
more readily. An association is also established between the given
nerve currents and the encourager activity which tends to build up
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the habit further and become an instrument in the formation of
other habits. We have called such an association a complex. Hab-
its and complexes furnish the main foundations of interests, and,
hence, are the dominant factors in controlling attention as well as
behavior.

The Nature of the Subconscious

Let us return now to the phenomena of attention or clearness as
they exist in consciousness, to see what hearing they have upon the
notion of the subconscious mind. We have seen that consciousness
has a boundary within which there are various parts, having differ-
ing degrees of clearness. Those parts with the least clearness are
nearest to the boundary. Hence, we suppose that degree of clearness
is the characteristic which determines whether a thing will be in
consciousness or not. It seems self-evident that to describe some-
thing which has no clearness at all, is to describe something which
is not in consciousness at all. The most general statement which
we can make concerning things outside of consciousness would seem
to be that they have zero clearness. This is really what is meant by
saying that they are “outside.” We cannot use the word “outside”
here in the narrow sense of exclusion from a certain space.

It would seem that all things which are “outside” of consciousness
in the sense of having zero clearness must be of equal clearness. All
zeros are of the same magnitude. However, it seems that there is a
degree of clearness so small that it is practically zero, without being
theoretically zero. This means that there can be portions of con-
sciousness which are so vague that no report can be made of their
nature, and even so vague that their presence is not recognized by
thought. Such factors are practically out of consciousness at the
given moment, but since they are on the edge of consciousness they are
in a favorable position to jump into the center. In other words,
things which are for all immediate practical purposes outside of
consciousness, may differ radically in their chances of coming into
consciousness. Some are hovering on the border, while others are
very distant in this sense.

Now, every man believes that there is a vast universe of realities
outside of his own immediate consciousness; but some of these are
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mentally nearer than others. The collection of things which are most
intimately connected in this manner with my consciousness may be
known as my subconscious mind. The subconscious thus consists in
ideas, perceptions, sensations, feelings, etc., which are on the verge of
becoming clear. They are potential features of clear consciousness,
but at the given moment they are not actual. Nevertheless, they are
to be conceived as having just as much reality by themselves as
have the demonstrable parts of consciousness. The relation between
the conscious and the subconscious is similar to that which holds
between any two individual consciousnesses. Your consciousness
and mine are separate from each other. Yet they are equally real;
and they are of the same general nature. However, your thoughts
and perceptions are not associated with my consciousness in such a
manner that they strongly influence it or can “pop” into it except
through the complicated channels of sensation. My subconscious,
on the other hand, is a mentally close-up reservoir of materials for
my conscious field. The subconscious as thus defined consists of
the same kind of stuff as consciousness itself. It is made up of quali-
tative factors: sensations, images, pleasant and unpleasant feelings
and the like. Tts processes resemble those of the conscious mind:
it has thoughts, imaginings, desires, emotions and so on. It is not
composed of electrons or protons or any other physical or physi-
ological elements.

The Physiological Basis of the Subconscious

If this is the case we shall do well to ask whether there are any
physiological factors which correspond to the subconscious. This
correspondence would be on the same principle which we have ap-
plied to consciousness in relation to the so-called central activity in
the cortex. However, instead of approaching this question from
the mental side we might consider it from the side of the nervous
system. We have found reason for believing that the ordinary
consciousness of any individual is correlated with nerve structures
and activities which are localized in a restricted part of his cerebral
cortex. We have compared this “central” brain process to a spot
of light on the cortical area. Now, the reader is entitled to ask why
consciousness should be associated with this particular nerve activity
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and not with others. If consciousness is one thing and the central
nerve process is another, then it is possible that they have been
tied together arbitrarily, as by an act of the Creator. However,
modern science tends not to regard facts in this way. It seeks for a
general principle rather than special creation as an explanation.

In the case of the ordinary individual consciousness, it appears
that the central brain process as we have depicted it, is the only ac-
tivity which is physically fitted to underlie this consciousness. Only
in the central process do we find a unitary combination of effects
derived from all of the senses. Only here is there available a record
of past experiences; and from no other point can there be exercised a
centralized control over all of the voluntary muscles. Consciousness
represents all of these features in detail, and hence it must be asso-
ciated with the nervous activity which possesses them. The situ-
ation is much the same as the one in which we find that the Jones’
consciousness is related to Jones’ brain and not to Smith’s. Smith’s
brain does not have the right nature or history to determine the
Jones’ consciousness.

However, we still have the most difficult part of the problem be-
fore us. We can understand why particular consciousnesses are
associated with particular nerve activities. But if consciousness goes
with one nerve activity why should it not accompany all? What is
there that is peculiar about central brain processes in general which
causes them to be linked with individual consciousnesses? We can
point out certain salient characteristics of the central processes
which tend to differentiate between them and other nerve activities.
They are foci of a multitude of simultaneous nerve currents. They
combine these currents so as to form a unified electrical structure or
process. They dominate the voluntary musculature. However,
some of these characteristics are merely matters of external re-
lationships. Others simply involve questions of degree. If unifica-
tion of many components is required to vield consciousness, then we
should expect to find consciousness wherever such unification exists.

Sentiency

The solution of this problem, so far as we are able to see at
present, lies in admitting that something very like consciousness is
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probably associated with all nervous activity. Let us call this
something sentiency. Now sentiency is not a property of the nerve
processes, and does not reside in the nerves. It merely exists when
nerve action exists, and its nature varies with the nature of the
nerve action. Where the sentiency is located is a question which
we cannot answer, because the question is a foolish one. However,
some of this sentiency is intimately connected with my individual
consciousness, and constitutes my subconscious mind. It is reason-
able to suppose that this is the particular sentiency which is related
to nerve activities which closely outlie my central brain process.

The Boundaries of the Subconscious

If we take this view of the situation the chief problem seems to be
as to why the subconscious sentiency is not included in conscious-
ness. What determines the boundary between them? The answer
is not far to seek. The formation of a consciousness is a matter of
unification. The subconscious is not part of the conscious because
it is not linked to it by bonds which are sufficiently strong. Hence,
we may naturally suppose that the nerve activities which outlie the
central process do not unite with the latter by means of electrical
force fields of any appreciable intensity. It is the strength and
continuity of such fields which underlie unification such as we find
in consciousness. The non-central nerve processes may form elec-
trically coherent groups among themselves but they do not combine
in this way with the central activity. Hence, their corresponding
sentiencies do not form a union with consciousness.

It will be noted that no particular portion of the cortical asso-
ciation areas is assigned to the subconscious as opposed to the con-
scious mind. This is because we have conceived the central focus of
nerve activity to fluctuate in position over the association surfaces.
However, memory records are laid down in definite places, which are
determined by the momentary location of the central activity
which produced the memory record. When the record was being
made, the corresponding sentiency was a part of consciousness.
However, at some later time the cortical focus shifts to a new re-
gion and the memory furnishes a basis for subconscious sentiency.
Thus, under ordinary conditions, the subconscious is mainly con-
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cerned with memories and memory effects, including habits, com-
plexes, and the like. Consciousness is also very largely influenced
by memory, but the memory effects which appear in consciousness
at any given moment are relatively few in number.

The Relations of Conscious and Subconscious

In its most significant aspect, consciousness corresponds to the
recording point in the brain. It represents the “moving finger”
which writes upon the cortical surface. The central brain activity
is a formative process. What it writes is determined to some degree
by what has already been written at the place where the record is
being made. We thus conceive of the central activity as wandering
about over the association areas, always leaving its impress behind
it. The residual activities which continue on the basis of these
impressions correspond with the subconscious mind. The wandering
focus of activity corresponds with consciousness. The central ac-
tivity very frequently retraces its movements or walks in some of
its own footprints, thus bringing the material of the subconscious
into consciousness, and combining the memory influence with that of
the present forces of sensation.

This view leads us to regard the subconscious on the one hand as
the product of consciousness, and on the other hand as a vast siore-
house of materials for the latter. Having once discovered these func-
tions of the subconscious, we can substitute the latter for the brain
in our explanations. Thus instead of explaining habit in terms of
synaptic resistances we can account for it in terms of some “sub-
conscious tendency.” Complexes regarded as nerve mechanisms will
give way to emotional ideas, or the like, regarded as facts of the
subconscious. Thus we develop a purely psychological system
which endeavors to account for the phenomena of consciousness in
terms which are similar in kind to those in which consciousness it-
self must be described. The physiology of the cortex is to a large
extent eliminated. This does not mean that we deny the existence
of the cortical structures and activities, but only that we can get
along without referring to them. Freud’s account of his famous
theory is given primarily in terms of a sentient subsconcious rather
than in terms of brain mechanisms.
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It is doubtful whether the doctrine of the subconscious offers any
very important advantages over that of brain activity as an ex-
planation of conscious life. We know little enough about the brain,
but we know practically nothing about the subconscious. In both
cases we rely upon speculation and plausible guesses. However,
the question as to the utility of the subconcious as a means of ex-
planation has relatively little to do with the question as to whether
the subconscious exists. We must decide the latter question on the
basis of general principles. These are the principles which we have
already applied: if consciousness is associated with the central brain
activity, why should there not be something similar to consciousness
(sentiency) in association with other brain and nerve activities? It
is entirely possible that an answer can be given to this question
which will show why consciousness or its like must be restricted to
the single central process in each nervous system. But no such
answer has yet appeared in the history of psychology or philosophy.
Hence, we feel justified in believing in the reality of the subcon-
scious, no matter how vague our conception of it may be.

Sentiency Beyond the Subconscious?

When we accept this conclusion we expose ourselves to new philo-
sophical obligations and dangers. What is there in particular about
nerves and nerve activities which causes sentiency to arise in cor-
respondence with them? In what way are they peculiarly different
from other material structures and processes in this respect? In
answer, we must say that if any such peculiarities exist they must be
affairs of structure or organization. The modern physical view of
the world, which we have depicted in previous chapters, does not
allow that there are any fundamental differences in kind between
various parts of the physical universe. The only exceptions to this
statement are in the cases of the elementary constituents of the
entire physical system, viz., electrons, protons, space and time.
But every nerve process involves all of these basic factors, and, hence,
cannot be distinguished from any other material process with respect
to them.

The central activity in the cerebral cortex is physically nothing
but a tremendous number of protons and electrons going through
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special motions under the influence of their electrical and magnetic
fields. Exactly the same statement applies to any brick in the wall
of my house, or to a dust speck in the air. The difference between
the nerve process and the brick is simply a matter of the way in
which the electrical particles are put together and the way in which
they are moving. However, this question of structure and form of
activity is of the utmost importance in physical science, because
nearly all differences must be reduced to it. Consequently, it is
quite possible that we may be able to find out what particular sort
of structure and motion is required in order that sentiency should
arise.

The fact remains, however, that the necessary discovery has not
yet been made. This is true in spite of the fact that psychologists
have expended a great deal of energy in the endeavor to formulate
so-called ““criteria of consciousness.” The problem seems easy at
first. We can say that consciousness or sentiency requires a living
organism. But we soon find that only a small portion of the organ-
ism is needed, viz., the nervous system. A little further investiga-
tion reveals the fact that only a small part of the nervous system,
the cerebral cortex, is necessary. The farther we pursue the question,
the more the determination of consciousness seems to narrow down
to a matter of general physical properties and a special location
in the brain. The general physical properties are those which we
have discussed in our study of nerve action. The special location
is that of the central activity in the cortex at any moment.

Now it is true, of course, that the physical nature of nerve action
is somewhat special in character. If this were not so, all physical
processes would be nerve processes. However, the uniqueness which
the nerve mechanism exhibits is attained only by combining a num-
ber of features each of which can be found separately in many other
physical systems. Moreover, the whole assembly of features can be
found elsewhere in somewhat less perfect combination. Thus, the
possession of an electrical double layer (polarization) is a common
property of all living cells. Tt is found in muscle as well as in nerve,
in liver cells as well as in brain cells. It is present in the single cell
which constitutes the entire organism of the lowest of all animals,
the amoeba. It also exists in the active cells of plants. The re-
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duction of this layer as a consequence of stimulation is also a general
effect which is observable in all cells. These processes are more
strongly developed in nerve cells than in other living units but the
difference is one of degree rather than kind. In fact, it is a general
principle of biology that the fundamental living material, protoplasm,
possesses to some extent all of the properties which are specially
emphasized in particular tissues or parts of a complex organism.

If we consider the separate features which are combined in the
structure and activity of a nerve cell, we find that any one of them
can be found in some inorganic, non-living, system. A piece of iron
wire immersed in an acid solution, shows properties very similar to
those of a nerve fibre. It develops an electrical double layer, and
when this is disturbed, the disturbance is propagated along the wire
in a manner resembling that of the passage of a nerve impulse.
But the wire is made of iron and not of nerve protoplasm, and the
wire does not show the same recovery from disturbance and power
to repeat its response which the nerve exhibits. However, recovery
from other types of disturbance, rapidity of action, etc., can be
demonstrated in many other non-living mechanisms,

We thus find it difficult if not impossible to specify any peculiar
properties of nerve structure or action which single it out as the
physical associate of consciousness. In this situation we can follow
either one out of two possible courses. We may say, on the one
hand, that we believe that such peculiarities exist and will eventu-
ally be discovered. Or we may assert, on the other hand, that the
alleged uniqueness is non-existent, and hence that something of the
nature of consciousness is associated with all physical realities. This
latter view has been known to philosophers for a long time as
panpsychism, the doctrine that there is mind everywhere. It is
closely related to the philosophical teaching known as idealism.
It differs from idealism, however, in that the latter denies the reality
of the physical world, while panpsychism does not necessarily do
this. In the next chapter we shall endeavor to present a clear
analysis of these traditional theories in the light of modern psycho-
logical facts. In this analysis the “mystery of mind’’ may deepen
but at the same time we shall penetrate it even further and dispel
the confusions which surround it on a less philosophical plane.



CHAPTER XV
THE SUPERCONSCIOUS MIND

WrHAT do we mean by saying that “something of the nature of
consciousness’’ is associated with all physical reality? We mean
that for every physical particle or combination thereof, there exists
a corresponding sentient unit or combination. What is a sentient
unit? It is a thing like a sensation or a feeling. It is something
which is characterized by quality rather than by quantity. It may
be like a color, a musical tone, a pleasure, or a pain. It cannot be
positive or negative electricity, or empty space or time. In be-
ginning to consider the theory called panpsychism we must thor-
oughly dispell from our thinking two impressions which if retained
will prevent us from ever understanding the theory. The first of
these is that sentiency is less real and more difficult to think about
than is matter. The second is that sentiency can ever actually
reside in matter. There is nothing that we know directly and be-
yond dispute except our own consciousnesses, and sentiency is of the
same nature. Our examination of the relationship between the brain
and consciousness must have made it quite clear that a man’s con-
sciousness is not located in his cerebral cortex, although the phys-
ical factors which determine his consciousness are located there.
The same situation holds for the sentiency which is associated with
any particle of matter (or electricity) whether in the brain or else-
where.

Deducing the Panpsychic Universe

Since the physical universe is now regarded as being exclusively
composed of electrical particles, it is advisable to speak of electrical
rather than of “material” structures or processes. It will be under-
stood that the words, “physical,” “material,” and “electrical” have
substantially the same meaning. The doctrine of panpsychism
therefore reduces to the statement that for every electrical particle
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or structure or change there is a corresponding psychical particle or
structure or change, respectively. However, the electrical and the
psychical are quite different from each other and they are not
located in the same space. The doctrine is really very simple. We
first obtain the physicist’s map of the universe, and using this as a
guide we construct a corresponding map of a sentient universe which
we suppose to exist.

However, if the reader were actually to be confronted with this
map-making task he would undoubtedly feel himself at a loss. In
the first place he might have difficulty in understanding the map
which is presented by the physicist. The intricacies of modern
physics are not altogether easy to follow. The most complete physi-
cal descriptions are full of mathematical terms which are unintelli-
gible to the uninitiated. We may suppose, however, a reader who is
perfectly conversant with all of these technicalities. The next
difficulty now appears in determining the rules according to which
the panpsychical map is to be derived from the physical one. The
most learned of physicists can tell us nothing from his own science
which will help us here. We must turn to the psychologist, one of
whose duties it is to study the relationships between electricity and
CONSCIOUSNEss.

Now, we have considered these relationships in some detail for one
particular case. This is the case of the human consciousness in rela-
tion to the human central (cortical) brain process. It is quite con-
ceivable that this single instance will reveal all of the rules which
are needed for our panpsychic map-making. General scientific
principles are always worked out in practise by studying a limited
number of concrete examples. Unfortunately, as we have seen, our
experimental knowledge of the relationship between the brain ac-
tivities and consciousness is rather meagre. Consequently we are
compelled at present to content ourselves with plausible inferences
and hypotheses.

The nature of some of these plausible views has already been in-
dicated. We have supposed that the physical structure of the
central brain process corresponds in a general way with the structure
of consciousness. For every distinguishable part of consciousness
there is a corresponding part of the brain process. The way in
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which the two sets of parts are put together is their structure. Now,
we have conceived that the two structures — physical and psychical,
respectively — have a general similarity. They are mathematically
or logically similar. This means that for every relation between
parts in the conscious structure there is a corresponding relation in
the physical structure. However, if we compare any two corre-
sponding relations we may find that in themselves they are not very
similar. For example, the relationship between two brain parts may
be that of electrical repulsion, while the corresponding relationship
between the corresponding two portions of consciousness may be that
of clearness of separation — as between a black and a white line in
the visual field.

However, some corresponding relations may show a very consider-
able degree of similarity. This will be especially true in the case of
forms of consciousness which have a clear spatial structure. The
corresponding brain pattern must also be spatial in nature. Thus, in
the case of the visual perception which we call the American flag,
there are white stars against a blue field and white stripes alternat-
ing with red ones. The brain process which corresponds with this
perception will have parts for each of the stars, other parts for the
field, and still further parts for the stripes. It seems very doubtful
whether this brain process structure will faithfully reproduce the
flag form, but it is highly probable that the parts for the stars will
be spatially juxtaposed to those for the field, and that the latter in
turn will be adjacent to the parts which correspond to the stripes.

Chemistry and Sentiency

These principles must be supplemented by rules concerning quality
and unity, the general character of which we have outlined in pre-
vious chapters. We have noted that consciousness is apparently
not as complex in structure as the corresponding brain activity. At
the same time it is much more diversified. If we reduce the brain
to protons and electrons, its diversity is limited to two different
kinds of elements. However, even in the single instance of the
American flag we find at least three different species of elements on
the conscious side: red, white and blue. We have therefore con-
cluded that qualitative differences, such as that between red and
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blue, must correspond with fine structural differences between various
small aggregates of protons and electrons. Examples of such aggre-
gates are to be found in atoms and molecules. Since the number of
different kinds of atoms is far smaller than the number of different
qualities (sensations, etc.,) which are found in consciousness, we
must suppose that the aggregates in question are usually as large
and complex as molecules.

One way of putting this principle into concrete form would be to
say that for every different chemical substance there is a distinct
sentient quality. However, the facts are probably more compli-
cated than this. The state of the substance and the processes
which it is undergoing must also enter into the determination of the
corresponding quality. Distinctive qualities must also exist in
correspondence with physical structures which are more complex
than chemical molecules. A crystal is a possible example of such a
structure. The nerve membrane is another. The “state” of a
substance is represented by its intimate internal structure; whether
it is crystalline or “amorphous,” under tension, charged with elec-
tricity, etc. Its processes involve such things as its temperature,
its participation in an electric current, its chemical reactions, etc.
The nature of the structure determines the processes, and the latter
in turn are reflected in the structure, so that it is possible to com-
bine these two aspects into a single resultant.

In accordance with these principles, the ultimate components of
the physical system — the electrons and the protons — fail to find
distinctive representation in consciousness. The smallest parts which
achieve such representation are at least as complex as molecules.
We have already considered the explanation of this fact. Tt is be-
cause the ultimate electrical particles are so firmly united in these
small structures by their connecting electrical field that they form
combinations having a high degree of unity and individuality. The
physicist tends to overestimate the persistance of electron and pro-
ton individuality in such combinations. The essential fact about
them is the existence of a continuous electrical field which has a
characteristic form or contour. This field form is the fact which is
directly related to the corresponding qualitative characterstics in
consciousness.
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The degree to which a given aggregate of electrons and protons is
represented by qualitative rather than by evident structural ap-
pearances in consciousness is proportional to the concentration of the
electrical forces which hold these particles together. A great deal of
electrical force or enmergy in a small space means great unity and
distinctive quality rather than structure in consciousness. However,
there is some qualitative effect even with the most diffuse kind of
electrical union. Quality passes over into structure progressively as
unity decreases. Consciousness as a whole must correspond to a
physical system (the central brain process in the cortex) which has a
considerable degree of electrical unification. Hence, each different
consciousness will tend to have a distinctive general quality all its
OWn.

Sentient Boundaries

The boundaries of consciousness or any similar sentient structure
must be determined by the limits of electrical unification within the
corresponding physical system. Lack of such unification is a con-
dition which is not difficult to find or to establish. Two protons, or
any two bodies of like electrical charge can have no electrical unity.
In fact, they have the opposite of unity, a kind of negative unity,
which is indicated by the fact that they repel one another. No
lines of force connect them. Their electrical fields bend away from
each other. In order to combine two protons, at least one electron
must be introduced into the situation. There is also practically no
electrical union between distant aggregates, each of which consists
of electrons and protons in equal numbers. Such aggregates form
neutral, unelectrified, material bodies. Some slight degree of elec-
trical attraction probably operates between all bodies in the physical
universe. However, the amount required to yield a system like the
human consciousness is uhdoubtedly much greater than this minimum.
Otherwise this consciousness would correspond to a much larger
portion of the physical world than the restricted central activity in
the brain.

These are the most important general principles which are needed
in order that we should be able to construct a map of the panpsychic
“universe of sentiency.” However, to make such a map complete
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and definite we require more specific information. What is the exact
chemical constitution and physical state of the substance in the
brain which corresponds to “blue”? Or, conversely, what is the
sentient quality which corresponds to the substance, nitrobenzene,
at ordinary temperatures? Such specific information is not at hand,
and there seems to be no way in which we can arrive at it by logic
or plausible guesswork. Nevertheless, it is entirely conceivable that
progress in physiological psychology will yield this definite, detailed
knowledge concerning the interrelations of consciousness and matter.
There is no fundamental reason why we cannot trace the visual
nerve impulses to their central destinations in the brain and dis-
cover exactly what happens there when blue is seen. This is a
laboratory problem which cannot be solved in the author’s arm-
chair.

The Role of Feeling in the Panpsychic World

There is one case, however, in which we shall dare to develop a
rather detailed specific theory. The merits of this theory may con-
sist primarily in its value as an illustration of the kind of thinking
which must be done upon these problems. The theory relates to
the significance of feeling for the sentient universe at large. It
indicates an intimate association between pleasure and the dynamics
of things. In outline, the doctrine is as follows.

We have developed in previous chapters a view which relates
feeling to the changing of resistance in a nerve synapse. According
to this view, pleasure is associated with a decreasing of such re-
sistance, while displeasure — or unpleasantness — goes with an in-
creasing of the same. The intensity of the pleasantness is supposed
to be proportional to the rate at which the resistance is decreasing.
The intensity of the unpleasantness is similarly determined by the
speed of increase. In our studies upon the physical nature of nerve
activity we have seen that the resistance of a synapse is prob-
ably an inverse representation of its excitability. That is, the
higher the excitability the lower the resistance. The excitability is a
property of the membrane which surrounds the nerve cell in the
region of the synapse. We have also seen that the excitability
probably depends upon the degree of porousness of this membrane.
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When the membrane is very porous the excitability is low; when
the porosity decreases the excitability increases. Putting these
various facts together, we find that a decrease of resistance means
a corresponding decrease in porosity.

Pleasantness and ““Congregation”

From these considerations we may argue that pleasantness ac-
companies decreasing porosity, and is proportional to the rate of
such decrease. Unpleasantness goes with increasing porosity and is
similarly proportional to the rate of increase. When the porosity
remains constant, regardless of its fixed value, the corresponding
conscious state is one of “indifference.” In order to apply these
principles in a panpsychic investigation we must know more about
the physical nature of porosity changes. Now there is more than
one way in which the porousness of a membrane can be altered.
The particles which compose the membrane may be rearranged so
as to change the shapes of the openings between them. Another
way is by all of the particles coming closer together, by a shrinkage
of the membrane along its surface or possibly perpendicularly to the
latter. A third method would involve the introduction of new par-
ticles which plug the pores between the old ones. There is a common
tendency in all of these modes of alteration, however, and that is the
tendency for all of the particles which are concerned to congregate,
or to come into closer proximity with one another.

In general, if some of the particles in the membrane did not come
more closely together, there could be no decrease in the porosity.
The porosity is determined by the ease with which foreign particles
can pass through the membrane. In order to impede the passage of
such particles it is obviously necessary to block the holes through
which they would otherwise move. Such blocking requires that the
particles surrounding the holes should move towards one another,
or else that new particles should be inserted between them. Such
new particles would differ from those which pass through, in that
they combine with the membrane and become part of it.

Now the process of “congregation” of particles is a very common
one in the physical world. In fact, it is one of the most general and
universal of physical actions. All material structures whatsoever
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may be conceived as having been formed by this process. Atoms are
produced by the congregation of electrons and protons. Molecules
result from the congregation of atoms. Solid and liquid bodies are
the outcome of a congregation of molecules. The living organism
represents a congregation of cells, and so on. Hence, if we can relate
feeling with congregation we shall have a general principle with a
wide range of application. Of course there is a great deal that is
speculative in this reasoning, but let us continue and see where it
leads us.

The first question which we must ask is as to why physical parti-
cles tend to congregate. We may begin with the fundamental case
of the electron and the proton. Here the explanation is found in the
law of the electrical attraction of opposite electrical charges. The
electron is a negative charge and the proton is a positive one. The
field of electrical force which stretches between them behaves like a
bunch of rubber bands which draw the two particles together. In
this case congregation results from a yielding to forces of mutual
attraction. If we believe that a pleasant feeling always accompanies
congregation, then we must suppose that when an electron and a
proton rush towards one another, the corresponding sentient units
are suffused with pleasure.

Feeling and Energy Transformation

We may wish to estimate the intensity of this pleasure. In this
case we may consider the velocity of the movement or, better, the
quantity of energy which is involved. The motion of electrons
liberates energy which has been stored up in their electrical fields.
In the stored form the energy is called “potential,” and is repre-
sented by the stretched condition of the “lines of force” which make
up the fields. The case is analogous to that of a rubber band which
is under tension. When the electron and proton move together some
of this energy becomes “kinetic,” or is transformed into energy of
motion. We may therefore reasonably suppose that the intensity of
feeling in this situation is proportional to the rafe at which the
energy is being changed from potential to kinetic form. It corre-
sponds, so to speak, to the speed at which the system is carrying
out its inherent tendencies to action.
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Here, however, we encounter a difficulty. The case in which two
particles attract one another is not the only one in which potential
energy can be released. This can also occur when two electrons or
two protons act upon each other. It is a fundamental law of elec-
trical science that like electrical charges repel one another. If they
are allowed to follow this tendency they are set into motion and
thus convert the potential energy of their repulsive fields into kinetic
energy. Consequently we are faced by a situation in which we must
make a choice. Shall we relate pleasure in general with congregation
or with the release of potential energy? If we accept the latter
alternative, we must admit that in the case of like electrical charges
pleasure goes with the opposite of congregation. Since we have no
experimental facts which bear upon this question, we can only be
guided by the general persuasion that pleasure should accompany
the unconstrained activity of any group of particles which is allowed
to work out its own inherent tendencies. This is an inference by
analogy from the human being who is most happy at the moment,
when he is permitted to do what he “wants” to do. The inference
leads us to adopt the general principle that pleasant feeling is always
associated with the release of potential energy and is proportional to the
rate at which such energy is being liberaled.

It is an evident corrolary of this principle that the reverse physi-
cal process should be accompanied by unpleasantness. When kinetic
energy is disappearing and is being stored up in the form of potential
energy, the associated sentiency should be unpleasant in proportion
to the speed at which this change is taking place. When the
amounts of potential and kinetic energy remain constant in all parts
of the system of particles, the accompanying sentient state will be
one of “indifference.”

If we pass from electrons and protons to more complex physical
processes we find that the same general principles can hold. When
atoms combine to form molecules there is a release of potential
energy. This becomes kinetic as heat or as mechanical motion, as
in the case of an explosion. Similar energy release of a less intensive
character occurs when molecules unite to yield larger masses of
matter. Physicists believe that the congregation of atoms and of
molecules depends upon electrical forces similar to those which



242 THE MYSTERY OF MIND

bring electrons and protons together. In fact, it is almost certain
that these forces are identical with portions of the electron or pro-
ton fields which have not been exhausted by the original union of
the smaller particles.

The Sitruggle for Pleasure

If we survey the universe at large we find that action due to
attractive forces is much commoner than that due to repulsive
forces. The reason for this is that repulsive forces are constantly
acting so as to weaken themselves, while attractive forces behave so
that they make themselves stronger. This is made possible by the
fact that the strength of an electrical field diminishes very rapidly as
the particles are separated from one another in space. The action of
repulsive forces is usually conditional upon their entanglement with
attractive forces. Such entanglement is inevitable in any physical
system which consists of more than two particles. If there are only
two particles one can be positive and the other negative; but if we
add a third it must be either positive or negative. If it is positive it
will act repulsively upon the already present positive particle. If,
on the other hand, it is negative it will stand in the same relation to
the negative particle which is already in the system. Since large
numbers of protons and electrons are capable of combining into
well unified groups it follows that the attractive forces overcome the
repulsive ones on the average.

If we accept the above reasoning we must conclude that the senti-
ent universe as a whole is governed by a hedonistic law. By this we
mean that all changes which occur in this universe are controlled by
a pleasure tendency. For potential energy will always be trans-
formed into kinetic energy when restrictions are removed. Such
restrictions usually involve a balancing of one potential energy
against another. Thus, if we hold a rubber band in the stretched
condition, the tension of the band is balanced by the tension in our
muscles and bones. When the connection between the two is
broken — as by letting go of the band — both systems of energy are
released. Such states of balance or of equilibrium are the condi-
tions of no activity and are accompanied on the sentient side by
“indifference.”
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It may seem that in a universe which is governed by a tendency
towards pleasure, the existence of unpleasantness or misery forms a
mystery. However, it is evident that we can specify the conditions
of unpleasantness from our theory. Unpleasantness will appear
whenever kinetic energy is being converted into potential energy.
Under what circumstances does such a transformation take place?
A study of many instances shows that a conflict between two
systems of energy is necessary. In such a conflict the more power-
ful of the two systems forces the other to follow its will. The weaker
system is thus forced into a form of action which it would not pur-
sue if it were left free. The unpleasantness is associated with the
process in the weaker system, and is always less than the pleasantness
which goes with the success of the stronger of the two systems.

The physics of this situation is well illustrated in the act of
stretching the rubber band by muscular energy. The potential
energy which is stored in the muscles overcomes that of the band at
all stages of the stretching. The band may break, in which case its
energy immediately returns to kinetic form. On the other hand, if
the band is a very heavy one, it may eventually accumulate enough
potential energy so that our muscles become unable to stretch it
further. The energy transfer in this experiment is evidently from
the muscles into the rubber band. The structure of the entire
system, including muscles and band, is such that only a portion of
the muscular energy can go over into kinetic form, and in doing
this the remaining portion moves from the muscles into the band.
The sentiency which corresponds to the band is suffering at the ex-
pense of that which corresponds to the muscles, because the band is
having potential energy piled up in its structure while the muscles
are reducing their store of this commodity.

The analogy between these principles and those which apply in
human affairs is quite evident. Unpleasantness is usually the result
of some kind of conflict. Sometimes the conflict is between human
tendencies and those of inanimate nature, as when I burn my hand
on a hot iron. Other times the conflict is between different human
beings, as in war. On still other occasions, there is a struggle be-
tween different components of a single personality, as in worry,
indecision, and the forms of mental disease which are much dis-
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cussed by Freud. Pleasure, on the other hand, accompanies the free
pursuit of any individual's own tendencies, unhampered by natural,
social or internal interferences. Pleasure also results when the in-
dividual is able to overcome such sources of interference.

Sentient Evolution

The universal process which we call evolution can be described in
a general way in the terms outlined above. In the first place, evolu-
tion consists in an ever increasing complexity of physical structure,
It begins with isolated electrons and protons. These congregate to
form atoms in a series having increasing intricacy. The atoms, in
turn, combine into molecules and the molecules into cells and the cells
into organisms. A conflict goes on unceasingly between all of these
structures and the forces which they involve. As a consequence of
this conflict some of the structures are broken up and disappear
from the scene. Those which remain do so because they have the
greatest stability, and because they conflict with one another the
least of any of the structures which have been produced. The hu-
man and other living organisms owe their peculiar forms and func-
tions to these principles.

On the sentient side, the increasing complexity which we find in
the evolutionary series is an evidence of the striving for pleasure.
The so-called “fitness” or ‘“adaptation” of the organism to its sur-
roundings or conditions of physical existence, is an outcome of the
resolution of conflicts. As such it indicates a tendency towards the
establishment of conditions under which unpleasantness is rendered
less likely than would be the case in a more primitive state. Evo-
lutionary progress is therefore the outcome of a “blind” pleasure-
seeking activity, which becomes enlightened through its failures
and pains. On the high level of human consciousness this enlighten-
ment may take the form which we call intelligence.

Other Aspects of the Sentient Universe

This understanding of the universal significance of feeling — if it
be correct — is a very important feature in our appreciation of the
sentient universe as a whole; but it must be supplemented by many
other principles which are at present unknown. When a hydrogen
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atom and an oxygen atom are in the act of combining, the corre-
sponding sentiency will be suffused with pleasure, but it will also
possess other characteristics. These latter are related to the special
structual arrangement and the inherent nature of the combining
particles in all phases of the process. The psychologist has not as
yet determined the principles which are required for a computation
of the qualities which are associated with particular atoms, mole-
cules, or other electrical combinations. However, we may say that
in a general manner these non-human sentiencies are probably
similar to those which are demonstrable in the human consciousness.
By this we mean that they are generally similar to such things as
colors, tones, temperatures, tastes, smells, and other so-called sensa-
tions or elements of consciousness. Or, if they are not of an elemen-
tary nature, they approximately resemble combinations of such ele-
ments — like human perceptions and other complex experiences.

Such a broad similarity of the nature of the sentient universe at
large and the human consciousness in particular does not preclude
important differences. Nearly all of the non-human sentiencies
probably differ from any form of human consciousness as much as
the most widely different of such forms differ from each other. Thus,
red and sweet are two radically different qualities which are found
in human experience; and we can readily conceive the possibility of
some other quality which differs just as radically from both of them
and which is not found in our experience. We must take the same
attitude with regard to the non-human sentient universe that a
color-blind man is forced to take concerning his normal fellow beings.
He does not know and can never know the experience called red;
yet he is constrained to believe in its reality. Similarly, the young
child does not know the experience called love but may accept it as a
fact in the lives of his elders.

Thus we describe the total sentient world as a system of qualities
which fall into the same general class of things as do human sensa-
tions and feelings, but which nevertheless possesses a far greater
variety than do the latter. The general pattern or structure of this
sentient world is revealed by the physicist’s mathematical descrip-
tion of the corresponding physical system. However, in passing from
the physicist’s account to a description of the sentient universe we
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must go through a process which is like translating from one
language into another. We have endeavored to indicate the general
nature of this translation, but the detailed rules are still part of
““the mystery of mind” which the psychologist has yet to solve.

The Unreality of the Physical Universe

The above discussion has been an attempt to suggest the nature of
the panpsychic world and its relationship to the world of physics.
We have supposed that these two worlds exist, so to speak, side by
side. Their structures and activities are “in parallel.” To believe
in the existence of a general sentient universe requires considerable
intellectual courage. This is true even when we recognize that such
a belief involves the same principles as does a belief in the existence
of consciousness “in” our fellow-humans. It is true even when we
see that this belief is more logical than the faiths of many popular
religions. However, numerous philosophers have taken a further
and far more daring step. They have denied the reality of the
world of physics and have asserted that the panpsychic universe is
the sole reality. This view of things has also been formally adopted
by one popular religious cult, namely, that of Christian Science.

The proposition that the physical world does not exist seems at
first to the layman as merely absurd. This is due, however, to his
failure to understand the meaning of the statement. The proposition
does not signify that the world of any man’s senses is non-existent.
This world is self-evidently “there.” But where is *there’?
Equally self-evident is the fact that “there” is in the individual's
consciousness. No philosopher has ever intentionally denied the
existence of consciousness in the sense in which we have interpreted
the term in the present book. The world as we see it, hear it,
touch it, taste it and smell it must always be acknowledged as a
fact. But the same cannot be said for the universe of protons and
electrons and Einsteinian space-time which is described by modern
physical science. No one has ever seen this universe, nor heard it,
nor touched it, nor tasted it, nor smelled it, in experience. Very few
have even understood it. Belief in its existence is as much a matter
of faith as is belief in the reality of the sentient universe of panpsy-
chism.
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We can go still farther than this in our statements concerning
the physicist’s world. We can state truthfully that this world
cannot be conceived as real, unless we give it a panpsychic interpreta-
tion. One way in which the reader can convince himself of the
truth of this statement is as follows: Try to éimagine the nature of the
nature of the thing called eleciricity of which the physical universe is
said to be composed. Furthermore, try to imagine the difference be-
tween positive and negative electricity. Do not do this in terms of how
they behave or how large the particles of positive or negative elec-
tricity may be. Try to conceive their inherent natures. If you
believe that you have succeeded in the task thus set, note carefully
whether you have inserted any qualitative factors into the scheme.
Have you pictured the positive electricity as red and the negative
as blue? Have you made the proton “hard’ and the electron
“soft”? If so, you must rule out these psychological features and
start afresh in the experiment.

The final outcome is, either that you fail or that you are mistaken
in your views, because physical particles are defined in terms of their
relationships and not in terms of their inherent characters. In other
words, they are blank units in an architecture of logic. Physics tells
us the structure of the universe in the abstract. We must turn to
psychology to find the substance which enters into this structure.
And this substance must be of the nature of consciousness or its
components. There is nothing else which we know in itself. There
is nothing else with which our thought can ever be directly ac-
quainted. This is because consciousness embraces everything con-
cerning which such acquaintance is possible. We can know the
world beyond us only in so far as it resembles the world which is
within us.

Tdealism

These are the tenets of an idealistic philosophy. The world is mind
and mind is the world. The " mystery of mind” spreads over the
whole of reality. And so the human mind loses its erstwhile unique-
ness and is no longer a mystery. But the idealistic philosophers of
the past have not solved the mysteries of the mental universe. They
have lacked the proper instruments and methods. Some of these
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essential aids are being provided by modern psychology. Others,
strange as it may seem, are to be found only in modern physics.
A combination of the two provides the only means by which we can
hope to penetrate to the details of realities which are still far hidden
from us.

However, for those who have the interest and patience to delve
into philosophical studies, it may be said that idealistic considera-
tions are capable even now of solving some of the more general
mysteries of mind. If the physical universe does not really exist,
there can be no real problem of the relation of consciousness to
matter. The real problem is that of the relationship between con-
sciousness and the physicist’s theery. The solution of the problem lies
in a reinterpretation of this theory, so that it is given a new mean-
ing. This new meaning is nothing more nor less than the panpsychic
universe itself. Physical descriptions actually refer to this universe
and to none other. The seeming interdependency of mind and mat-
ter thus reduces to the parallelism which necessarily exists between
two different accounts of the same thing. However, we cannot hope
in the present book to make such a doctrine really clear. To do so
would be too difficult and if successful would unduly dispel the
“mystery of mind”; which it has been our purpose to set forth
rather than to solve.
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